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Official statement

KUALA LUMPUR: Fourteen hotspot areas have been identified as locations where earthquakes are likely to occur in the country, the
Dewan Rakyat was told today.

Acting Natural Resources and Environmental Sustainability Minister Datuk Seri Johari Ghani said the areas include Ranau and Lahad
Datu in Sabah, Niah in Sarawak, Bukit Tinggi and Janda Baik in Pahang, Batang Kali and Ulu Yam in Selangor, and Kuala Pilah in Negri
Sembilan.

"Other areas include Kenyir in Terengganu, Manjung and Temenggor in Perak, and Mersing, Segamat, and Batu Pahat in Johor,” he said
during a question-and-answer session in the Dewan Rakyat today.

He was responding to Syed Saddiq Syed Abdul Rahman (Muar-Muda), who asked whether Malaysia has updated its data in light of
climate change and recent earthquakes, and whether buildings in the country are constructed to withstand seismic activity.

Johari (BN-Titiwangsa) added that the ministry, through the Malaysian Meteorological Department (MetMalaysia), is committed to
strengthening earthquake monitoring and issuing early tsunami warnings via the Malaysian Tsunami Early Warning System.

Uniform Building By-Laws 1984

By-law 80. Structure above foundations
FEDERAL SUBSIDIARY LEGISLATION
(1) The structure of a building above the foundatioms shall be designed and constructed to safely

STREET, DRAINAGE AND BUILDING ACT 1974 [ACT 133] sustain and transmit to the foundations the combined permanent and imposed loads and wind
loads without such deflection or deformation as will impair the stability of. or cause damage to,
3N, 5178/84 the whole or any part of the building_

UNIFORM BUILDING BY.LAWS 1984 {fAmendmenr 20121

(2) The requirements of paragraph (1) shall be deemed to be satisfied if the design and construction

of the structure or part of the structure complies with the following standards:
Incorporating: =

MS EN 1990 — Basis of structural design:
MS EN 1991 — Actions on structures:;

MS EN 1992 — Design of concrete structures;
N 227400001 MS EN 1993 — Design of steel structures;

N, /1990
Amendment 1999

MS EN 1994 — Design of composite steel and conerete structures;
BS EN 1995 — Design of timber structures or

MS 544 — Code of practice for structural use of timber;

MS EN 1996 — Design of masonry structures:

MS EN 1998 — Design of structures for earthquake resistance; and
MS EN 19939 — Design of aluminium structures.

Amendment 1991
Amendment 2007
Amendment 2011
Amendment 2012
Amendment 2021

fAmendmenr 20127

fAmendmenr 2021]

By-law 75. Reinforced concrete foundations.

Reinforced concrete foundations shall be designed and constructed in accordance with MS EN 1990,
MS EN 1991 and MS EN 1992.
[Amendmenr 2012]
[Amendmenr 2021]
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* Contribute more than 90% of the Earthquake
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Earthquake measurement

* https://en.wikipedia.org/wiki/Moment_magn

itude scale
e TNT-
M J equivalency
Y| (Joules)
(tons)
3 |20-10° =
4 [63-1010 15
5 [20-101 475
6 [63-1012 15,000
7 |20-101% 475,000
8 |63-101% 15,000,000
9 [20-10'® 475,000,000
10 6.3 -

equivalence
Hiroshima-
bomb
(12.5 kT TNT)

0.0012
0038
12
38
1,200
38,000

101 | 15,000,000,000 | 1,200,000

* Richter scale

* Mercalli intensity scale

* Moment magnitude scale

FERCEINED  INotfelt| Weak | Light Moderate| Strong |Very strong| Severe | Violent | Extreme

”SIE,’EG'QL none | none | none |Verylight| Light | Moderate |Moderate/Heavy| Heavy |Very Heavy
PEAKACC.(%g) | <17 | .17-14| 1.4-39| 3.9-9.2 | 9.2-18 | 18-34 34-65 65-124 | >124
PEAK VEL. (cmis)| <01 |0.1-1.1|1.1-34 | 3481 | B1-16 | 16-31 31-60 60-116 | >116
"oner ] T [ v v [w [ w [

Damaged by Earthquake

* However, peak ground acceleration is not the only factor affecting the
damage of the building caused by the earthquake.

* Focal depth and rupture

* Ground behaviour and amplification factor

e Structural dynamical behaviour
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Damage near to the epicentor

* Chi Chi Earthquake
* September 21, 1999

¢ Jiji (Chi-Chi), Nantou County,
Taiwan

* 7.6-magnitude earthquake

* killed 2,415 people, injured
11,305, caused NTS300 billion
worth of damage and left an
estimated 100,000 people
homeless.

Myanmar Earthquake

* 28th March 2025 06:20:52 UTC
* Mandalay, Myanmar

*M, =77

* Depth 10 km

20°N

[ SHAXING [Worfor| Weak | Ught [Woderate
DAMAGE | None | None | None | very light
2. 6.2

1.

FGAI%g) |<0.04640.257
PGV{om/s) [<0.02180.135 4.65
WTENSTY | 1| | v, v
Scale based on Worden et al. {2012}
£ Selsmic Instrument o Reparted intensity

E=

16°N
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Boxing day Sumatra earthquake

* Date and Time: December 26,
2004, at 00:58:53 UTC

* Epicenter: Off the west coast of
northern Sumatra, Indonesia.

* Magnitude: Estimated at 9.1-9.3
Mw

* The hypocenter (the actual point
of origin) was approximately 30
kilometers below the seabed

11

Depth of earthquake

* Shallow Focus Earthquake (0 —
70 km)

* Intermediate Focus Earthquake
(70 — 300 km)

* Deep focus Earthquake (> 300
km)

12
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Soft story failure due to earthquake

Bulletin of Earthquake Engineering (2024)

13

Collapsed apartment house
in the Marina District of
San Francisco, coused b

ground motion and a soft
story.

SOURCE: NIST

Failure due to
earthquake
(Source FEMA
454)

Damage in Kobe after the 1995 earthquake.
Extensively damaged by air raids in World
War ll, Kobe was a relatively new city. Major
development took place during the boom
years of the 1970s and 1980s. Over 5,000
people were killed.

14
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Typical failure

* Flexural failure on columns

15
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Code requirements: MS EN 1998-1 and
National Annex

* Damage Limitation

* No damage limitation
* Return period 95 years
* 10% chance in 10 years
* No collapsed limitation
* Return period of 475 years
* 10 % chance in 50 years

* Very low seismicity

* a,<0.39 m/s?ora, S <0.49 m/s?
* Low seismicity

* a,<0.79 m/s?or a, S <0.98 m/s?

17

Structural responses

* Structural responses

* Geotechnical (Type of soil or shear wave velocity)

* Ground type A

* Ground type B

* Ground type C

* Ground type D

* Ground type E

* Ground type S1

* Ground type S2
* Structure

* Natural Period

* Type of structure

18
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Tabde 3.1; Gromnd types

e S0IL classification EN
1998

S + —— e

19
Soil classification exceed 30m deep
Ground Description and range of site natural period, Ts (s)*
type
A Raock site, or a site with very thin sediments and s < 0.15 s
B A site not classified as ground type A, C, Dor E
C A site with sediments of more than 30 m deep to bedrock and T3 = 0.5 sto
0.7s
D A site with sediments of more than 30 m deep to bedrock and T3 =0.7 sfo
10s
E A site with sediments of more than 30 m deep to bedrock and Ty => 1.0 s,
or deposits consisting of at least 10 m thick of clays/silts with a high plasticity
index (Pl > 50)
20

10
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Formula for building natural period
Concrete Frame structure Steel structure
C 0.075 C 0.085
X 0.75 X 0.75
H Period (s) H Period (s)
10 0.42 10 0.48
15 0.57 15 0.65
20 0.71 20 0.80
30 0.96 30 1.09
50 1.41 50 1.60
75 191 75 2.17
100 2.37 100 2.69
125 2.80 125 3.18
150 3.21 150 3.64
175 3.61 175 4.09
200 3.99 200 4.52

21
Response spectrum 1 (Soil classification EN
a » Peak acceleration is 2.5S for
5% damping.
y » Limit of Design acceleration is
§ 0.2 peak ground acceleration.
® Ground 3 s Te T
type is) (s} (g}
A i 0.05 | 0.2 g
B 14 | 005 | 0.3 2.2
c 115 | 005 | 05 22
D 135 | 0.4 0.8 2.2
Figure C.1. Horizontal elastic response spectrum of ground types Ato E E 14 0.15 0.5 2.2
{5 % damping) for Peninsular Malaysia
22
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Response spectrum 2 (Soil classification
based on site natural period for deep geology)

Ground h) Tr T To

type (s} (s) (s}
A 1 0.1 0.3 2.0
B 15 0.1 0.3 15
C 18 0.1 0.6 1.0
D 1.35 0.1 0.8 1.5
E 18 0.1 0.6 2.0

Hazard map of
Iz | Peninsular Malaysia

12



11/27/2025

[PORPPRER

: Recent earthquake in Malaysia: Is the
QP Tinggi .
AP Sibu hazard map capture the risk?

'y
'8

f a4 : -\' - Ty Tompin
M? 5 g 0 M34
9 M4.1

. Qms2. Rias

25
| Importance
class 1 |
I Buildings of minor importance for public safety, e.g. agricultural
| buildings, etc.
| i i :
1] | Ordinary buildings, not belonging in the other categories.
£ _— B s, I O I e O SEEE——
11 Buildings whose seismic resistance is of importance in view of the
consequences associated with a collapse, e.g. schools, assembly halls,
| cultural institutions ete. |
v [ Buildings whose integrity during earthquakes is of vital importance |
for civil protection, ¢.g. hospitals, fire stations. power plants, eic.
Classl :-pn=08
ClassTli ‘»w=12
ClassTV :n=15
26

13
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Ductility Class

* DCL or DCM?
* Singapore recommended DCL

* Malaysia NA to MS EN 1998
* DCM shall be used if the seismic zoning above low seismicity.

be needed in DCM.

* Detailing following EN 1992 is classified as DCL. Major changes in detailing will

27

Strong
column
weak
beam

28

14
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Concept of seismic actions

* RSA
* For stiff structure
e Force demand

* RSV
* For medium period structure
* Energy demand
* RSV = w RSA

* RSD
* For long period or flexible structure

* Displacement consideration
* RSD = w RSV

29
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Architectural design

* Architectural design plays an important parts of the seismic design.
* Avoiding soft storeys.
* Concept of Strong columns weak beams.

* Regularity
* Plan
¢ Elevation

31
Soft storey (FEMA)
B I === ==
— N BN B
—— .
R — 5 e o |
——— . = S = N
X B EE e
N l . T
A flexible first floor B discontinuity: indirect load path C heavy superstructure
Three types of soft first story.
32

16
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soft story
—r—T—r
[ I il I |
| | S | — E—
LTI add columns
% add bracing
% add external

buttresses

Solutions for
soft storey
(FEMA)

33
Building regularity (EN 1998-1)
Table 4.1: Consequences of structural regularity on seismic analysis and design
Regularity | Allowed Simplification Behaviour factor
Plan | Elevation | Model Linear-¢lastic Analysis | (for linear analysis)
Yes | Yes Planar Lateral force” Reference value
Yes | No | Planar Modal Decreased value
No Yes ‘ Spatial” Lateral force® Reference value
No No | Spatial Modal | Decreased value
34
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TR b - i

tacalized domaoge. CoBlapse
mechanism in extrams
instances.

Modal Anolysis, +635 foat high
in SDC D F. 25% increase
to disphregm connection
design forces. Amplified forcas
ta max of X3.

P2 Re-emtrant Comers
tocal domage to disphragm | 25% increase in diaphra,
and u!uhﬁ elements. connection designlinete;..gm

Collopse mechanism in
exreme instances in lorge

buildings.

P3 Diophragm Eccemtricity nmd Catouts

Loealized structural domoge.

25% Increase In diaphrogm
connection design forces”

P4 Nonperallel Luteral Force-Resisting System

Leods to torsion and
instability, localised
damage.

Combine 100% and 30% of
Forees in 2 directions, use
mctximum.

P5 Out-oi-Plane Ofsets: Discontimoous Shearwolls

Collapie mechanism in
extreme circumstonces.

Modal Anlysis, +65 foat high
in SOC D F. 25% increase
ta disphragm cannection

FEMA Plan
irregularity

design forces.

performance code remedies
V1 Stiffness lregulority: Soft Story
Comman collopse Maodal Anabysis, +65 beat
mechanism. Death and high in SCO DEF. Exireme
much demoge in case not permitted in seismic
Morthridge earthquake. use groups E and F. F E M Q
V2 Waight/Mass breguority

Collapse mechanism in

exireme ciicumstances

Maodol Analysis, +65 foat bi
In 5DC BﬂEi}f;m H |gh

V3 Vertical Geameric Ireglarity

Localized struetural
damage.

Modol Analysis +65 foct hi
e »

¥4 In-Plane Irvegulosity in Wertical Lateral Force System

Madel Anclysis, +45 foot high i

localized structural SDCOE F 25% ircrenie 1o
damaoge. diophmgm connection design
fares. Supposting mambers
dasyribed B incradiaml beacists
V5 Copodity Discontinuity: Weak Story

Collopse mechanism in
exireme circumetances

Maodal Anabysis, +45 foot
high in SDC D.EF

elevation
irregularity

36

18



11/27/2025

Non structural components (EN 1998-1:
4.3.5)

* (P) Non-structural elements (appendages) of buildings (e.g. parapets, gables,
antennae, mechanical appendages and equipment, curtain walls, partitions,
railings) that might, in case of failure, cause risks to persons or affect the main
structure of the building or services of critical facilities, shall, together with their
supports, be verified to resist the design seismic action.

* (P) For non-structural elements of great importance or of a particularly dangerous
nature, the seismic analysis shall be based on a realistic model of the relevant
structures and on the use of appropriate response spectra derived from the
response of the supporting structural elements of the main seismic resisting
system.

* (P) For the following non-structural elenlents the importance factor shall not be
ess than 1,5:
* anchorage elements of machinery and equipment required for life safety system;

* tanks and vessels containing toxic or explosive substances considered to be hazardous to the
safety of the general public

37
Precast members
* Joints are always the weakest and additional attention shall be paid to
ensure reliability and safety.
* The design of the precast element is covered in EN 1998-1, Section
5.11.
* No additional requirements imposed by National Annex.
38

19
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Way forward

* Building regulation

* Code updating

* Budget allocation

* Architectural design

* Structural design

* Non-structural components

40
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Seismic consideration
Thank you

Ir. Tu Yong Eng
Applied Technology Group Sdn Bhd
YLD Professional Sdn Bhd

41
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