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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The International Standards on offshore structures prepared by TC 67 (i.e. ISO 19900, ISO 19902,
[SO 19903, ISO 19904 and ISO 19906) 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 type of structure and the nature or combination of the materials used.

Structural integrity is an overall concept comprising models for describing actions, structural analyses,
design or assessment rules, safety elements, workmanship, quality control procedures and national

req
ass
Sys
ove

Thd

1irements, all of which are mutually dependent. The modification of one aspect off
bssment in isolation can disturb the balance of reliability inherent in the overall concept ot
em. The implications involved in modifications, therefore, need to be considered in’reld
Fall reliability of all offshore structural systems.

International Standards on offshore structures prepared by TC 67 are.intended to

wide latitude in the choice of structural configurations, materials and techhiques without

inn
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Seis
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Thi
stry
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seis

pvation. Sound engineering judgement is, therefore, necessary in the use of these In
pdards.

overall concept of structural integrity is described above. Someyadditional consideratiof

mic design. These include the magnitude and probability of seismic events, the use and i
e offshore structure, the robustness of the structure under.consideration and the allowa
to seismic actions with different probabilities. All of\these, and any other relevant ir
d to be considered in relation to the overall reliability.of the structure.

mic conditions vary widely around the world,> and the design criteria depend pr
prvations of historical seismic events together with consideration of seismotectonic
bs, site-specific seismic hazard assessmentsawvill be required to complete the design or :
structure.

5 document is intended to provide general seismic design procedures for different types
Ictures, and a framework for the‘derivation of seismic design criteria. Further requir
fained within the general requirements International Standard, ISO 19900, and within the
rific International Standards,; . JSO 19902, ISO 19903, ISO 19904 and ISO 19906. The consi

mic events in connection with mobile offshore units is addressed in the ISO 19905 series.

design or
structural
tion to the

provide a
hindering
fernational

s apply for
Importance
ble damage
formation,

marily on
5. In many
issessment

of offshore
bments are
structure-
deration of
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INTERNATIONAL STANDARD

1SO 19901-2:2022(E)

Petroleum and natural gas industries — Specific

re

quirements for offshore structures —

Part 2:
Seismic design procedures and criteria

1

Thi
offs
fixe

Scope

5 document contains requirements for defining the seismic design procedures and ¢riteria for
hore structures; guidance on the requirements is included in Annex A. Thé xequirements focus on
d steel offshore structures and fixed concrete offshore structures. The effects of seismif events on

floating structures and partially buoyant structures are briefly discussed. The site-specific 4ssessment

of j
are

Onl
suc
and

Thd
levd

a)

b)

Pro

ick-ups in elevated condition is only covered in this document to the extent that the re
applicable.

y earthquake-induced ground motions are addressed in detdil."Other geologically induc
h as liquefaction, slope instability, faults, tsunamis, mud y6l¢anoes and shock waves are
briefly discussed.

requirements are intended to reduce risks to persois, the environment, and assets to
Is that are reasonably practicable. This intent is-achieved by using:

seismic design procedures which are dependerit on the exposure level of the offshore st
the expected intensity of seismic events;

a two-level seismic design check in which the structure is designed to the ultimate limit
for strength and stiffness and thetchecked to abnormal environmental events or thg
limit state (ALS) to ensure that(it meets reserve strength and energy dissipation requirg

cedures and requirementssfor a site-specific probabilistic seismic hazard analysis

addfressed for offshore struetures in high seismic areas and/or with high exposure levels.

tho

Wh
Ani
suc
acti
site

NOTI

rough explanation of RSHA procedures is not included.

lex B, show thevjntensity of ground shaking corresponding to a return period of 1 00
h cases, these/nraps can be used with corresponding scale factors to determine appropri
ons for the\design of a structure, unless more detailed information is available from lo
-specific.study.

E For design of fixed steel offshore structures, further specific requirements and recomme|

of d

bre a simplified-.design approach is allowed, worldwide offshore maps, which are iB

uirements

bd hazards
mentioned

the lowest

ucture and

state (ULS)
abnormal
ments.

PSHA) are
However, a

cluded in
years. In
hte seismic
cal code or

nded values

bsigh parameters (e.g. partial action and resistance factors) are included in ISO 19902, while th

se for fixed

concrete offshore structures are contained in ISO 19903. Seismic requirements for floating structures are
contained in ISO 19904, for site-specific assessment of jack-ups and other MOUs in the ISO 19905 series, for arctic
structures in ISO 19906 and for topsides structures in ISO 19901-3.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 19901-8, Petroleum and natural gas industries — Specific requirements for offshore structures -
Part 8: Marine soils Investigation

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

ISO 19903, Petroleum and natural gas industries — 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.

ISO and [E€ maintain terminology databases for use in standardization at the following addresses;

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Elgctropedia: available at https://www.electropedia.org/

31
abnormal(level earthquake
ALE
intense eafthquake of abnormal severity with a very low probability of oceurring during the life offthe
structure

Note 1 to emtry: The ALE event is comparable to the abnormal event in the design of fixed structures thaf are
described i ISO 19902 and ISO 19903.

3.2
attenuatign
decay of sefismic waves as they travel from the earthquake source to the site under consideration

3.3
deaggregdtion
separation|of seismic hazard contribution frontdifferent faults and seismic source zones

3.4
escape angl evacuation system
system prdvided on the offshore strueture to facilitate escape and evacuation in an emergency

EXAMPLE Passageways, chutes, ladders, life rafts and helidecks.

3.5
extreme l¢vel earthquake
ELE
strong earthquake withra reasonable probability of occurring during the life of the structure

Note 1 to enfry: The'ELE event is comparable to the extreme environmental event in the design of fixed structfires
that are desfcribed'in ISO 19902 and ISO 19903.

3.6
fault movement
movement occurring on a fault during an earthquake

3.7

ground motion

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

Note 1 to entry: A fixed offshore structure is founded in or on the seabed (3.17) and consequently only seabed
motions are of significance. The expression "ground motions" is used rather than seabed motions for consistency
of terminology with seismic design for onshore structures.

Note 2 to entry: Ground motions can be at a specific depth or over a specific region within the seabed.

2 © IS0 2022 - All rights reserved
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3.8

liquefaction

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

3.9
modal combination
combination of response values associated with each dynamic mode of a structure

3.10
mud volcano

undrained

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

Notg¢ 1 to entry: The surface expression of a mud volcano is a cone of mud with continuous of intef
escdping through the mud.

3.11
pr%:)abilistic seismic hazard analysis

PSHA
framework permitting the identification, quantification and rational’combination of uncel
earthquakes' intensity, location, rate of recurrence and variations inground motion (3.7) chal

3.12
bability of exceedance

systems provided on the.affshore structure to detect, control and mitigate hazardous situat
EXAMPLE Gas detéction, emergency shutdown, fire protection, and their control systems.

3.1

sealfloor

fragments

mittent gas

tainties in
acteristics

re time

ion, ground

h a specific
ent values

ons

seapled slide

failure of seabed (3.17) slopes

3.17
seabed
soil material below the sea in which a structure is founded

3.18

seismic risk category

SRC

category defined from the exposure level and the expected intensity of seismic motions

© IS0 2022 - All rights reserved
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3.19

seismic hazard curve
curve showing the annual probability of exceedance (3.12) against a measure of seismic intensity

Note 1 to entry: The seismic intensity measures can include parameters such as peak ground acceleration,
spectral acceleration (3.22), or spectral velocity (3.23).

3.20
seismicre

serve capacity factor

factor indicating the structure’s ability to sustain ground motions due to earthquakes beyond the level
of the extreme level earthquake (3.5)

Note 1 to en
extreme lev]

3.21

site respo
wave prop
on the grot

3.22

spectral a
maximum
motions (3|

3.23

spectral v|
maximum
(3.7) duet

Noteltoe

by the oscillator’s circular frequency or the inverse of its frequency, respectively. The pseudo spectrum is ei
relative or gdbsolute, depending on the type of response'spectra that is factored.

3.24

spectral d
maximum
motions (3|

3.25

static pushover analysis

application
equivalent

3.26
tsunami
long perioc

try: The seismic reserve capacity factor is a structure specific property that is used to determing
el earthquake acceleration from the abnormal level earthquake (3.1) acceleration.

hse analysis
hgation analysis permitting the evaluation of the effect of local geological-anid soil condit
nd motions (3.7) as they propagate up from depth to the surface at the site

cceleration
pbsolute acceleration response of a single degree of freedom oscillator subjected to grg
7) due to an earthquake

plocity
pseudo velocity response of a single degree of freedom oscillator subjected to ground mot
an earthquake

ry: The pseudo velocity spectrum is computed'by factoring the displacement or acceleration spe

isplacement
relative displacement respense of a single degree of freedom oscillator subjected to grg
7) due to an earthquake

and incremental/increase of a global static pattern of actions on a structure, inclug
dynamic ineftial actions, until a global failure mechanism occurs

| seawaves caused by rapid vertical movements of the sea floor (3.15)

the

ons

und

jons

ctra
ther

und

ling

Note 1 to entry: The vertical movement of the sea floor is often associated with fault rupture during earthquakes
or with seabed slides (3.16).

4 Symbols and abbreviated terms

of a

4.1 Symbols

ag slope of the seismic hazard curve

C, site coefficient, a correction factor applied to the acceleration part (shorter periods)
response spectrum

4 © IS0 2022 - All rights reserved
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C, correction factor applied to the spectral acceleration to account for uncertainties not cap-
tured in a seismic hazard curve
C. seismic reserve capacity factor; see Formulae (7) and (10)
C, site coefficient, a correction factor applied to the velocity part (longer periods) of a response
spectrum
D scaling factor for damping
G e initial (small strain) shear modulus of the soil
g acceleration due to gravity
M magnitude of an earthquake measured by the energy released at its source
Nk scale factor for conversion of the site 1 000-year acceleration spectrum to the site ALE
acceleration spectrum
Pa atmospheric pressure
PaL annual probability of exceedance for the ALE event
P, probability of exceedance
Peit annual probability of exceedance for the ELE¢vent
P; target annual probability of failure
q. cone penetration resistance of soil
qa normalized cone penetration resistance of soil
44 average normalized cone penetration resistance of sand in the effective seabed
S.(D spectral acceleration associated with a single degree of freedom oscillator perfod, T
Ea T) mean spectral-acceleration associated with a single degree of freedom oscillatdr period, T;
obtained from-a PSHA
SaaLe(T) ALE spectral acceleration associated with a single degree of freedom oscillatoy period, T
S adLg(T) mean ALE spectral acceleration associated with a single degree of freedom oscillator period,
Toobtained from a PSHA
SaeLe(T) ELE spectral acceleration associated with a single degree of freedom oscillator| period, T
S.t15eT)  mean ELE spectral acceleration associated with a single degree of freedom oscillgtor period,
T: obtained from a PSHA
Samap(T) 1 000-year rock outcrop spectral acceleration obtained from maps associated with a single
degree of freedom oscillator period, T
Eape (T) mean spectral acceleration associated with a probability of exceedance, P,, and a single
' degree of freedom oscillator period, T, obtained from a PSHA
§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
Sasite(T) site spectral acceleration corresponding to a return period of 1 000 years and a single de-

gree of freedom oscillator period, T

© IS0 2022 - All rights reserved 5
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Tdom
T

return

Vs

undrained shear strength of the soil

average undrained shear strength of the soil in the effective seabed
natural period of a simple, single degree of freedom oscillator
dominant modal period of the structure

return period

representative shear wave velocity

Vs

4.2 Abb

L1,L2, L3

MOU
PGA
TLP
ULS

5 Earth

Actions ar
offshore st
previous r

provides ﬁ?ps of indicative seismic accelerations; however, for many areas, depending on indicafive

accelerati
hazard inv

Evaluation

average of representative shear wave velocity in the effective seabed

mass density of soil

per cent of critical damping

logarithmic standard deviation of uncertainties not captured in a seisniic hazard cury

in situ vertical effective stress of soil

reviated terms

exposure level derived in accordance with the International Standard applicable to the t
of offshore structure

mobile offshore unit
peak ground acceleration
tension leg platform

ultimate limit state
quake hazards

ructures in seismically active areas. Areas are considered seismically active on the bas
bcords of earthquake activity, both in frequency of occurrence and in magnitude. Annge

s and expesure levels, seismicity shall be determined on the basis of detailed seis
pstigations (see Clause 8).

of{ seismic events for seismically active regions shall include investigation of

characterig

tics of ground motions and of the acceptable seismic risk for structures. Structure

ype

d action effects dueto seismic events shall be evaluated in the structural designp of

s of
tx B

mic

the
5 in

seismically active regions shall be designed for ground motions due to earthquakes. However, of
seismic hazards shall also be considered in the design and, when warranted, should be addressed by
special studies (e.g. mudflow loading, seabed deformation). The following hazards can be caused by a
seismic event:

— soil liq

uefaction;

— seabed slide;

— fault movement;

— tsunamis;

— mud volcanoes;
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shock waves.

Effects of seismic events on subsea equipment, pipelines and in-field flowlines shall be addressed by
special studies (e.g. simultaneous seabed and structure excitation, spatially varying motions).

6

6.1
Thi

Seismic design principles and methodology

Design principles

clause addresses the design of structures to the ultimate limit state (ULS) for frequent e

rthquakes

(EL
The

stiff

wit
seiq
tha
sub

The
stre
rev
des
sevi
can|
ove
env|

Bot
eve

) and to the abnormal limit state (ALS) for rare earthquakes (ALE).

ULS requirements are intended to provide a structure which is adequately sized)for st
ness to ensure that no significant structural damage occurs for a level of earthquiake gro
h an adequately low likelihood of being exceeded during the design service life.of the str
mic ULS design event is the extreme level earthquake (ELE). The structure-shall be des

an ELE event will cause little or no damage. It is recommended that.the structure bg
sequent to an ELE occurrence.

ALS requirements are intended to ensure that the structure and fetundation have suffici
ngth, displacement and/or energy dissipation capacity to sUstain large inelastic di
ersals without complete loss of integrity, although structurdl damage can occur. The s
gn event is the abnormal level earthquake (ALE). The ALE is an intense earthquake o

brity with a very low probability of occurring during<theé structure's design service life

!

Fength and
nd motion
cture. The
igned such

inspected

bnt reserve
bplacement
bismic ALS
f abnormal
. The ALE

cause considerable damage to the structure; however, the structure shall be designed such that

Fall structural integrity is maintained to avoid structural collapse causing loss of life an
ironmental damage.

h ELE and ALE return periods depend on thie exposure level and the expected intensity
hts. The target annual failure probabilities given in 6.4 can be modified to meet tar

owners in consultation with regulators, or‘to meet regional requirements where they exis

req

6.2

1irements for select regions are fouhd in Annex C.
Seismic design procedures

1 General

procedures for.s€ismic design are provided: a simplified method and a detailed m
plified method-1ndy be used where seismic considerations are unlikely to govern the

d/or major

of seismic
bets set by
t. Regional

ethod. The
esign of a
[ impact on
P structure
pdure (see

fedure (see
ire may be

When a structural design is asymmetric in geometric configuration or directional capacity, additional
analyses shall be included to demonstrate suitable performance in weaker directions. For time history
analyses, this can require different orientations of the earthquake horizontal records to demonstrate
performance requirements (see Clause 9).

Figure 1 presents a flowchart of the selection process and the steps associated with both procedures.
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Determine S, 5, (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,

SRC, Tor the structure, [6.4 ¢J]

If SRC 1

SRC 2, SRC 32 — Simplified seismic
action|procedure, (Clause 7)

No evaluation required

SRC 32, SRC 4 - Detailed seismic

Determine the site-specific 1 000

action procedure, (Clause 8)

Determinethe seismic hazard cury
from siteyspecific study, (8.2 and 8.

w

year acc¢leration spectrum, (7.1)

Determine the ALE acceleration
spectrum, (7.2)

Determijine the seismicaeserve
capacity factor, C{/(7:2)

Determine the slope’of the seismic
hazard curve at-Ry, ay, [8.4, a) to c]]

Deterntine 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 f)]

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

SRC 3 structures may be designed using either the simplified or the detailed seismic action procedure (see
Table 4).

© IS0 2022 - All rights reserved
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Figure 1 — Seismic design 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 employed, non-linear time history procedures shall be used.

L

structures subjected to base excitations from seismic events, either of the following methods of
ysis may be used for the ELE design check:

For
ana

a)
b)

Inb
mot
the
stry
def
wit
mas
stif

the response spectrum analysis method;
the time history analysis method.

horizontal
be used in

oth methods, the base excitations shall be composed of three motions, i.e.two orthogonal
ions and the vertical motion. Damping compatible with the ELE defotmation levels shoulc
ELE design, as guided by the recommendations in the relevant Interhational Standards ¢n offshore
Ictures prepared by TC 67 (see Introduction) Higher values of dammping due to hydrodynapnics or soil
rmation (hysteretic and radiation) may be used; however, the damping used shall be sulpstantiated
h special studies. The foundation may be modelled with equivalent elastic springs and, iff necessary,
s and damping elements; off-diagonal and frequency depéndence can be significant. The foundation
ness and damping values shall be compatible with the\ELE level of soil deformations.

In 4

dirg
con
Suf
par
ear
con
resj
twa
resj

If th
to d
suc
tim
the
or i
con

response spectrum analysis, the methods for;¢embining the responses in the three
ctions shall consider correlation between.the modes of vibration. The complete
bination (CQC) method can be used to capture the correlation between closely spa
icient modes should be included in the modal combination to obtain at least 90 % strud
ficipation in each horizontal directions:When responses due to each directional comp
thquake are calculated separately, the responses due to the three earthquake directid
bined using the square root of the.sum of the squares method. Alternatively, the three
ponses may be combined linearly’assuming that one component is at its maximum whil
components are at 40 % «f their respective maximum values. In this method, the s
ponse parameter shall be selected such that the response combination is maximized.

e time history analy$is method is used, a minimum of four sets of time history records sh
apture the randoninéss in seismic motions. The earthquake time history records shall
h that they représent the dominating ELE events. Component code checks are calculaf
b step and the-maximum code utilization during each time history record shall be use
componentperformance. Satisfactory performance shall be achieved for either the gre:

stitutestall code utilizations being less than or equal to 1,0.

prthogonal

quadratic
ed modes.
tural mass
nent of an
ns may be
directional
b the other
gn of each

all be used
be selected
ed at each
1 to assess
hter of four

alf the total sets of time history records. Satisfactory performance of a given time history record

Equ

iphient on the deck shall be designed to withstand motions that account for the trans

mission of

ground motions through the structure. The structure can amplify the ground motion such that the deck
accelerations are much higher than the earthquake excitation. The time history analysis method shall
be used for obtaining deck motions (especially relative motions) and deck motion response spectra
(typically absolute acceleration spectra).

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

6.2.3 Abnormal level earthquake design

In high seismic areas, it is uneconomic to design a structure such that the ALE event would be resisted
without 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
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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 representative values of modelling parameters such as material strength, soil strength and soil
stiffness. This can require reconsideration of the conservatism that is typically present in the ELE
design procedure.

For structures subjected to base excitations from seismic events, either of the following methods of
may be usdd for the ALE design check:

a) the stdtic pushover or extreme displacement method;
b) the noh-linear time history analysis method.

The two 1hethods can complement each other in most cases. The requirements’in 6.2.2 for [the
compositigqn of base excitations from three orthogonal components of motion and for damping flso
apply to the ALE design procedure.

The static| pushover analysis method may be used to determine possible and controlling glgbal
mechanisns of failure, or the global displacement of the structure (i.e. beyond the ELE). The latter may
be achievefl by performing a displacement-controlled structural analysis.

The non-ligear time history analysis method is the most accurateiand is recommended for ALE analysis.
A minimurh of four time history analyses shall be used to capture the randomness in a seismic evient.
The earthquake time history records shall be selected such<hat they represent the dominating ALE
events. If spven or more time history records are used, global structure survival shall be demonstrated
in half or nmpore of the time history analyses (see 9.2). If fewer than seven time history records are uped,
global suryival shall be demonstrated in at least four.time history analyses.

Extreme diisplacement methods may be used. to“assess survival of compliant or soft-link systgms,
e.g. tetherg on a tension leg platform (TLP),«0r portal action of TLP foundations subjected to latpral
actions. In[these methods, the system is evaluated at the maximum ALE displacement, including|the
associated|action effects for the structure: The hull structure of the TLP is designed elastically for|the
correspondling actions. The effect of farge structural displacements on pipelines, conductors, riserspnd
other safetly-critical components shall’be considered separately.

6.3 Spegtral acceleration‘data

Generic sefismic maps of\spectral accelerations for the offshore areas of the world are presented
in Annex B. These maps should be used in conjunction with the simplified seismic action procedure
(see Claus¢ 7) and\to determine the seismic risk category (see 6.4). For each area, two maps|are
presented |n Annex B:

— 0,2 s ppriod;

— 1,0 speriod.

The acceleration values are expressed in g and correspond to 5 % damped spectral accelerations on
rock outcrop, defined as site class A/B in Table 5. These accelerations have an average return period of
1 000 years and are designated as S (0,2) or S, 112p(1,0).

a,map map

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

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
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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) To determine the site seismic zone (see the worldwide seismic maps in Annex B): Read the value for
the 1,0 s horizontal spectral acceleration, Sa‘map(l,O); using this value, determine the site seismic
zone from Table 1.

Table 1 — Site seismic zone

Soman1.0) <0.03g 0.03gt00.10g | 011gto025¢g | 026gto045¢g >0,45g

.....

beismic zone 0 1 2 3 4

b) |To determine the structure's exposure level [see the relevant International Standards ¢n offshore
structures prepared by TC 67 (see Introduction)]. The target annual probabilities| of failure
associated with each exposure level are given in Table 2; these are required in tj;e 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 authofrities. The
simplified seismic action procedure has been calibrated to the targét probabilities giver] in Table 2.
Since it is not possible to evacuate prior to an earthquake, the.manned-evacuated L2 condition
is not allowed. All manned offshore structures shall be categptized as L1 for seismic dctions. For
unmanned medium consequence offshore structures, exposure level, L2, should be used only when
the offshore structure is manned at the minimum amount'of time possible. Offshore strufctures that
are manned on an interim basis, for example, daylight:hours only, should be considered manned.

Table 2 — Target annual probability of failure, P;

Exposure level P¢
L1 4x10-*=1/2500
L2 1x1073=1/1000
L3 2,5x1073=1/400

c) |To determine the structure's seismic risk category, SRC, based on the exposure level and the site
seismic zone; the SRC is detérmined from Table 3.

Table 3 — Seismic risk category (SRC)

. o Exposure level
Site(seismic zone
L1 L2 L3
0 SRC 1 SRC1 SRC 1
1 SRC 3 SRC 2 SRC 2
2 SRC 4 SRC 2 SRC 2
3 SRC 4 SRC 3 SRC 2
4 SKC 4 SKC 4 SKC 3

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.

6.5 Seismic design requirements

Table 4 gives the seismic design requirements for each SRC. Figure 1 presents an overview of the seismic
design process and expands the steps associated with the development of seismic ALE and ELE spectra
for the simplified and detailed procedures.
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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, the primary structure configuration and joint detailing should follow the requirements
and recommendations for ductile design for all SRC except SRC 1 (good practice, but not required
for SRC 1). See the relevant International Standards on offshore structures prepared by TC 67 (see
Introduction).

For floating structures, only the ALE should be considered.

Table 4 — Seismic design requirements

SRC | Yeismic action procedure Evaluation of seismic Non-linear ALE analysis
activity
None None None
Simplified ISO maps or regional maps Permitted
Simplified Site-specific, ISO maps or regional Recommended
3a maps
Detailed Site-specific Recommended
4 Detailed Site-specific Required
a2 For an $RC 3 structure, a simplified seismic action procedure is, in most cases, more conservative than a detdiled
seismic actipn procedure. For evaluation of seismic activity, results from a site<specific probabilistic seismic hagard
analysis (PSHA) (see 8.2), are preferred and should be used, if possible. OtherwiSe,)regional or ISO seismic maps ma}y be
used. A detajled seismic action procedure requires results from a PSHA, wherea$.a simplified seismic action procedure pmay
be used in cqnjunction with either PSHA results or seismic maps (regional or IS@ maps).
6.6 Sitelinvestigation
Soil data used in seismic analyses shall be acquired in aecordance with ISO 19901-8.
7 Simplified seismic action procedure
7.1 Soil classification and spectral shape
Having obtained the rock outcrop(spectral accelerations at oscillator periods of 0,2 s and 1,0 s,
Samap(0,2)|and S, ,,,.,(1,0) (see Anhek B), the site response spectrum corresponding to a return period
of 1 6)00 yefars shall ge determined as follows.
a) Deterrhine the site classas follows.
The sife class depends on the seabed soils on which a structure is founded and is a function of{the
averagle properties of the effective seabed (see Table 5). The effective seabed can normally be taken
as the|top 30=m of the seabed. Alternatively, rational analysis can be used to define the effecfive
seabed. Eor ‘structures supported by embedded foundations, this can be taken as the average of

the top 30 m below the vertical location of the footing (e.g. spudcan of a jack-up). For structyres

supported on driven piles or suction caissons, this can be taken as the top 50 m below the sea tloor.

The average of the representative shear wave velocity in a 30 m deep effective seabed (Vg ) shall be
determined from Formula (1):

V,=30
2 =1 Vs.i
where

n

12

is the number of distinct soil layers in the effective seabed;

M
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V 5 iis the representative shear wave velocity of layer, i.

Similarly, the average of the representative values of normalized cone penetration resistance (q)
or soil undrained shear strength (5 ) shall be determined according to Formula (1), where v is
replaced by g, or s, respectively.

Table 5 — Determination of site class

Average properties in the effective seabe

Cohesionless: Cohdsive
. . . Soil shear wave normalized cone ongsive:
Site class Soil profile name velocity penetration Sﬁll un dralneﬁ
Vg resistance shear gtrengt
g .a Ju
4q
m/s kPa
Hard rock/rock,
A/B thickness of soft v > 750 Not applicable Not applicable
sediments <5 m
Very dense hard soil — — -
C and soft rock 350 < vg <750 qq 2200 5,3200
D Stiff to very stiff soil 180 < v, <350 80< qq <200 80 <5), <200
Soft to firm soil 120 < v, <@80 q, <80 5,.E80
Any profile, including those otherwise classified as A to E, contain-
ing soils-having one or more of the following characterisics:
Vs £ 120;
soils vulnerable to potential failure or collapse under sejsmic
actions such as liquefiable soils, highly sensitive clays, c¢llapsible
. weakly cemented soils;

0o0zeP with a thickness of more than 10 m;

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

layers greater than 2 m thick with sharp contrast in she

velocity (greater than #30 %) and/or undrained shear sfrength

(greater than +50 %) compared to adjacent layers.

pressure

L\ wave

w

q
P

lere

qo = (qc/pa) X (pa / OJVO)O'5

. is théeene penetration resistance;

| iSatmospheric pressure = 100 kPa;

a', is the vertical effective stress.

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,
respectivelyl4¢l. 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

(0,2)and S

a,map

+ Samap (1,0).

2) For deep pile foundations, the site coefficients C, and C, are listed in Table 8.

© IS0 2022 - All rights reserved
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Table 6 — Values of C, for shallow foundations and 0,2 s period spectral acceleration

Site class Sa,map(0,2)
<0,25g 0,50g 0,759 1,0g 1,25¢g 21,5¢g

A/B 09 09 09 09 09 09
C 1,3 1,3 1,2 1,2 1,2 1,2
D 1,6 1,4 1,2 1,1 1,0 1,0
E 2,4 1,7 1,3 1,1 1,0 0,8
F a a a a a a

a  Asite-specific marine soil investigation and dynamic site response analyses shall be performed.

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

Site[class Samap(1,0)
<0,1g 0,2g 03g 0,49 0,59 20,6 g

A/B 0,8 0,8 0,8 0,8 08 0,8
C 1,5 1,5 1,5 1,5 1,5 1,4
D 2,4 2,2 2,0 1,9 1,8 1,7
E 4,2 3,3 2,8 2,4 2,2 2,0
F a a a a a a

a  Asite-specific marine soil investigation and dynamic site response analyses shall be performed.

14

Deterrine the site 1 000.year horizontal acceleration spectrum as follows.

1y

2)

3)

4)

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

Site class €3 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 marine soil investigation and dynamic
site response analyses shall be performed.

A §eismic acceleration spectrum shall be prepared for different oscillator periods (T), as sh¢gwn
infFigure 2;

FT periods; T, less than or equal to 0,2 s, the site spectral acceleration, S, ;.(T), shall be taken

usfing&ormula (2):

(2)
For periods greater than 0,2 s and less than or equal to 4,0 s, the site spectral acceleration,

Sasite(T), shall be taken using Formula (3):

Sasite (T)=Cy XSamap(1,0)/T  exceptthatS, s(T) < C; % S, 114p(0,2) (3)

For periods greater than 4,0 s, the site spectral acceleration, instead of decaying in proportion
to 1/T, may be taken as decaying in proportion to 1/T2 using Formula (4):

S asite (T)=4Cy XS 5 o (1,0)/T* 4)
p
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S, (7) A

Sa sitel TV = 3T+ 0,4)C, x S (0,2)

a, map

€y x Sa map (0.2)

/ Sa, sife( T) = [v x Sa, map(1'0)/T

Key

C,

a’

S,(T

a,sit
a,m

a,m;

d)

Sa, Sife( T) = l"(v X 5 (1,0)/

a, map

G x S, map (1,0) /

.

0,2 1 ¢ b

natural period of a simple, single degree of fseedom oscillator

Y site coefficients

) spectral acceleration

L(T) site spectral acceleration corresponding to a return period of 1 000 years and a sing
freedom oscillator period, T

»(0.2) 1 000 year rock outcrop spectral acceleration obtained from maps in Annex B assod
single degree of freedom oscillator period, 0,2 s

p(1,0) 1 000 year rock outcrop spectral acceleration obtained from maps in Annex B assod
single degree of freedom oscillator period, 1,0 s

Figure 2 — Seismic acceleration design response spectrum for 5 % damping
For seismic zones 0, 1 and 2 (see Table 1), the site ELE and ALE vertical spectral accg

a period, T,‘shdll be taken as half the corresponding horizontal spectral acceleration. |
zones 3 and 4, the site ELE and ALE vertical spectral acceleration at a period, T, shall be t
produetiof the amplification function in Figure 3 times the corresponding horizontal a
spectral value (see Reference [37]). The vertical spectrum shall not be reduced further d
depth effects.

(s)

le degree of
jated with a

iated with a

leration at
For seismic
hken as the
cceleration
e to water
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V/H A
1
0,5 AN
0,1 0,5 1 T(s)
Key
T naturfal period of a simple, single degree of freedom oscillator
V/H amplification function applied to horizontal spectral accelerations to-derive vertical spectral acceleratiohs
Figure B — Vertical to horizontal spectral amplification function for seismic zones 3 and 4

e) The acfeleration spectra obtained using the precedinig steps correspond to 5 % damping. To obfain

acceleration spectra corresponding to other damping values, the ordinates may be scaled by

applying a correction factor, D, as shown in Formula (5):

In[100
n(20)

— where|n is the per cent of critical-damping.
As an alterjnative to the procedure-given in a) to e), uniform hazard spectra obtained from PSHA fnay
be modifidd by a detailed dynamic site-response analysis to obtain 1 000 year site-specific degign
response spectra.
7.2 Seismic action procedure
The design|seismig-acceleration spectra to be applied to the structure shall be determined as followjs.
For each oscillator period, T, the ALE horizontal and vertical spectral accelerations are obtained from
the correspefdingvalues-ofthesite 1-000-yearspectral-aceelerationfsee 2t and7t-dasshewn in
Formula (6):

SaaLE(T)=NaLE XS asite (T) (6)

where the scale factor, Ny, is dependent on the structure exposure level and shall be obtained from

Table 9.

16
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The ELE horizontal and vertical spectral accelerations at oscillator period, 7, may be obtained using

Formula (7):
SapLe(T)=SaaLe(T)/C; (7)

where C, is a seismic reserve capacity factor for the structural system that considers the static 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 of the structure in order to achieve an economic design that will resist damage due
5 of C. may
d concrete
ely. Values
structures
prepared by TC 67 (see Introduction) may be used in design; however, such values shall be [verified by
an ALE analysis.

To qvoid return periods for the ELE that are too short, C,. values shall not exceed 2,8 for L1 structures;
2,4 for L2 structures; and 2,0 for L3 structures.

Table 9 — Scale factors for ALE spectra

ALEscale factor
Exposure level
NaLk
L1 1,60
L2 1,15
L3 0,85

8 [Detailed seismic action procedure

8.1 Site-specific seismic hazard assessment

Thg most widely used seismiginput parameter for the seismic design and analysis of offshore|structures
is the design acceleration spectrum. In site-specific studies, the design acceleration spectrurh is usually
derjved 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 ysed to complement the PSHA results. These analyses are described in 8.2 to 8.5.

8.2| Probabilistic seismic hazard analysis

The different elements of a PSHA are shown graphically in Figure 4. In a probabilistic approdch, ground
motions.at a site are estimated by considering the probability of earthquakes of different $izes on all
potential sources (faults or areas) that can affect the site [see Figure 4 a)]. A PSHA also a¢counts for
the randomness in attenuation of seismic waves travelling from a source to the site [see Figure 4 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 [see Figure 4 cJ].
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 [see Figure 4 cJ].

The results from a PSHA are used to derive a uniform hazard spectrum [see Figure 4 d)], where all points
on the spectrum correspond to the same annual probability of exceedance. The relationship between
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the return period of a uniform hazard spectrum and the target annual probability of exceedance (P,)
may be taken as shown in Formula (8):

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

Since a PSHA is a probability-based approach, it is important that uncertainty be considered in the
definition of input parameters such as the maximum magnitude for a given source, the magnitude
recurrence relationship, the attenuation equation, and geographical boundaries defining the location
of a sourcepzone:

The result$ from a PSHA are a series of hazard curves each for a spectral acceleration corresponding
to a structpire natural period, e.g. Ty, T,,...Ty [see Figure 4 c]]. Because of uncertainties in PSHA ifjput
parameterf, each of these hazard curves has an uncertainty band. The mean (or expected valug) of
each hazard curve should be used to construct a uniform hazard spectrum correspanding to a given
exceedanc¢ probability, P, [see Figure 4 d)]. All references to hazard curves in 8.4 refer to the meap of
the hazard curve. The PSHA enables an understanding of the different contributing faults through a
magnitudel distance deaggregation, which can inform additional analyses.
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f(M)
3
4
A / A
.~ 0N 0N
RS IR
M, M,
d d
a) Earthquake source seismicity b) Definition of attenuation curvgs for
and geometry spectral accelerations at periods, Tj ... Ty
ga (TN)
P A B S, (Ty)
S a (Tl) S

S_a, Pe( Tn)

§a, Pe( T2l

§a, Pe( T \\
S

Sa, Pe (Tl) Sa_Pe (TN) a

Sar, (T2) I Ty Ty T

c) [Seismic hazard curves [from a) and b)] for d) Uniform hazard spectrum of mean|spectral
spéctral accelerationsqat each period and the accelerations at the selected target annpal proba-
selected target annual bility of exceedance, developed from c)
probability of excéedance and mean uniform
hazard spectral accelerations,

Sa (Ty) ... Sa(Ty)

Key
1 [linesource (fault) P, target level of annual probability of exceedance
2 el Solllrce. Jf(ﬂl) FY‘Qq“D“{“JY
3 cumulative annual frequency of magnitude, M T, single degree of freedom oscillator periods
4  attenuation uncertainty D distance from source
M  magnitude P annual probability of exceedance
M; magnitude, i S,(T) spectral acceleration associated with a single
degree of freedom oscillator period, T;
mean spectral acceleration for oscillator period,
S,p (1) T
e T, at selected target annual probability of

1
exceedance

Figure 4 — Probabilistic seismic hazard analysis overview
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8.3 Deterministic seismic hazard analysis

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

— definit

definit

ion of an earthquake source (e.g. a known fault) and its location relative to the site;

ion of a design earthquake magnitude that the source is capable of producing;

— arelationship that describes the attenuation of ground motion with distance.

A site can
each fault.
historical K

Determinig
1 000 year
it. The retu
thousand y

A determin

8.4 Seis

This proce
curve sha

acceleration corresponding to a period that is equal to thexdominant modal period of the struct

Sa (Tdom )

have several known active faults in its proximity. A maximum magnitude is defiged
The maximum magnitude is a function of the fault dimension (length, width, areasete)
fnowledge of past earthquakes on that particular source.

tic ground motion estimates are not associated with a specific return~period, suc}
s, although the particular earthquake event used can have a return periédyassociated v
rn period for the maximum event on a given fault can vary from several hundred to sev|
ears, depending on the activity rate of the fault.

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

ic action procedure

Hure is based on the results of a PSHA (see 8.2 and Figure 4). The site-specific seismic haz
| have been determined in terms of the annual ‘exceedance probability of a sped

such curves are illustrated in Figure 4 c). In\lieu of more specific information about

dominant
accelerati

The ALE s
annual pro
are illustrg

a) Plot th

a log;
Figure

Choosg
Table 2

b)

Detern
line to

o

odal period of the structure, the seismic hazard curve may be determined for the speg
ataperiod of 1,0's, S,(1,0).

pectral accelerations are determided from the site-specific hazard curve and the ta
bability of failure, Py, listed in Table 2. The specific steps to define the ALE and ELE evy{
ted in Figure 5 and are described in the following steps:

e site-specific hazard gurve for T = Ty, [a curve such as those shown in Figure 4 c)
-logy, basis, i.e. showing the probability distribution of the parameter S, (Tdom)

5 a)].

 the target anhual probability of failure, P, as a function of the exposure level as indicate]

, and determine the site-specific spectral acceleration at Py, S, p, (Tgom ) from Figure 5 a

hine theslope of the seismic hazard curve, ag, in the region close to P; by drawing a tang
the(s€ismic hazard curve at P;. The slope, ay, is defined [see Figure 5 a)] as the ratio of]

for
and

) as
vith
bral

ard
tral
Lre,

the
tral

Fget
ents

on
[see

d in
).
rent

the
one

spectr

hl-accelerations corresponding to two probability values, one at either side of P, that are

order of magnitude apart [P; and P, in Figure 5 aJ; P, should preferably be close to F;].

d)
factor

captures the uncertainties not reflected in the seismic hazard curve.

Table 10 — Correction factor, C,

1,75
1,20

2,0
1,15

2,5
1,12

3,0
1,10

3,5
1,10

ag

Correction factor, C,

From Table 10 below, determine the correction factor, C., corresponding to agp. This correction

Determine the ALE spectral acceleration by applying the correction factor C. to §a,Pf (Tgom ), the

site-specific spectral acceleration at the required P; and the structural dominant period, Ty, as

shown

20

in Formula (9):
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Sa,ALE (Tdom )= Cc ><Sa,Pf (Tdom )

9

The annual probability of exceedance for the ALE event (P, ) can then be directly read from
the seismic hazard curve [see Figure 5 b)]. The ALE return period is determined from the annual
probability of exceedance using Formula (8). P, is smaller than P; to accommodate uncertainties
in action and resistance evaluations not represented in the seismic hazard curve (as captured in
the correction factor C,).

For certain structure types whose reserve strength and ductility characteristics are known, the
ELE spectral acceleration is next determined from Formula (10):

g)

h)

For
or 1
ALH

priary interest in the-design of a taught mooring system. The hull structure is designed
the corresponding actions. Some consideration should be given to the effects of sh

for

(sed
gen
Min
of e

Sa,ELE (Tdom )= Sa,ALE (Tdom )/Cr (10)

where C. is the seismic reserve capacity factor for the structural system, thdt considers static
reserve strength and the ability to sustain large non-linear deformation$ of each strycture type
(e.g. steel versus reinforced concrete). The C. factor represents the ratio-of spectral afceleration
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 thaf will resist

damage due to the ELE and is, at the same time, likely to meet the ALE performance re
Values of C, may be justified by prior detailed assessment of similar structures. Valu
fixed steel structures are specified in ISO 19902. Values of €{other than those recomme

hazard curve [see Figure 5 b)]. The ELE returnperiod is determined from the annual pr
exceedance using Formula (8). Having determined ALE and ELE return periods, obtain A
accelerations and ELE spectral accelerations for other natural periods from the PHSA

Saate(T) and S, g5 (T).

be addressed by a site respomse~analysis (see 8.5). Soil-structure interaction analy
performed.

inknown, a design procéss which goes directly to avoiding catastrophic system fai
is recommended. Far high seismic areas, extreme displacements and shock waves a

References(J38] to [40]) on the facilities critical mechanical and electrical systems
pration, emergency shutdown, etc.).

tha

h the corresponding return period listed in Table 11, the return period in Table 11 shall

relevant International Standards on offshore structuresprepared by TC 67 (see Introdu
be used in design; however, such values shall be verified by an ALE analysis; see also An

The annual probability of exceedance for the ELE event, Py, can now be read from f{

floating structures (such(as TLPs) and other structure types for which C, is either not wj

imum ELE return periods are given in Table 11 to ensure economic viability of a design, aj
kposure level. If the ELE return period that is obtained from the procedure in this subclat

uirements.
ps of C,. for
hded in the
ction) may
hex A.

he seismic
pbability of
LE spectral
results, i.e.

Modifications of ALE and ELE acceleration spectra for local geology and soil conditions shall

Kes can be

ell-defined
ure in the
Ire often of
elastically
ock waves
e.g. power

a function
seis lower
be used for

SaELe(T)-
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Table 11 — Minimum ELE return periods

Exposure level Minimum ELE return periods
L1 200
L2 100
L3 50
Pe )
10°
P <P;<P,
PZ/PL: 19
1 ag = Sa,l/Sa,Z
107 |-
102}
P,
10° |-
Py
Py
10-4— | — ]\ | >
0,p1 0,1 Saz  Sap,  Sa1 1 S,
a) Derivationof the slope, ay, of the seismic hazard curve for T= T,
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Pe A

10° |

10" |-

10-2 B PELE

107 |-

Pf Cc
PaLe C,
10 I _ -
0,01 0,1 SaELE Sa,Pf SanLe ] Sa
b) Derivation of spectral accelerations’and probabilities for ALE and ELE evenits
Key
P, |annual probability of exceedance
S, |spectral acceleration (g)
Eigure 5 — Typical seismic hazard curve

8.5| Local site response analyses
In ghe detailed seismic action procedure (see 8.4), the ALE and ELE design spectral acfelerations
SaAie (T) and 8§ (T) are based on uniform hazard curves where all points on the curvgs have the
sanje return period. The return periods for ALE and ELE events are determined according to the
profeduresspecified in 8.4. The probabilistic and deterministic seismic hazard analyses described in
8.2 [and: 83 produce ground motions applicable to moderately stiff, stiff, or rock sites. Howjever, many
offghore ‘sites consist of a surface layer of soft soils overlying the stiffer materials. The ALLE and ELE
spectral accelerations shail be further moditied to account for focal 501t conditions at the site. A dynamic

site response analysis, using linear (equivalent linear) or non-linear models of the underlying soil, may
be used to modify the ALE and ELE spectral accelerations and obtain site-specific spectral accelerations
for design.

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

Performance requirements

9.1 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;

h 1 adet] pa | Lada L 1 11 1-1. H 4 1 1l. - o) 1 111 HPA |
owev 1, UTITLITUT ST dAUdUUIT (T, 5. TULATI DULRIIITE TIT STCCT UL SPdITITE TIT CUTICLTTLT ) S1IdIT DT dVUIUTH.

Secondary structural components, such as conductor guide panels, shall follow the same ELE de$ign
rigour|as that of primary components.

The internal forces in joints shall stay below the joint strengths, using the calculated (elastic) fofces
and m@ments.

Foundation checks shall be performed at either the component level or at,the system level. At{the
component level, an adequate margin shall exist with respect to axial and-lateral failure of piles or
verticdl and sliding failure of other foundation elements. At the system level, an adequate maygin
shall dxist with respect to large-deflection mechanisms which would damage or degrade, and
requirg repairs to, the structure or its ancillary systems (e.g. pipelines or conductors).

There phall not be any loss of functionality in safety systems-0r in escape and evacuation systemns.

Masts,| derricks and flare structures shall be capable of>sustaining the motions transmitted| via
the stqucture with little or no damage. The design shall include restraints to prevent topplinjg of
topsides equipment and cable trays. Piping shall be‘designed for differential displacements |[due
to support movements and sliding supports shalkbé maintained such that they act as intendefd in
the degign. The design should minimize the potential for equipment and appurtenances to becpme
fallingfhazards.

The objectjve of an ALE design check-isto ensure that the global failure modes which can lead to high
consequenges such as loss of life gr;major environmental damage can be avoided. The following ALE

performanie requirements shall-be verified.

24

Structfiral elements are allowed to exhibit plastic degrading behaviour (e.g. local buckling in sfteel
or spalling in concrete), but catastrophic failures such as global collapse or failure of a cantilevdred
section of the deck'should be avoided.

Stable|plasticmechanisms in foundations are allowed, but catastrophic failure modes such as
instabllity,did collapse should be avoided.

Joints:
Alternatlvely, where large deformatlons in the ]omts are ant1c1pated they shall be de51gned to
demonstrate ductility and residual strength at anticipated deformation levels.

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 relevant International Standards on offshore
structures prepared by TC 67 (see Introduction) apply.
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Annex A
(informative)

Additional information and guidance

Scope (see Clause 1)

Theg background to and the development of the philosophy for this document are (prsented in
Reference [5].

Earnthquake hazards (see Clause 5)

In addition to seismically induced motions, the planning and design of offshore structures should also

con
are

Kider other hazards that can be initiated by earthquakes. Most geologically induced hz
initiated by earthquakes can be avoided by proper site selection studies.

Liquefaction of soils can occur as a result of repeated cyclic motiens of saturated loose
bntial for liquefaction decreases as soil density increases. Poorly,graded sands are more
quefaction than well-graded sands. Both gravity-based and pile-founded structures locat
types of soil will experience a decrease in capacity duringaystrong earthquake because th
of the soil will degrade significantly. Additional information on the impact of soil liquefac
stryctural design of offshore structures can be found insRéferences [41], [44] and [45].

Earthquakes can initiate failure of sea floor slopes.that are stable under normal self-weigh|
confditions, resulting in seabed slides. The scope«of site investigations in areas of potential
shopld focus on identification of metastable ge@logical features surrounding the site and d
thelsoil engineering properties required for.modelling and estimating sea floor movements.

Andlytical estimates of soil movement-as a function of depth below the sea floor can be
coupled soil engineering properties-to establish expected actions on structural member
mitjgation of this hazard is to locate’offshore structures away from such regions, althoug
structures for seabed slides has been used in the Gulf of Mexico.

Fau|t movement can occut as a result of seismic activity. Siting of facilities close to f
intdrsecting the sea floor) should be avoided, if possible. If circumstances dictate siting
neafby potentially actiVe features, the magnitude and time scale of expected movement

When travelling through deep water, these waves are long with low height and pose littlg
floating. or fixed structures. When they reach shallow water, the wave form pushes upwar
bottom creating a swell that can break in shallow water and can wash inland with great

zards that

soils. The
busceptible
ed in these
e strength
fion on the

I and wave
instability
cfinition of

used with
. The best
h design of

ult planes
structures
should be

a collapse.
hazard to
d from the
pbower. 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[42] 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 structures away from such regions.

Earthquake-induced shock waves in the water column, generated by motions of the sea floor, can have an
impact on floating structures and certain appurtenances. The shock wave can radiate upward through
the water column causing a possible impulsive action on buoyant or partially buoyant structures and,
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therefore, an increase in hull pressures and tendon or mooring line forces. This phenomenon is only
likely to be an issue for the most severe earthquakes.

Further information on the effect of earthquakes on floating offshore structures can be found in
References [42] and [43].

Design principles (see 6.1)

The requirement for a two-level design check stems from the high degree of randomness in seismic
events, uncertainties in seismic action calculations, and the fact that design for seismic events of
abnormal severity on the basis of strength alone and without consideration of a structure's capacity to

A structurg designed to the ELE has a margin of safety for more severe events due to explicit pnd
implicit safety margins in design equations and due to its capacity for large non-linear deformatipns.
In order tolavoid repeating parts 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
document

Extreme ]

The seismi
structural

International Standards on offshore structures prepared by TC 67 (se€ Introduction). In developing

ELE design

a) The EIl

able to

b) The EI

likely ¢

The first ol
the second

In most c4
In these ¢

acceleration (time history) records:

The earthg
motion ha
records. Fq
that is refg
contributig

bf meeting both ELE and ALE performance objectives. The seismic desigmprocedures in
hddress the balance between the ALE and ELE design criteria.

bvel earthquake design (see 6.2.2)

c design of an offshore structure is primarily performed during an ELE evaluation w}
component dimensions are determined according to the{design equations in the reley

procedure, two objectives are considered.

this

lere
rfant
the

E design procedure and associated design criteria’should ensure that the structure will be

withstand seismic events of this severity with little or no damage.

E design procedure and associated design criteria leads to the design of a structure th
o meet the ALE performance criteria (see 9.2) with a minimum of design changes.

bjective can be seen as an economic(@oal in that it avoids the need for frequent repairs, w
objective is a safety goal.

ses, spectral acceleration «s\the controlling parameter in design of offshore structu
hses, the ELE design procedure may be specified in terms of seismic design spectr:

uake records for time history analysis are selected such that they represent the ELE gro
vard at the site. The best practice is to develop a minimum of seven sets of time hist
llowing a PSHA(see 8.2), the dominating ELE events may be identified through a proced
rred to as'deaggregation (see References [6] to [10]). In the deaggregation procedure,
ns of various faults and seismic source zones to the probability of exceeding a given sped

accelerati

Given the

|

aresidentified. The highest contributors represent the dominating ELE events.

dgnitude and distance of events dominating ELE ground motions, the earthquake recg

it is

hile

Ires.
ely

und
ory
ure
the
tral

rds

for time history analysis can be selected from a catalogue of historical events. Each earthquake record
consists of three sets of tri-axial time histories representing two orthogonal horizontal components
and one vertical component of motion. In selecting earthquake records, the tectonic setting (e.g.
faulting style) and the site conditions (e.g. hardness of underlying rock) of the historical records should
be matched with those of the structure's site. Although, if feasible, the records will match the target
event's magnitude and distance; further scaling of the records will be required to match the level of
ELE response spectrum.

Both amplitude scaling and spectral matching procedures can be used to develop suitable time history
records. The first option is a simple amplitude scaling of the record such that the geometric mean of two
horizontal component spectral ordinates defined as (H1*H2)1/2 produce a “best fit” to the horizontal
ELE response spectrum over a period band that exceeds the expected significant structural vibration
modes. The period band should extend above the expected fundamental period (to accommodate
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inelastic behaviour softening) and below higher modes expected to contribute to the seismic response.
The second option, spectral matching, uses Fourier amplitude modulation to achieve a close match to
the target spectrum without significantly disturbing the velocity and displacement histories. Spectral
matching techniques can provide a better estimate of mean response values; however, amplitude scaling
gives a better understanding of the potential variability of responses, thereby potentially identifying
brittle behaviour.

Abnormal level earthquake design (see 6.2.3)

The ALE design check is performed to ensure that the safety goals are met and that the structure can
sustain intense earthquakes of abnormal severity without loss of life or major environmental damage.

The

event.

In @
and
eve
Add
are

rder to ensure that the ALE design check is consistent with the safety goal, the' design
associated design criteria take into consideration randomness (Type I uncettainties)
hts and seismic wave attenuation, seismic action effects, and the resistance of the
itionally, systematic uncertainties (Type Il uncertainties) associated with’seismotectoni
considered. For example, these Type Il uncertainties are typically included in a PSHA mo

Car
of a

e is required to develop pushover load patterns that correctly place demands on critical ¢
structure and that are representative of a seismic excitation.

Selg
san

ction of earthquake records for ALE time history analysis and scaling of those records
e procedures as those outlined in the additional information on ELE design above.

ctral acceleration data (see 6.3)

he maps included in Annex B, the boundaries separating offshore zones of differe
blerations are generally the same for the 0,2 sand 1,0 s maps.

maps were developed[1] by combining published seismic hazard studies which
bination of broad regional maps andlocal studies. Among the 94 studies selected|
horitative and recent reference was-¢hosen for each region. The authority of a reference
iqrity over the publication date. Maps published by national research institutes such as Uy
logical Survey (USGS, e.g. Reference [12]) were given preference over publications by
res¢archers. Maps developed~by multi-national and multi-institution research organiza
as the ongoing work by Global Earthquake Model (GEM, e.g. Reference [13]) and Seisn
Harmonization in Europe\(SHARE, see Reference [14]), were given preference over nation
insflitute maps. For regions where recent and reliable data was not available, the 1999 Glo
Hazard Program m@aps (GSHAP, see Reference [54]) were used. The largest values of 1,2

safety goal is defined in terms of an upper limit on the annual probability of failure due fo a seismic

procedure
in seismic
structure.
modelling
del.

bmponents

follow the

(it spectral

included a
the most
was given
ited States
individual

fions, such

nic Hazard

h] research

bal Seismic

5 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

grolind motionshazard in areas of high seismic activity for the purpose of this document.

is understodd)that, in certain locations, site-specific studies can produce estimates of the

speftral accelerations that are significantly greater than these values. If the map spectral ac
arelin doubt in a given area, a site-specific PSHA should be undertaken.

However, it
1 000-year
celerations

SeismicTisK category (Se€ 6.4)

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 some regions,
the 1 000-year spectral acceleration at 1,0 s and 1 000-year PGA values will be of comparable intensity,
which should help users who are more familiar with PGA.

This document differs from the historical practice of directly recommending specific return periods
for the design events. Instead, a procedure is outlined where the return period of the ALE event is
determined indirectly from the target probability of failure and the results of a site-specific PSHA (if
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available). The ELE return period is, in turn, determined from that of the ALE event by considering the
capacity for large deformations that is inherent in a structure.

The procedure recommended for seismic design uses the target annual probability of system failure,
Py, as the starting point. This approach is different from load and resistance factor design (LRFD) codes
where the target probability of failure is assigned to the component level. Both the simplified and
detailed seismic action procedures are based on the concept that the ALE design should meet the target
annual probability of failure of the structural system. The recommended target annual probabilities are
listed in Table 2 and reflect the industry's experience in design of offshore structures for seismically
active regions. Probabilities different from those in Table 2 may be recommended for specific types of
offshore structure in specific regions

In a detailgd seismic action procedure, the designer may use P;values that are different than thp$e¢ ligted
in Table 2. [n a simplified seismic action procedure, the designer does not explicitly use Pg however)the
procedure [has been calibrated to meet the target annual probabilities listed in Table 2. Therefore|the
simplified seismic action procedure is applicable only if the designer accepts the target probabilities
listed in Table 2

Seismic d¢sign requirements (see 6.5)

The intens]ty and characteristics of seismic ground motions used for the design’of an offshore structure
may be determined either by a simplified seismic action procedure or from a detailed seismic acfion
procedureThe simplified seismic action procedure may make use of thégeneric seismic maps preseijted
in Annex B| regional maps, or site-specific PSHA results; the detailedyseismic action procedure requjres
a site-specjific seismic hazard study as described in 8.2. In bothprecedures, the return period of|the
ELE or ALK events may be estimated from the annual probability of exceedance using Formula (8] or,

alternatively, using Formula (A.2).

Soil classification and spectral shape (see 7.1)

The site sdjil class represents the properties of the local soils where the seismic excitation acts on|the
foundation|. These local soils effect the attenuationer amplification of seismic waves as they propagate
through the soil profile into the foundation. The'effective seabed can be taken nominally as the top 30 m
around thg location where most of the seismic energy is transmitted into the foundation. For surface
foundationjs, such as mat foundations for subsea structures, the effective seabed should be taken as|the
top 30 m df the seabed. For embedded foundations, such as spudcan foundations for jack-up rigs,|the
effective s¢abed can be taken as theltop 30 m below the vertical location of the foundation. For drjven
piles or suftion caissons, the seismic energy is transmitted along the length of the piles or caisspns.
Analyses chn be performed to-determine the location of maximum soil-pile interaction, where mogt of
the seismi¢ energy is transmitted. This location depends on soil conditions as well as the diameter and
stiffness of the piles or caissons. For typical offshore piled foundations, the location of maximum $oil-
pile interag¢tion is usually-dt a depth of 6 m to 15 m below the sea floor.

The preferjred method for determining the shear wave velocity is through field measurements. Hield
shear wavg velagity measurements can be obtained by a variety of methods[15l. Usually, shear wave
velocities pre ‘ebtained offshore from down-hole measurements in a single borehole The seid
source is d déwn
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 can be placed on the sea floor. If a sea floor seismic source were used with these
on-bottom arrays, shear wave velocity can, with suitable conditions, be interpreted from either seismic
reflection, seismic refraction or spectral analysis of surface waves (SASW) methodsl1¢l,

If direct field measurements are not available, then the shear wave velocity can be inferred from other
data acquired in a marine soil investigation. The shear wave velocity can be determined based on
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information from specific geotechnical laboratory testing, i.e. from the initial shear modulus, G, and
the mass density of the soil, p, as shown in Formula (A.1):
G
V, = |—max (A1)
p

Formula (A.1) 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.

The-initial shearmc S G . s - : 2 aborate
as the resonant column test, or it can be estimated from other soil properties obtained ffo
soillinvestigation. It should be noted, however, that estimating G
the[greatest degree of uncertainty.

max

For for both a
rou
stre
dep

strq

uncemented sands, Reference [17] provides empirical relationships for G g,

endent on the overconsolidation ratio, the void ratio, Poisson's ratio,the average effectiv
ss, and an empirical stiffness coefficient that can vary by as much@950 %.

For
rati
the
ran
whyd
test
clay

clays, Reference [19] provides an empirical relationship which’depends on the overco
p, the void ratio, the average effective confining stress, and\an empirical constant that
plasticity index. Results presented in Reference [20] fof otishore sites show that the v
pes from about 1 000 times to 3 000 times the undrained shear strength, s, of the so
re the undrained shear strength is based on in situ‘field tests, consolidated undrained
s, or unconsolidated laboratory tests corrected.fo¥ sample disturbance. Experience wi

The values presented in Table 6 and Table 7 are representative of the motion close to the s
[46]) For deep pile foundations, the effectivechorizontal and vertical input motions for dynan
would occur at a lower depth. Therefere, the effective motions can significantly differ

list¢d in Table 6 and Table 7. For deep-pile foundations, the soil amplification factors, C, an
recpmmended in Table 8. The values.ih Table 8 are independent of the intensity of the motio

Seismic action procedure (see:7.2)

The detailed seismic action-procedure is described in Clause 8. This procedure involves a
steps and associated checks to ensure that the objectives of the procedures are met. The
seigmic action procedure is derived from the detailed procedure by simulations using a ran
parpmeters and appropriately averaging the results. The main points of this derivation

summarized below.

from other soil propertig

hded particle shapes. This relationship depends on the void ratio and the atzerage effectiv
ss applied to the soil sample. A more recent expression is provided\ Reference [1¢

tests such
a marine
s will have

hgular and
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s indicates that G, can range from 600 times to'1 500 times the undrained shear strenjgth.

ea floor(12]
ic analysis
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number of
simplified
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In the simplified seismic action procedure, the design is based on seismic maps depicting spectral

acc¢leratiens with a return period of 1 000 years instead of on a probabilistic seismic haza
(PSHA).n order to generate the ALE spectral acceleration from these maps, two steps are r¢

rd analysis
quired.

a)

The spectral acceleration is changed from a return period of 1 000 years to a return period of 1/P;
to match the target probability of failure.

b) AnALE 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, and

— 2,0 for[C3structures.
Probabiligtic seismic hazard analysis (see 8.2)

The background to the PSHA procedure and the different elements have been developed in
Reference |22]. The basic approach to PSHA is described in References [23] to [27]. The PSHA is typidally
undertaken using special computer programs with input parameters that include the-following:

— definition of earthquake sources, either as faults or as area sources ofdiffused seismicity[not
directly attributable to a known fault, and also, a maximum magnitude is-assigned to each sour[ce;

— an annual frequency of earthquake occurrence as a function of magnitude, for each source;

— adefinlition of earthquake ground motion attenuation, includinga'probability distribution (typidally

log-nofmal) representing the uncertainty of the predicted ground motion at a site. The attenuation
ships are developed based on statistical analyses of‘historical ground motion records ffom
earthquakes occurring in similar geological and tectonic@onditions.

In a PSHA] the probabilities associated with ground metion values are calculated by combining|the
probabilitips of ground motion from many sources. Th€refore, the ground motion probabilities are{not
associated|with a specific fault or event. In fact, whjle it sounds conservative to use the expected ground
motion frdm the largest possible earthquake ocelrring at the closest location on the nearest fjult,
those valugs can be significantly smaller than@round motions calculated from a probabilistic metlod.
This possible outcome is particularly true(ifjthe largest earthquake on the nearest fault is associgted
with a shofter return period than being considered in a probabilistic method, or if the site is affe¢ted
by several [faults, each contributing téithe overall probability of exceedance. The opposite outconle is
possible when the return period ofthe’largest earthquake on the nearest fault is much greater than|the
desired reflurn period of the ground'motion.

The PSHA |procedure can he‘applied for the prediction of both horizontal and vertical components of
ground moftion. As an alternative, the vertical component of the ground motion may be estimated bgdsed
on established relation§hips for the ratio of vertical to horizontal spectral accelerations [see 7.1 d)].

The relatignship between the average return period (or inverse of the average recurrence rate) and|the
target annyial probability of exceedance for a Poisson process is shown in Formula (A.2):

-1 c
Treturn - ln(l—P ) LA.Z)
e

At the probabilities of failure being considered for seismic design, the difference between Formula (8)
and Formula (A.2) is negligible.

Seismic action procedure (see 8.4)

Given a target annual probability of failure equal to Pg, 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 resistance; these uncertainties are not captured in the seismic hazard curve and

30 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=d613712d6881d1f96c47d5539321d464

IS0 19901-2:2022(E)

invariably increase the probability of failure. The associated increase in the ALE return period will
primarily depend on two factors:

— the relative importance of these additional uncertainties (expressed by the logarithmic standard
deviation, oy y);

— the slope of the seismic hazard curve at Py, ag.

The procedure developed in Reference [28] has been used to calculate a spectral acceleration correction
factor, C., which would guarantee a failure probability of P for the design of a structure meeting the
ALE requirements. In the detailed seismic action procedure, the correction factor is applied on the
| shows the
3isjudged
ve, e.g. the

'y between
structures
actions or
| should be
i$placement
denpands) can be derived for and applied to those structural components with greater uncerftainties.

Table A.1 — Correction factor C_ for ALEsSpectral acceleration

Value of Correction factorfor a, equal to:
OLR 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

Using the spectral acceleration correction factors recommended in Table 10 or Table A.1, ong calculates
the|appropriate ALE spectral acceleration. The method in Reference [28] also allows one tjo calculate
corfection factors that are applied the other way round, i.e. on the annual probabilities off failure, P;,
insflead of correction factors@pplied on spectral acceleration. Table A.2 lists the calculated|correction
factors on P; as a functior of the seismic hazard slope for o,z = 0,3. Also shown in Tabie A2 (last
colymn) are the required ALE return periods for L1 structures assuming an acceptable annjual system
propability of failure of2/2 500.

Table A.2 — Correction factor on P;

ag P correction ALE ;fezuil/'rzl gggioda

1,75 2,12 5300

250 159 1000

2,5 1,33 3300

3,0 1,22 3100

3,5 1,19 3000
a  The resultant ALE return period assumes an L1
structure with Py=4 x 104,

In both simplified and detailed seismic action procedures, the ELE return period is determined such
that a balance exists between the ELE and ALE designs. Having this balance, a structure designed to
the ELE should have a high likelihood of meeting the ALE design demand. This criterion reduces costly
design cycles and meets the safety objective of the ALE.
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In order to determine the ELE design event, the appropriate ALE spectral acceleration is reduced by the
seismic reserve capacity factor, C,, that represents the available margin of safety for events beyond the

ELE. The ELE safety margin is due to the following:

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

nominal and best estimate material strength;

the robustness and redundancy of the structural system;

the abi

Because th
design, the|
the design
between t}
minimum 4
to highly r¢

In the det3
analysis is
of C,. can le|
On the oth
would easi

The requir
the econor
frequently
implicitly 3
can contro

Local site

Numerical
site-specif
of seismic

modulus, t
solution of]

it £+l £ 4. 1 £ i ol 1 1i daf, £3
TICY OT CIIC- ST atTUT ar 5y STCTIT CU-SUSTATIT 1At gC IO rcar OCTOT TITa troTrSs

e seismic reserve capacity factor, C,, must be established prior to performing the\seis
above margins of safety must be estimated from the general knowledge of the material u
process, and the structure's configuration. For fixed steel structures, the margin of sa

tructures with no redundancy and little or no ductility, while the higher,values corresp
bdundant and ductile designs.

iled seismic action procedure, the designer may assume any valte)of C, as long as an

ad to major modifications as a result of the ALE design check and, thus, costly design cy
er hand, a low estimate of C,. can lead to a conservative design (more costly to build)
|y meet the ALE design check.

ement of minimum ELE return periods in Table 11 should ensure that the design m
hic objective of the ELE and that the structure is‘hot susceptible to damage during 1y
occurring seismic events (see Annex A). The“minimum requirements in Table 11

ddress the safety objective of a design meeting the ALE requirements. These requiremsd
inregions where the slope of the seismic hazard curve, as defined by ag, is low (see Figur

response analyses (see 8.5)

Conventioy
order to d

soil sites,

the implicit safety margins in the design of a structure's components, e.g. the difference between

mic
ced,
fety
e ALE and ELE can range from approximately 1,1 to 2,8. The lower values of-C correspon(d to
ond

\LE
performed to ensure that the design meets or exceeds the ALE réquirements. A high estinpate

les.
hat

pets

ore

hlso
bnts
e 5).

methods using linear or non-linear models of the underlying soil are available to estinpate
c acceleration spectra. The site response analysis involves an evaluation of the propagat
hear waves through a stack:ef soil layers of specified soil type, shear-wave velocity or s}
ptal unit weight, and cycli€ strain-softening characteristics [2Zl. The analysis requires
equations of motion using strain-dependent dynamic properties of the layered soil colu]

—

on
ear
the

n.

the simpliffjed-procedure (see 7.1). However, it should be noted that amplification
the point ofaetiontnputinto-thestructuratsystemandnotneeessariy-elose A - deep
pile foundations, the effective horizontal 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 the vertical input motion may be assumed to be that at the pile tip.

red

The use of constant ground motions can lead to under prediction of bending moments along the piles.
Depth-varying input ground motions along the piles should be used to size the pile wall thickness as
the multiple support excitation can produce a better match of bending moments along the piles, when
compared to results of centrifuge tests[4Z],

Performance requirements (see Clause 9)
For some offshore structures, a seismic risk lower than that implied in the design procedure defined

in this document can be required. The accuracy with which low probability seismic events can be

32 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=d613712d6881d1f96c47d5539321d464

IS0 19901-2:2022(E)

predicted tends to limit the validity of extrapolating beyond the ALE seismic accelerations defined in
this document. Enhanced seismic performance can be best attained by enhancing the resistance to the
ALE event by designing to maximize the robustness and ductility of the structure.

For L1 structures, in addition to any consideration of an extremely rare seismic event (P << 4 x 10~4),
demonstration of survivability to the 4 x 10~% event listed in Table 2 is required, even if performance to
alower probability seismic event is shown to be acceptable. When site response analyses are performed,
different non-linear soil response can result with a higher probability event developing higher seismic
demands on the structure.
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Annex B
(informative)

Simplified action procedure spectral accelerations

The world regions shown in Figure B.1 are expanded with further detail in Figures B.2 to B.15 to

rovide S ctral accalaration valiiac for davalaning calciice racnancn cnactea Af Affch g tnctallads
p ppets ion-va i

These morg detailed maps[it] give generic 5 % damped spectral accelerations, expressed in g ofa x
outcrop for 0,2 s and 1,0 s oscillator periods for determining the site seismic zone (see 6.4) of‘an ¢
and for usd in the simplified seismic action procedure (see Clause 7).

NOTE 1

NOTE 2

lack of comjplete understanding or knowledge (epistemic or Type II uncertainties)~However, a site-spe
assessmentlis required by this document for any structure in which failure would have-significant conseque
and in which seismic considerations can affect the design.

34
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The return period selected for the development of the ground motion maps in this annexis 1 000 ye

It is recognized that there is some uncertainty in the values given in this anneX. This is due to

/
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Figure B.1 —Worldwide map showing regions for spectral response accelerations
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Figure B.3 — 5 % damped spectral response accelerations for offshore Central America
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Figure B.11 — 5 % damped spectral response accelerations for offshore Southeast Asia
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