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Taiwan Plate Boundaries
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Surface Body Waves

S- Wave in action
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Questions

How do we measure earthquake?

By ?

What is the engineering
measurement for earthquake?

W um
R tari: o q q
w 3, @ Civil Works & Structural Engineering Branch
=y ] Jabatan Kerja Raya Malaysia, Kuala Lumpur
¥
\"'-?::.;J‘H



INntensity:

The severity of earthquake shaking is assessed using
a descripfive scale. — The Iv\odlﬂed Iv\ercolh Infensity Scale.
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Unit Measurements:

Earthquake size is a guantitative measure of the size of
the earthquake af its source.-The Richter Magnitude
Scale.

Richter Sacle

Acceleration

(9)

<0.0017

0.0017-0.014

0.014-0.03¢9

0.039-0.092

0.092-0.18

0.18-0.34

0.34-0.65

0.65-1.24

>1.24

Velocity
(cm/s)

<0.1 Not felt

0.1-1.1 Weak

Light

Moderate

Strong

Very strong

Severe

Violent

Extreme

Perceived shaking

Potential damage

None

None

Very light

Light

Moderate

Moderate to heavy

Heavy

Very heavy




Peak Ground Acceleration(PGA)

» Peak ground acceleration (PGA) is the maximum ground
acceleration that occurred during earthquake shaking at a
location.

« Peak ground acceleration (PGA) Richter and moment magnitude scales

Measures how hard the earth shakes at  Ritcher scale measures Intensity (Amount of
a given geographic point. Energy Releases)

PGA is measured by instruments, such The Mercalli intensity scale based on personal
as accelerographs. can be correlated to reports and observations to measure
macroseismic intensities on the Mercalli  earthquake intensity

scale but these correlations are

associated with large uncertainty.

Measured in unit of m/s?, g, or gal Unitless

: . 2 (Standard

1 Gal, or Cm/s2 0 0328084 O 00101972




Earthquake Energy:

Earthquake energy and frequency

Notable earthquakes Events with similar energy

10 SR R 295 trillion tons TNT
9 Cascadia subduction zone — AD 1700 1 & 750 days of a hurricane 39 billion terajoules
near fotal destruction; Tohoku, Japan — 2011
massive loss of life Largest nuclear bomb test (Tsar Bomba — USSR)
8 g?eat{g;eeggggggﬁ?}:mpacr San Francisco— 1906 ® @ Mount St. Helens eruption 295 billion tons TNT
— large loss of life : Nisqually — 2001 1 day of an average hurmicane E i ;
E 7 strong earthquake; Seattle fault — AD 900 = (7] 39 million terajoules
s large economic impact; Tacoma - 1965 8
loss of life Hiroshima atomic bomb (Little Boy) .
T 6 134 == | 295 million tons TNT
= moderate earthquake; Power the US for 1 day o
s property damage Duvall - 1996 =
g’ 5 1,320 A tornad O | 39 thousand terajoules
small earthquake; verage tornado ud
© some propgrry damage C|=J
E 4 13,000 L 295 thousand tons TN’
minor earthquake; ; ;
felt by humans Large lightning bolt
3 130,000  Beirut Explosion on 4" Aug 2020 1,100 tons TNT
T ipedia.org/wiki/2020_Beirut_explosion T
2 295 tons TNT
1.1 gigawatts
for 1 hour

Earthquake data and frequency from USGS at http-/fearthquake.usgs.gov/earthquakes/eqarchivesiyearfegstats.php
Energy released and events from http-/falabamaquake_com/energy.html and http-/fen wikipedia.org/wiki/Orders_of magnitude (energy)




Probabllity of Exceedance

ASCE Specification

Performance Description Mean return Annual probability

level period of exceedance (%)

(years)

Operational Frequent 25 4.0% in 50 years

Immediate Occasional 72 1.4% in 50 years

occupancy

Life-safety Rare 250-800 0.12-0.4% in 50 years

Collapse Maximum Considered 800-2500 0.04-0.12% in 50

prevention (MCE) years

EN 1998-1

Performance Description Mean return Annual probability

Requirements period of exceedance (%)
(years)

No-collapse

Damage
limitation

Rare 10% in 50 years
Occasional 10 %in 10 years

NA MS EN 1998-1

Performance
Requirements

No-collapse

Damage
limitation

Description Mean return Annual probability
period of exceedance (%)
(years)

Rare 10% in 50 years

Occasional 10% in 10 years
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PGA (%g) CONTOUR MAP OF PENINSULAR
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PGA Contour Map of Sarawak With A 10% Probability of Exceedance
in 50 Years

PGA (%g) CONTOUR MAP OF SARAWAK WITH A 10% PROBABILITY OF EXCEEDANCE IN 50 YEARS (First Edition, 2017)
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PGA Contour Map of Sabah With A 10% Probability of Exceedance in
50 Years

PGA (%g) CONTOUR MAP OF SABAH WITH A 10% PROBABILITY OF EXCEEDANCE IN 50 YEARS (First Edition, 2017)
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Seismic Load & Design Approach

Seismic Analysis,
Load Design & Assessment
| |

Recorded Ground motion I [I) )
. . . ynamic
[ ] [ Static Analysis ] [ Analysis ]

[ Macrozonation ] [ Response ]

Map Spectrum
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Methods of Analysis

1) Lateral Force Method of
Analysis (Equivalent Static)

2) Modal Response Spectrum
Analysis

3) Non-Linear (Push Over
Analysis)

4)  Time History Analysis




Equivalent Static (Lateral
Force Method)

1.Acquire Design Ground acceleration
from Macrozonation map according
to performance requirements (refurn 760.20 kN
period)

2.Determine importance Factor, y,
according to the importance class EE—

3.Determine Ground Type for Soil
Investigation

4 .Specify building type and height

5.Calculate the fundamental period of
vibration, T,

6.Calculate the seismic base shear F,

10.5m

629.37 kN

375.02 KN

/7 .Distribution of the horizontal Seismic
Force
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Modal & Response Spectral
ANalysis

Steps

1.Develop Acceleration Response Spectrum
diagram according to MS EN 1998-1

2.Check minimum masss Participation factor>90%

3.Check Base Shear

ol = Civil Works & Structural Engineering Branch
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Accelerafion Response Specirum

MASS PART. -TRANSLATION (%) SUMM-X SUMM-Y SUMM-Z MASS PART. ROTATION (%)
X Y z

81.577

0.224 81.577

81.708 81.577

81.708 91.06

81.708 91.062

81.708 . 91.067

81.708 91.084

81.708 91.085

81.746 91.085

81.765 91.085

91.19 91.085

91.191 91.085

MODE 1 MODE 2 91.216 91.085

91.221 91.085

¥ FEMA It tionat Material Complamenting FEMA 431, Design Examples

91.221 91.097
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Push-Over Analysis

» Simplified nonlinear analysis methods, referred to as
Nonlinear Static Analysis Procedures which includes
the capacity spectrum method that uses the
intersection of the capacity (pushover) curve and a
reduced response spectrum to estimate maximum
displacement.

(1) Chooseloads.  (2) Apply V load. Then add H load
ik and calculate push-over curve.

(3) Using a response spectrum
calculate displacement demand.

@ At this displacement, assess
performance of the structure.

H load pattern H Displacement
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Non Linear Push-Over Analysis

» To obtain the maximum shear strength of the
structure, and the collapse mechanism

» To evaluate the structure’s collapse mechanism
without exhausting the plastic rotation capacity
of the members

» To obtain the monotonic displacement and
global ductility capacity of the structure

» To estimate the concentration of damage and IDI
(Inter-storey Drift Index) that can be expected
during the non-linear seismic response.



Non Linear Component

Life Safety
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Structure stability
Level (LS)
9 Performance Level
5 (CP)
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Time History Analysis

» Time history * Time histories of input excitation and the
analysis is used comparison between RRS and TRS (I_hl([h f_l_/3_)_I
to determine thi_ﬂ.dsmfl+z?;-]cgﬁjprl-?
the seismic 5
response of a <
structure under £
dynamic § ey
loading of g
representative é |
earthquake. o2 -/

o 10 20Time3?sec)40 50 60 Wz 13Hz 8.3 Hz 333Hz

Frequency (Hz)
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Response History Procedure

* Not fewer than three simulated ground motions

Selected from recorded events near site consistent with design basis
(or maximum considered) earthquake

If at least seven simulated ground motions, average value is used for
design

If fewer than seven simulated ground motions, maximum value is
used for design

Initial
— Simulated

=
T

=
[
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Acceleration (g)
o
Fd

©
FY
=

Period {(sec)




Fundamental Period Of
Vibration

MS EN 1998-1

L, =C,-H" (4.6)

where

C; is 0,085 for moment resistant space steel frames, 0,075 for moment resistant
space concrete frames and for eccentrically braced steel frames and 0,050 for all
other structures;

is the height of the building, in m. from the foundation or from the top of a rigid
basement.
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Buildings Fundamental
Period vs Height

40 stery
Citicorp

Buildings
10-20 story

Ratio O 4 story
NSP/SP i

1 story

1.0—2.0

Accelerogram recorded in field
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Buildings Response Under
High Frequency Of Vibration

Buckling
Restraint
Braces (BRB

Buildings
Response Under
Low Frequency
Of Vibration



