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WHAT IS AN EARTHQUAKE ? 

An earthquake is a vibration or 
shaking of the earth produced by 

a rapid release of energy. 



WHAT CAUSES EARTHQUAKES ? 

1. When stress/pressure builds up in the 
crust eventually the rocks will fracture or 
slip. 

2. The fracturing and/or slipping happens 
along a fault. 

3. The movement often occurs due to: 
• Plate movements  
• Volcanoes 



 

• There are over 1 
million earthquakes 
per year or about 1 
every second.  

1. EARTHQUAKES DEFINED 



• Immense forces push/pull 
rock rock can bend 
elastically.  

• Maximum point Elastic 
Limit, if rock is stretched 
beyond this point rock 
snaps and broken pieces 
whip back and rebound 

• Masses of rock scrape each 
other and move crust 
which results in 
earthquake. 

2. ELASTIC REBOUND THEORY 







a. Faulting- Sudden movement of rock along planes 
of weakness called faults. 

• NORMAL - one side of a fault slips down relative to another  

• REVERSE (& Thrust) - one side of a fault is driven up and over 
the other  

• STRIKE-SLIP – occur where plates meet evenly and slip past 
each other horizontally. (The angle at which a fault cuts 
through the earth is referred to as the strike, so a strike-slip 
fault happens when plates slip along the strike).  
– most common fault type in California  

3. CAUSES OF EARTHQUAKES 



 

 

 

 

FAULT ANIMATIONS 

http://earthsci.terc.edu/content/visualizations/es1103/es1103page01.cfm?chapter_no=visualization


a. Focus-Point where rock 
snaps (May be just 
deep/shallow)  

• Energy of back and forth 
motion is transmitted in 
all directions. 

 b. Epicenter-place directly 
above  focus 

4. PARTS OF AN EARTHQUAKE 





• Earthquake depth depends on the type of plate 
boundary where the movement occurs  

• Diverging boundaries (mid-Atlantic Ridge), and 
sliding boundaries (San Andreas Fault) tend to 
have earthquakes which are closer to the surface 
(shallow focus) 

• Subduction boundaries tend to have very deep 
earthquakes as the plate plunges into the mantle 
(deep focus) 

5. EARTHQUAKE DEPTH 



Subducting plate 

Shallow focus 

Intermediate focus 

Deep focus 



2. THE MALAYSIAN SEISMIC 

ENVIRONMENT 
 



 
1. Jabatan Kerja Raya Malaysia (JKR) has drafted a document 

which presented the proposed seismic design guidelines for 
concrete buildings in Malaysia in April 2007 
 

2. Reviewed by IEM in 2008 and in general highlighted 
discrepancies of the guideline and requested for a more 
detailed study to be undertaken. 
 
 
 

WHY? 

MALAYSIAN ONSHORE ENVIRONMENT 



1. In essence, acceleration values up to 
0.25g  are expected in Peninsular 
Malaysia (Zone 2) 
 
 

2. To put things in perspective: 
1. Penang link bridge (design: 0.03g) 
2. Bakun Dam (design: 0.075g) 
3. Study by Ove Arup & Partners (far 

field: 0.04g ) 
 

ISO Seismic Zone Category (0 = negligible , 4 = highest seismicity 



SOUTH EAST ASIA SEISMIC SETTING 



SOUTH EAST ASIA SEISMIC SETTING 



1. With the 
numerous national 
economic assets 
located in offshore 
positions, it 
became 
imperative to 
characterize the 
risk that these 
structures faced. 
Some initial 
literature have 
characterized the 
seismicity at 0.05g 
 
 

1000 year return period at 5% spectral damping 

MALAYSIAN OFFSHORE ENVIRONMENT 



As seismic is a very new concept in Malaysia, several 
questions are left to be answered: 
 
1. Is the characterization of seismicity in Malaysia 

comprehensive, exhaustive and representative? 
 

2. Are the proposed seismic guidelines practical for adoption 
and implementation? 
 

3. What is the impact of seismic considerations in overall 
building concept selection and design? 



CONSULTANT 

  STATUTORY  

BODY 

OWNER/ 

COMMUNITY 

 SUPERVISORY  

STAFF 

(C.O.W) 

CONTRACTOR 

 MATERIAL  

SUPPLIER 

ARCHITECT 

 GEO-TECHNICAL & 

STRUCTURAL 

ENGINEER 

VARIOUS STAKEHOLDERS THAT NEED TO BE ENGAGED IN 

THIS ONGOING EFFORT 



3. HOW DOES SEISMICITY AFFECT 

BUILDINGS? 
 



CRITERION FOR SEISMIC RESISTANT DESIGN 

FUNCTION 

COST 

RELIABILITY (PROBABILISTIC MEASURE OF PERFORMANCE) 



Limit State Design for Seismic Conditions LIMIT STATE DESIGN FOR SEISMIC CONDITIONS 



Seismic measures are used to calculate forces that earthquakes impose on 
buildings. Ground shaking generates internal forces within buildings called 
the Inertial Force (FInertial), which in turn causes most seismic damage. 
 
FInertial = Mass (M) X Acceleration (A). 

The greater the mass (weight of the building), the greater the internal 
inertial forces generated. Lightweight construction with less mass is 
typically an advantage in seismic design.  
 

SOME FUNDAMENTAL CONCEPTS 



 
 
 
 
• Earthquakes generate waves and the length of a full cycle in seconds is the Period of 

the wave 
• All objects, including buildings, have natural or fundamental period at which they 

vibrate if jolted by a shock.  
 
 
 
 
 
 
 
 
 
 
The natural period is a primary consideration for seismic design. If the period of the 
shock wave and the natural period of the building coincide, then the building will 
"resonate" and its vibration will increase or "amplify" several times. 

PERIODS OF VIBRATION 



PERIODS OF VIBRATION 



PERIODS OF VIBRATION 

Are tall buildings susceptible to seismic motions? 



PERIODS OF VIBRATION 

Yes, due to 
subduction sources. 
Long period waves 



Tall buildings will undergo several modes of vibration, but 
for seismic purposes (except for very tall buildings) the 
fundamental period, or first mode is usually the most 

significant. 



4. SEISMIC DESIGN FACTORS 
 



. 

. 
The following factors affect and are affected by the design of the building. It is 
important that the architect and design team understands these factors and 
deal with them prudently in the design phase. 

 
Uneven mass distribution will position the center of mass outside of the 
geometric center causing "torsion" generating stress concentrations 

 

1. TORSION 



. 

 
Buildings in general are poor resonators to dynamic shock and dissipate 
vibration by absorbing it. Damping is a rate at which natural vibration is 
absorbed. 
 
Local damping can also be provisioned at certain building components through 
bearing pads 

2. STRUCTURAL DAMPING 



. 

• Ductility is the characteristic of a material (such as steel) to bend, flex, or move, 
but fails only after considerable deformation has occurred. Non-ductile materials 
(such as poorly reinforced concrete) fail abruptly by crumbling. Good ductility 
can be achieved with carefully detailed joints. 
 

• Steel structures are generally far more ductile than RC structures 

3. DUCTILITY 



4. Strength and Stiffness 
 
Strength is a property of a material to resist and bear applied forces within a 
safe limit. Stiffness of a material is a degree of resistance to deflection or drift 
(drift being a horizontal story-to-story relative displacement). 

4. STRENGTH AND STIFFNESS 



This term defines a building's size and shape, and structural and nonstructural 
elements. Building configuration determines the way seismic forces are 
distributed within the structure, their relative magnitude, and problematic design 
concerns. 

Regular Configuration buildings have Shear Walls or Moment-Resistant 
Frames or Braced Frames and generally have: 

• Low Height to Base Ratios 
• Equal Floor Heights 
• Symmetrical Plans 
• Uniform Sections and Elevations 
• Maximum Torsional Resistance 
• Short Spans and Redundancy 
• Direct Load Paths 

5. BUILDING CONFIGURATIONS 



5. Building Configuration 
 
Irregular buildings on the 
other hand pose issues on 
stress concentrations: 
• Irregular config. 
• Abrupt change in 

lateral stiffness 
• Abrupt changes in 

lateral resistance 
• Unusual features 
 
 





Causes of Seismic Risks in Design/Planning 



Causes of Seismic Risks in Design/Planning 



Causes of Seismic Risks in Design/Planning 



Causes of Seismic Risks in Design/Planning 



Major seismic risks could arise as a result of failure to consider structural 
geometry into design  

Causes of Seismic Risks in Design/Planning 



Spatial variation and slenderness of structure exposes structure to higher 
seismic risk 

 

Causes of Seismic Risks in Design/Planning 



FAILURE TO ACCOMMODATE FOR UNCONVENTIONAL DESIGN AND IN-SITU 
DIFFICULTIES WHEN IMPLEMENTING SEISMIC DESIGN 

What About The Risks Induced By Civil Engineers? 



IN SUMMARY 



5. SEISMIC MITIGATION CONCEPTS AND 

STRATEGIES 
 



Some of the more common methods of developing good lateral 
resistance in concept and design are: 

 
• Diaphragm 
• Shear Walls 

• Braced Frames 
• Moment Resistant Frames 

 
 

Some of the less common seismic mitigation devices are used for higher 
seismicity locations but may be considered depending on the structure’s 
probability of failure and consequence of failure 
 

• Energy Dissipating Devices 
• Base Isolation Systems 
• Tuned Mass Dampers 



Floors and roofs can be used as rigid horizontal planes, or diaphragms, to transfer 
lateral forces to vertical resisting elements such as walls or frames. 
 
Strategically located stiffened walls are shear walls and are capable of transferring 
lateral forces from floors and roofs to the foundation. (i.e. New JKR Headquarters) 
 

1. DIAPHRAGMS & SHEAR WALLS 



1. DIAPHRAGMS & SHEAR WALLS 



Vertical frames that transfer lateral loads from floors and roofs to foundations. Like 
shear walls, Braced Frames are designed to take lateral loads but are used where 
shear walls are impractical. 
 

2. BRACED FRAMES 



The column/beam joints are carefully designed to be stiff yet to allow some 
deformation for energy dissipation taking advantage of the ductility of steel 
(reinforced concrete can be designed as a Moment-Resistant Frame as well). 

3. MOMENT RESISTANT FRAMES  



 
 Energy-Dissipating Devices are used to minimize shaking. Energy will dissipate if ductile 
materials deform in a controlled way. An example is Eccentric Bracing whereby the 
controlled deformation of framing members dissipates energy. However, this will not 
eliminate or reduce damage to building contents 

4. ENERGY DISSIPATING DEVICES 



4. Energy Dissipating Devices 
 
 A more direct solution is the use of energy dissipating devices that function like 
shock absorbers in a moving car. The period of the building will be lengthened 
and the building will "ride out" the shaking within a tolerable range. 

4. ENERGY DISSIPATING DEVICES 







Involves separating the building from the foundation and acts to absorb shock. 
As the ground moves, the building moves at a slower pace because the isolators 
dissipate a large part of the shock. 

5. BASE ISOLATION 



•The building must be designed to act as a unit, or "rigid box", of appropriate height 
(to avoid overturning) and have flexible utility connections to accommodate 
movement at its base.  
 
•Base Isolation is easiest to incorporate in the design of new construction. Existing 
buildings may require alterations to be made more rigid to move as a unit with 
foundations separated from the superstructure to insert the Base Isolators 

DESIGN PRINCIPLE  





IMPACT OF BASE ISOLATION ON SOFT STORY DESIGN 



Impact of Base Isolation on Soft Story Design IMPACT OF BASE ISOLATION ON SOFT STORY DESIGN 



Impact of Base Isolation on Soft Story Design IMPACT OF BASE ISOLATION ON SOFT STORY DESIGN 



Tall buildings cannot be base-isolated or they would overturn. Being very flexible 
compared to low-rise buildings, their horizontal displacement needs to be 
controlled. This can be achieved by the use of dampers such as the Tuned Mass 
Damper (TMD) 
 
Classic example: Taipei 101 

6. TUNED MASS DAMPERS 



•Typically, the dampers are 
huge concrete blocks or 
steel bodies mounted in 
skyscrapers or other 
structures, and moved in 
opposition to the 
resonance frequency 
oscillations of the structure 
by means of springs, fluid 
or pendulums. 



 
Each of the four arch legs has 
three tuned mass dampers for 
the three main modes of vortex 
excitation 

PETRONAS TWIN TOWERS 



1. One Wall Centre in Vancouver  
2. Shanghai World Financial Center in Shanghai, China 
3. Berlin Television Tower (Fernsehturm) 
4. Dublin Spire in Dublin, Ireland 
5. Akashi-Kaikyō Bridge, Honshu-Shikoku 
6. Tokyo Skytree, Tokyo 
7. Yokohama Landmark Tower 
8. Sakhalin I, Offshore Drilling Rig, Russia 
9. Burj al-Arab 
10. Bloomberg Tower/731 Lexington in New York City, NY 
11. Citigroup Center in New York City, NY  
12. Comcast Center in Philadelphia, PA  
13. Grand Canyon Skywalk, AZ 
14. John Hancock Tower in Boston, MA  
15. One Rincon Hill South Tower, San Francisco, CA 
16. Park Tower in Chicago, IL  
17. Random House Tower  
18. Theme Building at Los Angeles International Airport Los Angeles, CA 
19. Trump World Tower in New York City, NY 
20. Millennium Bridge, London 

TUNED MASS DAMPERS ARE A VERY POPULAR MITIGATION DEVICE IN 
TALL BUILDINGS 



Seismic design objectives can greatly influence the selection of the most 
appropriate structural system and related building systems for the project. 
Some construction type options, and corresponding seismic properties, are: 
 
1. Wood or timber frame (good energy absorption, light weight, framing 

connections are critical). 
2. Reinforced masonry walls (good energy absorption if walls and floors are 

well integrated; proportion of spandrels and piers are critical to avoid 
cracking) 

3. Reinforced concrete walls (good energy absorption if walls and floors well 
integrated; proportion of spandrels and piers are critical to avoid cracking) 

4. Steel frame with masonry fill-in walls (good energy absorption if bay sizes 
are small and building plan is uniform) 

5. Steel frame, braced (extensive bracing, detailing, and proportions are 
important) 

6. Steel frame, moment-resisting (good energy absorption, connections are 
critical) 

7. Steel frame, eccentrically braced (excellent energy absorption, connections 
are critical) 

8. Pre-cast concrete frame (poor performer without special energy absorbing 
connections) 



WHAT ABOUT RETROFITTING EXISTING 
STRUCTURES?? 



Structural and architectural detailing and construction 
quality control is very important to ensure ductility and 
natural damping and to keep damages to a limited and 
repairable range. 
 
The cost of adding energy-dissipating devices is in the 
range of 1-2% of the total structural cost. This is not a large 
number, particularly when related to the life-cycle cost of 
the building. Within a 30-50 year life cycle the cost is 
negligible [National Institute of Building Sciences, USA) 

IMPORTANCE OF PRUDENT IMPLEMENTATION  



6. CONCLUSIONS 



1. There exists an evident relationship between certain architectural configurations and the 
seismic performance of buildings.  
 

2. Lack of seismic consideration in urban planning promote the use of building 
configurations considered in seismic codes as not recommended 
 

3. It is not sufficient to just apply seismic building codes in design. Seismic mitigation is 
multidimensional and interdisciplinary approach. This approach must include the 
participation of seismic engineers, architects, city planners, city officials and decision 
makers.  
 

4. Contemporary cities in seismic zones are not an addition of independent buildings; each 
city is a system constituted by interrelated components. Damages in one building due to 
earthquake effects may not just affect the people who are inside but people passing by, 
the neighboring buildings, and the surrounding environment 
 

5. It is necessary to inform and instruct architects and city planners on the consequences of 
their urban planning and architectural decisions, since they share with structural 
engineers the great responsibility in mitigating seismic risk  
 

6. There is a need for engineers to work hand-in-hand with architects, urban planners and 
city officials to develop a suitable and practical seismic standard for use in Malaysian 
context 



THANK YOU 
THANK YOU 


