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ABSTRACT

Eurocode 8, B EN 19981:2004 is specifyingClassll ordinary buildings
shall bedesigned tanterstory drift limit with displacement reduction facter0.5 at
damage limitation.However, Malaysia National Annex, MS EN 19982017 is
specifying a more linear requirementhereno damage limitation limit state check
required forClass Il ordinary buildingsHistorical events and past studies showed
that Mdaysia is expose to great seismic risk unglath longdistance and near fault
earthquakePast researches reported that low dud®i@ frame with infilled walls
and ground floor soft story has greater tendency to experience brittle failure in
vertical elenents. This is due to strong column weak beam and excessive story drift.
This study investigateseismic performance agsidential buildings built withow
ductile infilled RC framewith drift uncontrolled in MalaysiaSesmic performance
(plastic hinge drmation, base sheatisplacementstory driff) of structural elements
(columns and beams) and nsinuctural elements (infill wallwere investigated
using nonrlinear static pushover analysidt performance point, only immediate
occupancy, 10 plastic hges founded in column and beams for all buildings cases
which implies that seismic performance of buildings are not affected by storey, drift
controls and solil types. At performance point, formation of collapse prevention, CP
plastic hinges in infill wa are significant in drift uncontrolled building than drift
controlled building and on soft ground relative to stiff ground. In short, results
indicate that after a design earthquake, vertical and lateral force resisting systems of
all buildings studied tain nearly all their prearthquake strength. However, infill
walls experience extensive damagecording todamage performance evaluatidn
7 and 10 storyow ductile RC frame with infilled walls and ground floor soft story
with drift controlled anddrift uncontrolled conditions,ClassIl ordinary buildings
built on stiff soil and soft soiin Malaysiaare not achieving intended targeted
structural performance level required, life safety under design earthquake.
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ABSTRAK

Eurocode 8, BS EN 1998 2004 menetapkan bangunan biasa Kelas Il akan
dirancang untuk had drift antara tingkat dengan faktor pengurangan anjakan, v = 0.5
pada had kerosakan. MS EN 1988015 menetapkan syarat yang lebih linear, tidak
perlu pemeriksaan keadaan had kerosakankumémgunan biasa Kelas Il. Sejarah
dan kajian terdahulu menunjukkan bahawa Malaysia terdedah kepada risiko gempa
bumi akibat gegaran jauh dan gegeran tempatan. Penyelidikan yang lalu melaporkan
bahawa kerangka RC mulur yang dilengkapkan mengalami keroseka#n dan
rapuh secara tibba dalam elemen menegak kritikal utama kerana kesan tiang
lemah rasuk kuat dan pesongan berlebihan dari tingkat lembut. Kajian ini
menyelidiki prestasi bangunan kediaman yang dibina dengan rangka RC diisi dengan
mulur rendahtanpa kawalan drift di Malaysia. Prestasi seismik elemen struktur
(tiang dan rasuk) dan elemen bukan struktur (dinding pengisi) disiasat menggunakan
analisis tolakan statik bukan linier. Hasil kajian menunjukkan bangunan 4, 7 dan 10
tingkat dengan mulur relah lembut tingkat tanpa kawalan drift dibina di atas tanah
kaku dan tanah lembut, setelah gempa bumi, tiang and rasuk mempunyai hampir
sama kekuatan pigempa. Tetapi, dinding pengisian mengalami kerosakan teruk.
Sesuai dengan penilaian prestasi kerasad@aripada ASCE 406: 2007 struktur
perspektif anggota struktur (tiang dan rasuk) dan anggota bukan struktur (dinding
pengisi), 4, 7 dan 10 tingkat dengan mulur rendah lembut tingkat dengan dan tanpa
kawalan drift dibina di atas tanah kaku dan tanah lentllak mencapai tahap

prestasi struktur yang disasarkan, keselamatan nyawa setelah keadaan gempa bumi.
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CHAPTER 1

INTRODUCTION

1.1  Research Background

Before the incident of 2004 Indian Ocean Tsunami and 2015 Ranau
Earthquake Malaysia is believed to be a country free from natural disaster. However,
in 2001,Malaysian Seismological idision reported that West Malaysia (Peninsular)
and East Malaysia (Sabah & Sarawak$ susceptible to earthquake tremor from

neighbouring tectonic plate and local fault respectively.

Peninsular Malaysia is situated on a tectonically stable Sunda Plate.
However it is located nears to 2 seismically active plate which is Indiastralian
Plate on the West and close to Eurasian & Philippine Plate on the East. Peninsular
Malaysia is located 30600 kilometers from the very seismic active Sumatran
SubductionZone as shown inFigure 1.1 and Figure 1.2. Figure 1.2 shows that
multiple earthquakes with magnitude Ritcher Scale up to 9.0 Mw has been happened
up to year 2000 was originated from Sumatran Subduction Zone and Sumatran Fault
(Rosaidi, 2001). Building in Penang, Ipoh, Johor Bahru, Port Klang andh Kua
Lumpur and Selangor been shocked by thesé&dhr earthquake. Evident to former,
The Star newspaper reported that at least 800 residents of 2 blocks of condominiums
in Johor Bahru were evacuated after tremors were felt in March 2016. Over 5500
residemts at multiple highrise apartments in Kuala Lumpur, Malacca and Johor
Bahru were evacuated after tremors from massive earthquake happened tmm Wester

coast of Indonesia’s Sumatra island on September 2017 (The Star, 2017).



INDIAN
OCEAN

400 km

]';

émlyr >
INDIAN-AUSTRALIAN PLATE :’ ’

PHILIPPINE SEA
PLATE

10 cmlyr
54y PACIFIC

Vg PLATE

" CAROLINE -

~PLATE
10 cmlyr

105°E

LN

Figurel.l Tectonic Plate of Southeast Asia (Tongkul, 2018)
@
pmens  95°F. ) 100°E e (05°F o ‘,snh e
SO . 1 ¥
¥ West Malaysia S{w 1o '“'I —
1976 (6.3) M e . — 1 e y
1969 (6.4) B |
L I e
1995 (6.1) s T
1 - 1971 (63) \_‘- .
- 1984 (6.3) 1998 6) X Y —
il L 1926(6.7) | Sumatra f§ N—. ‘. .l =
1972 (5.6) N =
1833 (9.0
1914 (7.6)
N June 2000 (7.8) < o
. * v Y « | \
* g S L e
I _ RSN
Lagend: Lagend:
Maximum Observed Intensity (MM scale) experienced in western part of West Malaysia Maximum Observed Intensity (MM scale) experienced in western part of West Malaysia
O 1 . m O v . v . Vi O n . il O Y . v
Plate boundaries 1i4_ Sumatran Fult ~———  Platc boundaries —#__4
(@) (b)
Figurel.2 Maximum observed intensity (Mw scale) experienceWiestern part

of Peninsular Malaysia due ta) From Sumatran subduction zone (b) From
Sumatran fault (Rosaidi, 2001)

In 2015, a researchwas ©nducted by Sun and Pan reported tlaatfield

earthquake wave from Sumatra is expected to be amplified by soft surface materials

and posts serious damage to buildings in Peninsular Malaysia. The similar

phenomena of distant earthquake wave amplified by soft soil basin was happened to

Mexico City onyear 1985 which caused 4000 people lost their lives, 100,000 people



were left homeless, 400 buildings were destroyed, and 3200 buildings were damaged
(Mayoral et al, 2019)

In year 2013, Aminaton et al. reported that Peninsular Malaysia was
experiencing loal earthquakes since year 2007 as depictdéble 1.1. These local
earthquakes were believed from reactivations of ancient inactive fault resulted of
intraplate stress built up after 2004 Indian Ocean Earthquake with magnitude Mw
9.1. Therefore, Peninsular Malaysia is regarded expofar tiield earthquake as it is
occasionally affected by earthquake tremors from Sumatran fault and Sumatran

SubductiorZoneand also local fault earthquake.

Tablel.1 Local earthquake occurrences in Peninsular Malaysia (Aminaton et
al., 2013)

Date Case Location Number of Earthquake

20072009| 24 | Bukit Tinggi, Kuala Lumpur 24

2009 4 Kuala Pilah, Perak 4

2009 1 Jerantut, Pahang 1

2009 1 Manjung, Perak 1

2010 1 Kenyir Dam, Terengganu 1

2012 1 Mersing, Johor 1

East Malaysia, Sabah & Sarawak were repottedexperienced fafield
earthquake from Southern Philippines, Straits of Macassar, Sulu Sea, Celebes Sea
and earthquak&om active local faultFigure 1.3 showsthat Sakah was structed by
multiple earthquakemducedfrom local active fault with magnitude of Ritcher scale
3.0 Mw to 6.5 Mw between year 1995 to 2085highlight from Sabah earthquake
history, asevere earthquake with 6.0 Mw was happened on June 2015 at Rhisa
caused RM100 million damage and 18 peopekre killed due to rock fall (The Star,
2015).
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Figurel.3 (a) Regional tectonic map of Southeast Asia (b) Topography of Sabah
of recorded earthquake agdomorphologically evident active fault in the region
(C.Alih andVafaei, 2019)

East of Sabah is exposed to risk of tremors originated from Southern
Philippines and Celebes seahis is evident by aecent reportfrom The Star
newgaper, wher@n October Q18 about24 earthquakes with magnitude of 4.4 Mw
to 4.9 Mw have struck Mindanao, Sulawesi and Mihahass which these area is nears
to Sabah. At theame period, a 1.2 Mw local earthquake struck Northeast of Ranau

as marked as depictedkigurel.4.

Figurel4  Earthquakes near Sabah (The Star, 2018)



Furthermore, the Eurasian Plate includes Sundatarti South China Sea
Basin is moving soutleast at a rate of about 4 cm/yr. The Indbarstralian Plate is
moving north a rate of about 7 cm/yr. Philippine -Beaific Plate is moving north at
about 10 cm/yrMovement of tectonic plate on Southeast Ag& shown inFigure
15. The relatively parallel plate motion of the tectonic plates is largely
accommodated by lateral strisép faulting across the Sumatran fault and with
recent geomorphic analyses implies that Sabah is likely affected by this contractional
tectonic and seval local micro faults was generated due to this movement (Felix
Tongkul, 2018§.
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Figurel.5 Tectonic Plate of Southeast Asia (Felix Tongkul, 2018)

Research findings show that Malaysia is surroundeddigmically active
plate, phenomena of distant earthquake wave from Sumatra to West Peninsular
Malaysia will be amplified by soft soil, local active fault line founded in Peninsular
& East Malaysia Severalearthquakehistorical events suggest thalaysa is not
foreverimmune to seismic risk. Earthquake impacts to existing buildings and new
buildings in Malaysia should such event occur may also be tremendous due to the
countries’ in general lack of earthquake preparedness and resilience (Fakhrul et al.,
2009. Therdore, Malaysia is exposed to potential severe damages due to earthquake
including injury to victim, loss of lives, physical damage to building structures,
infrastructures, environmental changes, negative impact to socioeconomic and

others.



1.2 Problem Statement

Due to rarnty of strong earthquakan Malaysia,lack of building earthquake
resistant requiremers emphasized by local authority. Moreover, magtdings in
Malaysia isgeneally designed accomdg to gravity design code (BS 8110, MS EN
1992) and wind design code (BS 6399, MS EN 198ith low ductile detailing
considered in theiconstruction C.Allih andVafaej 2019).

Seismic design code EN 1998Design of Structures for Earthquake
Resistancg Eurocode 8 (ECB8)is available since year 1994 witiNational
Determined Parameters (NDP® left open for local national choices due to
differences in geological, geographical conditions, design cultures, and others.
However Malaysia National Annex refamee to BS EN 1998/as notestablishedor

building desigruntil year 2015.

In year 2015Malaysia National Annex reference to BS EN 1493004,
Part 1. General rules, seismic actions and rules for buildingsuldished by
Technical Committee of Earthdke under Malaysia Industry Standards Committee
to provide appropriate seismic design parameters to Malaysia building engineering
industry. Information of 56 NDP$s published in Malaysia National AnnédS EN
19981:, 2015 by Technical Committee to suitdfysia seismic design condition.

A highlight of finding from comparingdesign code oBS EN 19981: 2004
with Malaysia Natnal Annex issignificant difference founded irequirement of
damage limitation considering buildingterstory driftlimit asshown inTable 1.2.
EC8 is specifying all builling class shall beesigned complying withnterstorey
drift limit in clause 4.4.3.2 with displacementuetion factorv at damage limitation
state accordinglyWhile, Malaysia National Anneis specifying thabnly classIV
buildings lifeline-built facilities specified inTable 1.3 requiredto be designed for
interstory driftlimit at damage limitation limit state based on a return peoiod75
years andv = 0.5 is to be adoptedConcern of whether building clags II, Il
designed accordance kalaysia National Annewvill still achieve intended targeted
structural building performance, life safetgyderdesignseismicis spurred.



Tablel.2

Reduction factor for buildingigplacement at damage limitation state,

Malaysia values for Nationally Determined Parameter (MS EN-19983017)

Nationally
' Eurocode
Clause Determined _ Malaysia’s Decision
Recommendation
Parameter
4.4.3.2(2)| Reduction factory | Classl andll: v= | Only ClasdV buildings
for displacement at | 0.5 need to be checked for
damage limitation | Classlll andIV:v | damage limitation limit state
limit state =04 based on a return period of
475 yearsV = 0.5 is ot be
adopted
Tablel1.3 Classification of building importance class (MS EN 1992017)
Building Recommended Wlding Categories

Impottance dass

I Minor construction

Il Ordinary buildings (hdividual dwellings or shops in low rig
buildingg

Il Buildings of large occupancies (condominium, shopy

centres school and public buildings)

Lifeline built facilities (Hospitals, emergency services, pov

plants and communication facilities)

Most of residential buildings in Malaigs featured with open spaggound
floor to facilitate driveway and parkingnfill wall s aboveground floor generallare
not adequately separatedom reinforced concretdrame which contributeto
unintended lateratiffness to a buildingThese infill walls are usually considered as
nonstructural element and anetincludedin analytical model¢Konstantinos Kand
Asimina A, 2019)Absence of infill wall at grounfloor coupledwith nonstructural
infill wall s at upper floordeads to diferentiate stiffness and strength between the
upper floors and the open space ground floor. The aforementioned contdims

causedateral displacements mostly concentrate on their first floor rather than being



distributed abng height of the structur@C. Alih andVafaej 2019).Subsequently
building inter-storey drift affirst floor is expected to be detriment greatshown in

Figurel1.6 due to building vertical irregularitynamely sofstorey effect

Stiff upper storeys:

Small displacement between<
adjacent floors e pe

Soft ground storey:
Large displacement between
foundation and first floor

Ground storey columns severely stressed

Figurel.6 Soft storeyeffect

Soft-story building that caused significainter-story drift issue oftenrigger
the question ofnecessityconduct interstory drift check accondg to limitation
requirementor all bulding class rather than ClaBg building, lifeline facilitiesonly
as per requirement iMalaysia National AnnexTherefore,the aforementioned
condition has initiated the research to investigaismicresponse of local common
low ductile infilled multistorey residential building (Clasy with ground soft story
feature that built on soft soil and stiff soil treat also susceptible to deep soil effects
The drift uncontrolled frames to be investigated are designed to Malaysia National
Annex to EC8in complying with damage limitation requirement and achieve

intended targeted structural building performance, afety.



1.3

b)

14

b)

d)

Research Objectives

This studyis initiated on following objectives:

To investigate the failure mode and plastic hinge formation in the ground
soft-storey RC framedbuildings designed in accordance wilie Malaysian
National Annexto EC 8 (Drift Uncontrolled) and EC 8 (Drift Controlled)
respectively

To calculate the drift demand and capacity of groundsofey RC framed
buildings designed in accordance with Mal@an National Annex to EC 8
and compare it with EG.

To establish seismi design recommendation for ground ssifiey RC
framedbuildings designed in accordance with the Malaysian Nakidnnex

to EC8

Research Scope

The studyis focusng on following scopes:

4, 7, and 10 storeys of RC frame residential buildings (Glassith regular

in plan & elevation configuration and with grousdft storey.

Each building comprises of 5 bays2bm & 6m span (saxis) and 3 bays of
5m span (yaxis), and typical story height of 3m except for the ground story
having height of 4m. Theotal height of building is 13m, 22m and 31m

respectively. Building layout is shown gure3.2.

Masonry wall lift shaft is included for 7 and 10 storeys building as it is common

to have elevator in building greater than 4 storey.

Low ductile ground sofstorey reinforced concrete (RC) infilled framed on
soft and stiff soil accounting deep soil eftfecesigned in accordance
Malaysia National Annex to EC8D(ift Uncontrolled and EC8 Drift
Controlled respectively in Peninsular Malaysia.



9)

h)

1.5

Horizontal elastic response spectrum of ground typgStBf soil) and D
(Soft soil)for Sabah with 5% dampingd peak ground acceleratiddGA of
0.16gin MS EN 19981:201L7 were considered in building analysis.

Low ductile building structures designed and detailed under envelope load

combination of following:

a. Gravity (BS 811601997) + Wind (MS 1553:2002) + Seism{BS EN
19981:2004)

b. Gravity (BS 81161997) + Wind (MS 1553:2002) + Seismic (MS EN
19981:2005)

Compressive cube strength of concrete, fcu (MPa):

a. Beam and slab = 25
b. Column =30, 35, 40, 45, 50

Yield strength of reinforcement, fy: 460 MPa.

Significant of Research

Significant of this study igprovidad a brief finding whether lowductile

residential building (buildinglassll) with groundsoft storeyin Malaysia designed

to Malaysia National Annexvithout considering drift limitcan achieve intended

targeted “life safety” structural building performance, under designseismicload.

Findings of this studyis useful to Department of Standards Malaysia to

evaluate whether it is necessamytighten current requirement in Malaysiational

Annex reference to Eurocoddr®m “to conduct intersteey drift limitation checkfor

building ClasdV, lifeline-built facilities only” to other building classes.

10



1.6

f)

Organization of Chapters

Thisthesis documertlthe research work into 5 chaptassfollowing:

Chapter 1 preseed research background, problem statements and research
objectives research scope and significant of research.

Chapter 2 preseed literature review and findings of past studi®s other
researchers.

Chapter 3 preseadithe methodology andngineering analysis.

Chapter 4 preseadl result of modal analysis, gravity, wind, and seismic
(lateral force method analysis) and Horear static pushover analysis of
buildings studied.

Chapter 5 concludkthe finding of this research work, technical suggestion
andrecommendationsf future research work.

Finally, references and appendigesreattached at the end part of this thesis.
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