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n the proposed seismic action model to be incorporated into the National Annex (NA) to Eurocode

8 (EC8) for Malaysia, the design seismic dactions for imponrtant built facilities are benchmarked on a

2,475 years return period (RP) earthquake action whereas the reference seismic action {notional 475
year RP) to be considered for ordinary buildings is the design action scaled by a factor of 2/3. Decisions
leading to the proposadl are expldined and terminologies clatified in the paper which draws frequent
references to the literature citing major codes of practices.
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INTRODUCTION

The decision on the retum pericd of the design seismic
acticns and the resulting design peak ground accesleration
value for buildings of different importance classes in different
parts of Malaysia, is a major item of consideration to be
discussed in this paper along with performance criteria for
buildings of different classifications.

STRUCTURAL PERFORMANCE CRITERIA AND
PARAMETERS FOR DESIGN SEISMIC ACTIONS

Performance Criteria
According o EC8 - Part 1 (CEN, 2004), building structures
shall be designed and constructed in such a way that
the requirements of (i) No Collapse (NC) and (iiy Damage
Limitations (DL) are met. The state of No Collapse is
essentially in dlignment with designing to the ultimate limit
state which entails the protection of life in a rare sarthquake
event, by ensuring that no part of the structure collapses
and that adeqguate residual lateral resistant capacity of
the structure remains affer the event to withstand strong
aftershocks should these cccur The safsty of the occupants
can be assured, but the built facility can be inhabitable or
the damage can be Too costly to repair.

The “no collapse”, or “no local collapse”, design criterion
as described, is comparable to the "life safety” performance

criterion as defined in SEAQC Vision 2000 document (SEACC,
1995) in the United States and the “significant damage”
(8D} perfermance criterion stipulated in EC8 - Part 3, which
contains provisicns for the seismic assessment and retrofitting
of existing buildings. The No Collapse performance criterion
is not to be confused with the “near collapse”, or *collapse
prevention”, performance critericn of SEAQC Vision 2000
which is about ensuring that the building is able to sustain
sufficient vertical load camying capacity in a very rare
earthquake event when the structure is on the verge of
wholesale collapse with little or no residual lkateral resistance,
and scme faling hazards may be present (Booth, 2014;
Fardis, 2009).

The Damage Limitations (DL) performance  criterion,
which comespends to the service ability limit state criterion (in
the conventional limit state design approach), has alsc been
written info both Part 1 and Part 3 of EC8 and is infended to
address the damaging potentials of frequent or occasicnal
earthquake events in the design of crdinary buildings. The
DL performance criterion is comparable to the “immediate
occupancy”, or “operational”, performance criterion of
SEAQC Vision 2000 which is to ensure nc permanent drift and
no loss of lateral strength and stiffness of the building structure.
The built facility is then fit for continuous cccupation during
the recovery pericd and the functlionality cf the building will
not be interrupted significantly by repair activities. In regions
of low or mederate seismicity that are remete from fectonic

Table 1: Performance Criteria of Building Structures

Eurocod Eurocode SEACC DaicrbRani
8 part 1 8 part 3 Vision 2000 P

Fully Cornpoenents that are sensitive to diift and/or acceleration remains fully functional
Operational in a frequent event.
Damage Damage Opercmonlql No permnansnt driff and no loss of lateral strength or stiffness of the building. The built
2. R b or Immediate = § - : PR :
Lirnitation  Linnitation : facility remains 1o be fit for confinuous cccupation in an occasional event.
Occupation
No part of the structure collapses and adequate residuadl lateral resistant capacity
3. (O Significant life Safe remains in the structure after a rare event o withstand strong affershocks in order
' Damage thart safety of the occupants can be secured but building may be inhabitatkle and
repair foo costly.
CO"GDS? Structurs is able to sustain sufficient vertical load carrying capdcity in a very rare
No Near Preventicn ; ;
4, earthgquake event when the stiucture is at the edge of wholesale collopse. Residual
Collapse  Collapse or Near : : R :
Collapss lateral resistant capacity of the building might have been lost.
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plote boundaries, only e orvens e eat houobe events o of concem. 32, the DL
performonce critencn need not be checled in such on envitenment except for built
focilities fomiing port of lifeline facilities in the aftermnot b of anecthguake decster or
Euildinge containing hoaordous mctericils.

[eferto Tabke 1 for o summicn of the performonoe citeno of building stnoctunss
s = fined by the twe pofs of BC8 ond the SEADC Wil n 2000 document.

Bowameters for design sesmic acfions

In the secticn, recommendotions for the volue of the return pened of s=Emic
octicn: ond PSA values for buidings of different impoetoncs cloesees and the
Eehovic ur foctor are discussed. The return peiod of the coeidered seismic octicons
thot are aligned with the No Celopee (NC) perdomicncs criternicon, B to be decided
on o countny-byv-countny bosk, given thaot focto s oeverning such o deceicn woulkd
imvo ke socicl, economic and politicol oo nsideroticons. Thus, the retum percd for
the MO perdormones chtencen iz to be specified in the reepective Na of the countnye .

It B stoted in the footnete ottoched to Clouse 2.1 in BS& — Paort 1, that ground
metien intensity in o mire eathguoke event consetent with o 10% chone=
of exceedonce for o design lite of 80 yeor (e return pericd of 475 year) &
recomrended oz the desion s=emic oction. |wos neted that the rcommendoticn
wicle dmifted in the obe 1990, ot o time when i wos still the norm o not consider
return penods excesding 475 years in the desion of structures suppoting crdinony
Euikings (Booth, 20140 Imnplict in the N2 pedformonce citerion & that the Buiding
B expected to howe sufficient cdditicnal reserve copocity to sustoin o weny
mine, cnd extreeme, eathguoke event without experencing wholesole collbpe=
(Foindlis, 20077,

Seemic design proveicn: crund the werkd hove evolred cwer the decodes,
during which tire experiencs goined through field cbeeriaticons from plooces like
Calfornic, heree been talen into ococunt in numensus code eveicns. Inosuch an
envirznment doeminoted by octive fauks, the intensity of greund shaking is ine reozed
by o foctor which B slightly grecter thon 1.5 os the retum pencd iz increocsed from
475 year to 2475 vears (kong, 2014). Code compliont constructions thot homwe
Eeen designed to fulfil MC percrmonce crtenon are expected to hove sofficient
cicditicnol| reeeree copocity to cles fulfil oo llopse prevention oritericn when sub ject
te seismic octiors that cre 1.5 times the desion kevel Despite thie morgin of sofety
frem collapse that is implict in oonte mpemany proctices, mojerecthguoke deceters
in reces nt years, insluding the 1998 Kobe eathouolke in Jopon cnd the 2008 Schuon
eqrthgquoke in CThing, prompted o critical eview of the odeguocy of thie ong
establehed convention of designing to o return peicd of 475 yveors (Teong, 201 10

In regicns of Ew of mode oite seemicity fwhe e eathguokes cozurinf ieoue ntly
crd cctiee foulte are difficult to identife), arcund shoking intensty otie that B
cisccioted with an insreces in return pericd from 478 yeors o 2,478 veas, con be
esonioted o o volue much greater than 1.5, A foctoryorying between 24 and S B
predicted for eathguokes in an intropiote envircnment (Bong, 2014, SGecssenos
Austrolic, 2012 Siven these predictions, buiking stustures desioned on o eturn
pencd of 478 yveors to fulfil WO pe formancs cntensn in an intopkote envirenment,
wio Ul not automoticoly posses odequote oddite nol reserye copocity o preyent
o loipee in o weny e event.

The trend of moving crwoy frzm the conventional proctice of Sesigning (o o
return pericd of 478 yvear wee intticted By the influenticl FEM A4S0 doccurment (B2C0S,
2003 which woe to guide the desion of new Buildinog in the United Stotes, The
desion ek mic octicn wos recommended 1o be boged on o maximum core idened
et houokes (MCE)of 2478 vear, sodled dow n by o factorot 293 (reciprooalcf 1.5).
Thie sooling foctor oon e interpreted o the morgin between the stote of MO and
czlopese prevention of the structure in order thot ocode complicont Buikings oon
cihwciys be o ured of the copacity to prevent colkpese in o weny rone ecthouc e
e nt,

The 2005 edition of the Noticnol Buiding Code of Conada (MRETC, 2008
increcged the return penced friom 475 year to 2475 year without copplying o scoled
dowen foctorof 203 (Mitchell ef of . 20100 but o genencus 2.5% dritt imit, which wos
corektent with the Colkpese Presention performance cnte o n, wos specified. The
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NA to EC8 for the United Kingdom (BSI, 2008) also specified a return period of 2,475
yvedrs to overnide the recommendation of 475 years in EC8 — Part 1 (CEN, 2004)
for designing 1o No Collapse (Life Safe) performance criterion, which was more
stringent than requirements in Canada.

In perspective, a design return pericd of 2475 years is actually not overly
conservative, given that the annual fatality risk of an occupant in a building which
has been designed to a return period of 2,475 years is of the order of 10-6, which is
consistent with involuntary fatality risk affecting building cccupants in other types
of natural disasters (Tsang, 2014),

In view of the facts presented in the above design, seismic dctions
presented in terms of PGA vdlues on rock sites are recommended hersin for
various importance classes of buildings as summarised in Table 2 for Peninsular
Malaysia, Sarawak and Sabah. It is shown that all built facilities of importance
class IV, including hospitals, emergency services and other lifeline facilities,
are to be designed o a return period of 2,475 years to fulfil NC performance
criterion in order that these facilities are safe o occupy in the affermath of
very rare event as well as fit to continue to operate in more frequent events.
Reference seismic actions to be considered in The design of ordinary buildings of
importance class |l in Peninsular Malaysia and Sarawak, are accordingly based
on d reference PGA value of 0.07g (being 0.19/1.5) which provides adequate
protection of ordinary buildings from collapse in a very rare earthquake event,
By inferpolation a design PGA of 0.08g is stipulated for buildings of infermediate
class Ill such as condominium, schools and public buildings which can house a
large number of occupants at times.

Tabfe 2: Design PGA on rock sites for Peninsular Malaysia, Sarawak and Sabah.

Imporknce A
Imporcnce Recommended Building : 2 .
Class Fﬂﬁfﬂl. Calegoties Notional design PGA, a, (g's)
/1

Peninsular
Malaysia and Sabah
Sarawak
0.8  Minor constructions 0.06(0.8x007 1001%3 t
Ordinary buildings (individual  0.07 Reference o+ 12 Reference
: : : : PGA
I 1.0 cdwellings or shops in low rise PGA (notional :
buildings) A5 ensih || (NEiHiona &/2
years RP)
Buildings of large occupancies
(condorniniurns, shopping 0.14 (1.2 x
I 12 cenlres, schools and public 0.08 (1.2x0.07) 0.123
buildings)
Lifeline built facilities (hospitals,
ermergency sernvices, power 0.10(2.475 0.18 (2475
I/ 1.5 o
plants and communication vecars RP) yvecars RP)
facilities)

sSeismic actions 10 be considered for design purposes for any building class
at any location in Malaysia are to be derived from the benchmark model based
on a return pericd of 2,475 years and then scaled down in accordance to the
respective design PGA value as listed in one of the Tables. The dllowed interstorey
drift limit is 1.5% 1o fulfil NC, or life safe, performance criterion.

The proposed seismic actions to be considered for the design of built facilities
for Peninsular Malaysia and Sarawak are less stringent in many ways than those
adopted in Canada and in the United Kingdom where ordinary building structures
are to be designed 1o d return period of 2,475 years, and can be described as
compdadrable 1o the planned revision to the Australian Standard which stipulates
a minimum design PGA value of 0.08g for ordinary buildings imespective of results
from updated probabilistic seismic hazard analyses.

Finally, a behaviour factor (q) is To be sfipulated o fake info account the
capacity of the structure at the member level 1o withstand seismic actions beyond
its notional capacity limits. The elastic spectrum is o be scaled down by the factor
of 1/ginfo the design spectrum (refer Clause 3.2.2.5) for linear analysis, from which
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the deplic=rents shall Be muoltiplied by the displocs e nt
Eehorvicur fostor g (mesumed equal 1o g unkess ot henwiss
specified) (referClouse 4.2.4)

Fer dormoge limitotion reouirement (e, Bwel 2 in Tabke
1), whilke it B deemed to sotefy for Tl | e Il Buikings, onhy
Zoes IV Buidings need o be checled in the cokulbtion of
infe mhorey dlnfte o, (orde fo mnoticn . With ik line fosilities such
s o hespital (o cloes 1Y Building), nenstructuml instollcticns
rnust oo be desigredtoo RPof 475 veors (e, 10% probobility
of exceedoncs in o lie spoan of 80 years) to ensure that the
functicrality of the focilty B net significonth compromised
by ecthoguolkes. The level of ground shoking s net to be
cenfleed with thot eed for checking N complonos of
e || structures, which B Bosed on o notional RP of 475
veos (Being 202 of the intensity osocioted witho RPof 2478
veor by definiticon). The reduction focter for disploics e nt
cfw =05 B o talke into coccocunt the diffe rence between the
twio levels of inhe neities (efer Clouss 4.4.23.2).

In the Aostrolicon Stondond (a51170.4, 2007, the
cdditionol copacity o withstond seemic acticns B e bed
infe the perdomoncs foctor (5 which tokes inte oooount
centibuticne frem the cverstrength of motencok cand the
structumil systermn ce o whole in sustaining  =earthouolkes
oenemrmted oteral fonces whe reos the ductility mitic (w) tolkes
inte oo unt contibutiens from the abilty of the stuctore to
deform in o ductile monner (AEES, 20070, The value of 5. &
toiken by defoult oz 0.77 cnd the volus of p B tokenos 20 by
defoul ferlimited ductile reinforsed concete stroctunolstesl
orozmposite stuctures which employ oo norete ond stesl oz
censtruction motedals. The compesite foctoref 2.8 (being uf
Spor 2077 thet B used o defoult design value in A ustmlic
con be compored to o sliohtl owern, o ooreenotive, o
wolue of 20 recommended in the Mofono! Building Code
of Conada (METT) sincs e 2005 edition. Sieen thot the
defoult gwalue stipuloted in the MA for Singopere B 1 .5which
iz e nektent with reczrmendoticn: By BC&, members of the
study group howve ogreed to thie figure for uss in Molkysio,
pending further studies in the future to justity o higher volue,
A ool study (Thiong ef ol 2012 evecked that the mean
strenoith o chommcteretic strenofh rotice of thousonds of
concrete cube fests up o grodke A0 in Maloysio wee 1.2,
wihich justified the ecommendotion forover-strenoth foctcrn
The inherent ductility of concete stuctures is conse reot rehy
cssurmed as 1,28 to arfve af o g value of 1.5 in totality, The
recommended ond defoult volues of g that & stipulcted
in regulctcn docurments in countries of ow o modemite
sl micity for limited ductile structures are leted in Tabke 2

Tabk 3 Feconar emded amd ob Bl vaes ofbela wourBcorg B feded obolile

Schies.
f Eehaviour
1.25 1.5

: Propoeed
hctionsic Mt M5 1.2
Euncpe Euncooe &
i M fo 55 1.5 1.0 1.5
oincaoic MBI 1.3 1.5 20
A et oy A4 1.3 20 28



COMMENTS ON THRESHOLD OF LOW SEISMICITY

EC8 recommends an upper threshold value of a; = 0.78 m/
¢ for low seismicity, which is based on a RP of 475 years. As
the hazard level of Malaysia is benchmarked on a 2,475 year
RP, such thresheld value has been scalked up by the actual
demand ratio of RP 2,475 years to 475 years which is equal
to 2.4 (Lam et al, 2015). Hence, a value of a; = 1.87 m/¢ for
a RP of 2,475 years shall be adopted as the upper threshold
values for low seismicity, while the whole of Malaysia can be
classified as low seismicity.

EC8 recommends an upper threshold value of g, = 0.39
m/s* for very low seismicity, which is based on a RP of 4756
years. Likewise, a value of a; = 0.94 m/s? for a RP of 2,475
years can be adopted as the upper threshold value for
very low ssismicity. Hence, no part of Malaysia is classified
as very low seismicity. In other werds, no parts of Malaysia
sheuld be put info the "ne requirement for seismic design”
category. In an intraplate region like Malaysia, areas that
have never experienced earthquake fremors should not
be autcmdtically declared free of local earthquakes in the
future. That is an unsafe assumpticon to make.

CONCLUSION

i. Lifeline facilities, including hospitals and infrastructure
in support of emergency services, are to be designed
to fulfil “no colapse” (life safe) performance criterion
for a retum pericd of 2,475 years. Lower dssign seismic
actions are recommended for buildings of other
importance classes.

ii. Response spectrum to be used for design purposss, is
scaled in accordance with the considered notional
design peak ground acceleration values on rock sites
which vary betwesn 0.06g and 0.10g for Peninsular
Malaysia and Sarawak and between 0.10g and 0.18g
for Sabah for various importance classes and return
pericds. Exact values as presented in the tables
depend on the imporfance classification of the
building.

ii. The allowable interstorey drift limit to satisfy no collapse
criterion is recommended to be 1.5%.

iv. Design actions af the member level, such as bending
moments and shear forces, are to be scaled down by
1/g where g is the behavicur facter. Members of the
study group have agreed to the dsfault value of 1.5
consistent with practice in Singapore but larger values
could be adopted. The default values adopted in
Canada and Australia are higher.
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Notations
S5 performance factor
Ay notional design peak ground accsleration on rock
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d: design interstorey drift

o] behaviour facter

Qa displacement behaviour factor

v importance factor

H“ ductility ratio

v reducticn factor for interstersy drift limit associated

with the damage limitation requirement. W
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