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A tiny stone in space

. I- .-._- 1".. 1 F i ks = rl:H_ :
SR Solar System
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Rotating itself daily

Circling around the SUN annually

Our Earth is NOT an STATIC object

Our szP"ﬁﬂystM%ﬁ
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Rotating itself daily
* 1 circle every day at about
1000 km/hr, 600 mph
* about the speed of airplanes
Circling around the SUN
* 1 circle every year at 107,000
km/h, 67,000 mph
* 40 times faster than F15
Our Earth is NOT a STATIC object

5. McDonnell Douglas F-15
Eagle (1650 mph)

airwolfhound

F-15 Eagle RIAT 2017

Earth rotates from L e . . which means counterclockwise
west to east . . . | as viewed from above the North Pole.
: 1
O km/hr
1100 km/hr

1100 km /hr

Figure 1.26 - As Earth rotates, your speed around Earth’s axis depends on
your location: The closer you are to the equator, the larger the path you
move around each day, and therefore the faster you travel with Earth’s
rotation. Credit: The Cosmic Perspective

Earth's axis remains pointed The average Earth-Sun distance

In the same direction is 1 AU, or abput 150 million km.
(toward Polaris)+-.... |
throughout ... to Polaris M A

the year. "9

ecliptic plane

Earth takes 1 year to orbit the Sun at
an average speed of 107,000 km/hr.

€ 2017 Pearson Educalion, Inc

Figure 1.28 - This diagram shows key features of Earth’s orbit around the Sun. Credit: The
Cosmic Perspective
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Oldest Zircon Crystal
4.4 billion years old
Human and Earth e
* Earth is 4.6 billion years old. gL
S Billion Years Ago L
* Human civilization started
3.5 3 2.5 2 1.5 1 0.5 0
| |
10,000 years ago. B o
* Human population has apex chert (0, \ Gels with {53
Earliest

. , Fossils
Isua First Sedimentary 4

Evidence for Oceans

increased drastically after 1500
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Design Life

Design life will vary according to the type and
use of the element being considered. BS EN
1990, Eurocode - Basis of structural design,

(Eurocode 0) gives indicative design lives for

various types of structure: 0 40 80 120
Category 1: 20 60 100
Temporary structures, not including structures or parts of Te mporary I
structures that can be dismantled with a view to being re-used —
10 years. .
Replaceable Parts
Category 2: P
Replaceable structural parts, e.g. gantry girders, bearings — 10 Agricultural -
to 25 years.
Category 3: Common Structures [ EEGEGN

Agricultural and similar buildings — 15 to 30 years.

Category 4: Monuments, Infrastructures [ R

Building structures and other common structures — 50 years.

Category 5:

Monumental building structures, bridges and other civil
engineering structures — 100 years.
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50 Years of Human Windows on 4 Billions Years of Earth
“ 2 SURVIVAL OF THE HUMAN POPULATION IN HISTORY

Solid Line Diata takoen Srore Cotler LG (1984) Freg Radcal: m Enlogy Vol V1, pg371-428
Gray Shaded nes Cxvrapolates to Humans from Aremal Stockes

100 — Longer Heathy Life spans
e T Tt emmma. i due to absence of premature
- death from INFLAMMATORY
rcen . .
::rz.:.r;l 80 . .~ driven Age-Associated
"\ L Diseases:
60 o | 195 20 13:" . Cancer, Cardiovascular Disease.
' LTEMﬂ =1 ', Type 2 Diabetes, Autoimmune
40 \ MEMEFHS’ m”:ﬂ ' & dementias
'\ {Calorie Restriction) *, Longer
20 " Healthy
N Life

0 20 40 60 80 100 120 140 160 180 200

Nearly 50,000 years back people
were generally dead by age 20
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Our structures looks static
because we are considering 50
years structural life span
window over 4.6 billion years

old planet



How the earth is made of?

Section Cut
Crust — uppermost thin layer,
3-44 miles thick
Upper Mantle — 200-250 miles
thick, 1600 F
Lower Mantle — 1800 miles
thick, 7000 F
Fluid Core — 1,400 miles thick,
7000 F
Solid Core — 760 miles thick,
9800F

We are sitting on a boiling pot of LAVA

Continen

crust

tal

EARTH IN CROSS SECTION

Oc:ean

Oceanic
crust

Crust
0- 70 km

Asthenosphere
100 km

Mantle
70 - 2885 km

Quter core
2391- 5155 km

Inner core
2391- 6731 km



Why earthquakes happen?
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(a) Original position

(c) Rupture and release of energy

& 2008 Brooks/Caola - Thomson

(b) Deformation

(d) Rocks rebound to original
undeformed shape
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earthquake?

MAGNITUDE S,

Express in Richter Scale USGS Community Internet Intensity Map
SOUTH OF ALASKA
Cause 2020-10-19 20:54:39 UTC 54.6172N 159.6352W M7.6 Depth: 35 km 1D:us6000¢8hg

}"N

581

Size of the event
INTENSITY
Express in Modified Mercalli Scale
Effect EN 56

Damage potential of the event

Denali fault

52°"
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Energy release
(equivalent of explosive)
123 trillion Ib.
10 T (56 triliion kg)
8.0 or GREATER
Great earthquake that can totally destroy 9 4 mﬁmi?nl Ib.
i A | communities near its epicenter (1.8 trillion kQ)
101079 8 123 billion Ib.
Major earthquake causing serious damage (56 billion kg)

......... MMUH'@“‘ B o REm——— o | 4bimonin.  MAGNITUDE

May cause major damage in (1.8 billion kg)

STRUNB @ populated areas .g ; 123 million Ib. ) Express in Richter Scale
""""" i i ki ""5}','{[[[}_'[]""""""""""""' - (56 million kg)
_____ Sightdamage obuidngs & s Cause
'MUDERA‘TE-@"- = 5[ (18milionky) -  Size of the event
12,300 Ib, , .
95105 4 4 (56,000 kg) Interest of the Scientists
——————————— LIGHT— @——— Often felt, but only causes minor damage
4,000 Ib.
3 T (1,800kg)
————————— MNOR-®)\ =
(96 kg)
2'5[]%&5% It but can be recorded
~) Usua [.I'F'Il}t elt but can be recorde
E(g ¥ G by seismograph

Source: UPSeis | Michigan Tech MCT
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A=NF
People notice
vibrations like

those from a
passing truck.
Unstable objects
disturbed.

IV-vi
Slight damage.
People run
outdoors. INTENSITY
Express in Modified
VII-1X

Moderate to
heavy damage.
Buildings jolted
off foundations
or destroyed.

Mercalli Scale
Effect

Damage potential of the event

X=Xl
Great destruction. Cracks appear L
in ground. Waves seen on surface. "S-

Interest of the Engineers

INTENSITY| | Il | IV | V vi | v [ v

Shaking Not felt | Weak Light | Moderate | Strong | Very Strong Severe Violent | Extreme

Damage None None None |Very slight | Light Moderate | Moderate/ heavy | Heavy |Very heavy

Peak Acc | <0.17 |0.171.4|1.4-3.9 | 3.9-9.2 9.2-18 18-34 3465 65-124 >124

Peak Vel <0.1 [0.1-1.1|1.1-3.4| 3.4-8.1 8.1-16 16 - 31 31-60 60-116 >116

Peak Acc = Peak ground acceleration(g), Peak Vel = Peak ground velocity (cm/s)
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Earthquakes in our world
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:esuvius AD62

These two prosperous Roman cities had not yet recovered from the quake of 62
when they were buried by the eruption of Mount Vesuvius in 79. When Vesuvius
erupted in AD79 it obliterated two Roman cities, Pompeii and Herculaneum,

killing most of the inhabitants and permanently altering the landscape around
them.

Aleppo Earthquake 1138

Aleppo is situated northern portion of the Dead Sea and it separates the African
plate from the Arabian Plate. The series of the earthquakes took place from
October 1138 to the month of the June 1139. The area that was the hit the most
was Harim. The earthquake caused deaths of around 230,000 people.

Shaanxi earthquake 1556

The Shaanxi earthquake that hit China in 1556, the deadliest earthquake on
record, wiped out almost entire counties and killed around 830,000 people.
Records describe how the landscape was completely changed, with new
mountains and valleys appearing and rivers changing course.




Lisbon Earthquake 1755

The Lisbon earthquake and tsunami was one of the largest earthquakes the
modern era has seen, with a possible magnitude of 9 on the moment magnitude
scale. This would be equivalent to the Indian Ocean earthquake and tsunami of
2004.

The 1755 earthquake virtually destroyed Lisbon, with as many as 100,000 people
killed. Massive fissures up to 5 meters (16 ft) wide opened in the city. Survivors
hurried to the port area, which was relatively open and unscathed, only to be
met with a 30-meter-high (100 ft) tsunami.

The Age of Enlightenment is directly linked to the events on November 1, 1755,
which was the celebration of All Saints’ Day, as the disaster destroyed nearly
every religious building and church throughout Lisbon and, more importantly,
Portugal.[10]

Immanuel Kant, Jean-Jacques Rousseau, and many others took inspiration from
the earthquake and led us to our cultural, political, ideological, and industrial
revolutions in Europe.

This reasoning became the primary source of authority and legitimacy. It came to
advance ideals like liberty, progress, tolerance, fraternity, constitutional
government, and the separation of church and state.

Krakatoa 1883

It is an island of Indonesia, located in the Sunda Straight.

A series of eruptions began on August 27th, proving to be some of
the most damaging volcanic activity in recorded history.

The death toll is estimated to be around the twelve-hundred thousand
mark. Not only did lava flows and ash affect the death toll, but the
eruptions also created a series of tsunamis around the island, making
things a little more complicated for people trying to flee the scene.



https://listverse.com/2017/01/02/10-terrifying-ancient-tsunamis/
https://listverse.com/2017/01/02/10-terrifying-ancient-tsunamis/
https://blogs.scientificamerican.com/history-of-geology/november-1-1755-the-earthquake-of-lisbon-wraith-of-god-or-natural-disaster/
https://www.weirdworm.com/the-history-of-3-bizarre-images/index.html
https://www.weirdworm.com/bizarre-rock-star-deaths/index.html
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Great Kanto Quake 1923

The Great Kanto Quake which struck Japan in 1923 killed hundreds of thousands
of people and devastated Tokyo so much so that the government even
considered moving the capital somewhere else.

Ultimately, the disaster sparked both soul-searching and nationalism in Japan.

Just eight years later, the nation took its first steps toward World War Il with the
invasion and occupation of Manchuria.

Tangshan earthquake 1976

The Tangshan earthquake in 1976 was one of the deadliest earthquakes in
China’s history, causing around 242,000 people to lose their lives. The political
repercussions of the disaster, however, went far beyond the death toll and
damage.

The quake is seen as a key contributor to the end of the Cultural Revolution in
China — one of the most violent eras in Chinese history, and the arrest of the
‘Gang of Four’, who were blamed for implementing the regime’s harsh policies.


https://www.thoughtco.com/where-is-manchuria-195353

ROl

(natiag,

1999

()
% ruw°?

Indian Ocean Tsunami 2004

Aceh province, Sumatra, Indonesia 9.1 ... 200,000 The deaths resulting
from this offshore quake actually were caused by a tsunami originating in
the Indian Ocean that, in addition to killing more than 150,000 in
Indonesia, killed people as far away as Sri Lanka and Somalia.

TOHOKU EARTHQUAKE AND TSUNAMI, FUKUSHIMA DAIICHI NUCLEAR
DISASTER (2011)

A magnitude 9.0 earthquake off the coast of Japan triggered a tsunami
wave that rose 133 feet at its highest and traveled as far as six miles
inland — much larger and more powerful than expected.

That alone would have been cataclysmic enough, but the event also
triggered a technological disaster on the scale of the infamous 1986
Chernobyl crisis: a series of nuclear meltdowns and a large-scale release
of radioactive material from the Fukushima Daiichi power plant.
Although estimates of the death toll vary, as many as 20,000 people
were killed.

Nepal 2015

Kathmandu, Nepal 7.8 1X 9,000 The Nepal earthquake of 2015 was
accompanied by two aftershocks of magnitude 6.6 and 6.7 within the first
hour after the quake. A magnitude-7.3 aftershock struck the region on
May 12, killing more than 100 people.
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Earthquakes in Myanmar
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Earthquakes in Myanmar

Earthquakes sources in Myanmar
Sagaing Fault
Subduction Zone

Shear Zone in Shan Platau
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Tectonics of
Myanmar

Wang Yu et al., 2013
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Seismicity of Myanmar (Mag 5 and above)

Sagaing Fault

Strike Slip
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Concept

Earthquake Engineering
* Earthquake Hazard
*  Capacity of a structure

* Demand vs. Capacity
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Farthquake Hazard- Demand Side

EURASIANPLATE .

90° _ 110° 130% 150°E
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*Create earthquake
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* Sudden earth shaking applies at
the base of the buildings

Population Exposure

Population per "1 sg. km. from LandScan

Structure Information Summary

Overall, the population in this region resides in structures

that are highly vulnerable to earthquake shaking, though
some resistant structures exist.

5000 10000

Secondary Effects

Recent earthquakes in this area have caused secondary

hazards such as landslides that might have contributed to
losses.

Selected Cities Exposed

from GeoMames Database of Cities with 1,000 or more
residents.

N || | |

City
Shwebo
Mandalay
Monywa
Imphal
Myitkyina
Haka
Taunggyi

Kohima

Population
88k
sk
1,208k
117k
182k
=
223k
aok
o
160k
92k
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Adjust for Building Period —
"Approximately T = Number of Story / 10




Seismic Forces

S—— Seismic
— sStoryforces

force mass acceleration

* Apply to each level with respect of its story mass.

* Total story forces = Base Shear



Building Response- Capacity Side

1.

IN MINOR EARTHQUAKES
WITHOUT SERIOUS DAMAGE

DBE

(Design Basis Earthquake)
5% in 50 years

IN MAJOR EARTHQUAKES WITHOUT
STRUCTURAL DAMAGE BUT
POSSIBLY EXPERIENCE SOME NON-
STRUCTURAL DAMAGE

MCE

(Maximum Credible Earthquake)
2% IN 50 YEARS

Spectral Acceleration (g’s)

Pal

Dy, A)

Yield Point:

MCE

Ultimate Point:

D A, i‘

Ay = CSY/G‘I
D, =9.8A,T2

Au

C. =Design Value

8

T. = Building Period

€

v, A = Overstrength
u = Ductility

Spectral Displacement (inches)
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Demand and Capacity

* Safety Equation
* Capacity > Demand

* Capacity = Safety Factor x Demand

F=MA

force mass acceleration

Capaciity > pemand

Capacity > pemand




&)
Reducing Demand by Mass

F=m.a
* Reducing Mass

* Use lighter materials




Reducing Demand by
Acceleration

F=m.a

* Reducing Acceleration

* Make more flexible and ductile

* Use damper (spectrum scale down)

* Use base Isolation (frequency shift)



Earthquake Design Concept
in MNBC

Myanmar National Building Code

* MNBC Structural Design- IBC-2006 and ASCE7-05 codes.
* Occupancy Category
* Load Combinations

* Earthquake Design Flow Chart



Occupancy Category

Risk Category Nature of Occupancy
I Representing a low hazard to human life in the event of failure
Il Except those listed in other categories
I11 Represent a substantial hazard to human life in the event of
failure Risk Category
IV Designed as essential facilities

1 10 100 1000 10000 100000

Population



Risk Category (Union)

v
%

Building Type (Union)

Cate Risk Apartm Bungal| Semi-  Wood [Bamboo Hut | Other All
gory Category ent OW | pucca Buildings
| Temporary 37.40% 2.80% 40.20%
Il Medium 6.12% 5.85% 41.20% 53.17%
lll |High 4.05% 4.05%
IV [Ess/Haz 0.45% 0.68% 0.65% 0.80% 2.58%
Union 4.50% 6.80% 6.50% 41.20%| 37.40% 2.80% 0.80% 100.00%




Combinations for Factored Loads

3.2.1.2.2 Basic load combinations

1. 1.4(D+F) Eq. (3.2.1)
2. 1.2(D+F+T)+1.6(L+H)+0.5(L orR) Eq. (3.2.2)
3. 1.2D+1.6(L . orR)+ (Lor0.8W) Eqg. (3.2.3)
4. 1.2D+1.6W +L+0.5(L orR) Eq. (3.2.4)
5. 1.2D+1.0E+1L Eq. (3.2.5)
6. 09D+ 1.6W+1.6H Eqg. (3.2.6)
7. 0.9D + 1.0E + 1.6H Eq. (3.2.7)



Combinations for Unfactored Loads

3.2.1.3.1 Basic load combinations

1.

© N o U B W N

D+F
D+H+F+L+T

D+H+F+(L orR)
D+H+F+0.75(L+T)+0.75(L_orR)
D+H+F+(WorO0.7E)
D+H+F+0.75(Wor0.7E) + 0.75L + 0.75 (L_or R)
0.6D+ W +H

0.6D +0.7E + H

Eq. (3.2.8)

Eq. (3.2.9)

Eq. (3.2.10)
Eqg. (3.2.11)
Eq. (3.2.12)
Eq. (3.2.13)
Eq. (3.2.14)
Eq. (3.2.15)



Earthquake Desigh Flow Chart

o Ground Acceleration, S, Soil Data
Building Type S V. N

Risk, Sps =2/3S,s=2/3F,S, Site Class
Importance, | S.;=2/3S,,,=2/3F,S, A,B,CD,E,F
;
Response C. = Sos ’ Spr__SpiT, FF
R, Q,, C4 (R/1) " T(R/1) T*(R/T) T
. . l
BlJ.I|dIng V=C W
Weight, W
— Design

Seismic Design

Category, SDC

Seismic Design
equirement

S End
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* Ground Acceleration, S, S,

* Spectral Response Acceleration at 2% Probability in 50 Years with 5% Critical

Damping, Site Class B

93 00'E 95"00°E S9°00°E 102°°E

S, for 0.2 second

Short Period
Acceleration

for Short Buildings

S, for 1 second

Long Period
Acceleration

1590007
15°00°N

for Tall Buildings




. GRSoHAKAsER RS, S &
* Spectral Response Acceleration at s with 5% Critical
. Spectral Response Acceleration at with 5% Critical

Damping, Site Class B
Damping, Site Class B

* Under the assumption of a Poisson distribution, seismic risk, expressed in terms

* Ubflg htbBaasiityruitea rad@aReissade adibig Rudpeaif kedsmuig mislid @XM ERsaGiten
tePRO B BPo® HBIMINIheRRESKES BEKgi HE e pidBiFiern e eXRiesecd\pin
a glven equgure time (t) with the average recurrence interval (R) can be

° p — —_
expressed as:

* For 50 years design life, 2% probability gives R = 2475 years

* For 50 years design life, 2% probability gives R = 2475 years



Ground Acceleration, S, S,

Spectral Response Acceleration at 2% Probability in 50 Years with 5%
Critical Damping, Site Class B

y(0)
1 YO 107
T
BT
% Twice critical
m t 67 damping
X 47
A0
2T
0 : - o 1 - S Time
‘1 0.4 0.6 0.8 1.0 1.2 1.4 1.6
* For buildings, S _y (sec)
ne-half o
] ] e critical
* oscillation decays at damping
L ) 1 One-tenth Oscillator with resonant
* 5% critical damping. el frequency 10 rad/s
~67 ol crifica started from rest.
damping

After Barger & Olsson




* Site Class

* Spectral Response Acceleration at 2% Probability

in 50 Years with 5% Critical Damping,

SITE CLASS | SOIL PROFILE NAME
AVERAGE PROPERTIES IN TOP 100 feet
Shear wave SPT, N Undrained shear,
velocity, v, (ft/s) s, » (psf)
A Hard rock vs>5,000 N/A N/A
C Very dense soil and soft | 1,200 < v, < 2,500 N > 50 s, < 2,000

rock

Stiff soil profile

600<v,<1,200 | 15<N<50

1,000 <s, < 2,000

Soft soil profile

v s <600 N <15

s, < 1,000

Very soft / Unknown

Need further investigation.




Farthauake Load

Soil Dita

Ve, N

Site Class
A B C DE,F

F,F

a’ v




Site Coefficients F, F

Fa: Site modification factor

for short period,

Short Buildings

Fv: Site modification factor

for long period,

Tall Buildings

TABLE 3.4.3 5ITE COEFFICIENT, F,

Site Class

Mapped Maximum Considered tarthquake Spectral
Response Acceleration Parameter at Short Period

55 = 0.25 5¢.=0.5 S5 =0.75 5¢=1.0 5¢ =1.25
A 0.8 0.2 0.8 0.8 0.2
B 1.0 1.0 1.0 1.0 1.0
i 1.2 1.2 1.1 1.0 1.0
] 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
F See Section 11.2.4.7

TABLE 3.4.4 SITE COEFFICIENT. F,

NOTE: Use straight-line interpolation for intermediate values of S. .

Mapped Maximum Considered Earthqguake Spectral

Site Class Response Acceleration Parameter at 1-s Period
§1 =01 &1 =01 §1 =03 §1 =04 §1 =05
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 1.4 1.3
D 24 2.0 1.8 1.6 1.5
E 33 3.2 2.8 2.4 2.4
F See Section 11.3.4.7

NOTE : Use straight-line interpolation for intermediate values of 5;.




Earthauake Load

Ground Acceleration, S, Soil Data
S, Ve, N
Sos =2/3Sys=2/3 F, S, Site Class
W S..=2/3S,,=2/3F.S, A B,C,D,E,F
|

F,F

a’ v
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 Design Spectral Acceleration, S, S,.

MCE: Maximum Considered

Earthquake

+ SDS=2/3FasSs (2% probability in 50 years)

. S,=2/3F,S,
ik ! |

DBE: Design Basis Earthquake
(10% probability in 50 years)

- DBE
= MCE
---North-South || Reduce MCE to DBE by 2/3
: | ~==~East-West
IR ,\ .................... ---Ver'tlcal
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Earthquake Load

o Ground Acceleration, S, Soil Data
Building Type S V. N

Risk, Sps =2/3S,s=2/3F,S, Site Class

Importance, | T S.;=2/3S,,,=2/3F,S, A,B,CD,E,F
|

F,F

a’ v




e Importance Factor, |

Risk Category Nature of Occupancy
I Representing a low hazard to human life in the event of failure
I Except those listed in other categories
I Represent a substantial hazard to human life in the event of
failure
IV Designed as essential facilities

TABLE 3.4.6 IMPORTANCE FACTORS

Occupancy Category I
Torll 1.0
I11 1.25

IV 1.5




Earthquake Load

o Ground Acceleration, S, Soil Data
Building Type S V. N

Risk, Sps =2/3S,s=2/3F,S, Site Class
Importance, | T S.;=2/3S,,,=2/3F,S, A,B,CD,E,F
|
Response

R, C, Q,
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Response Factors: R, C, (),

1 R : Response Modification
Design Earthquake
Ground Motions  C, : Deflection Amplification

Seismic Force Resisting Systems Q, : Overstrength

*A Bearing Wall Systems

°B Building Frame Systems

°C Moment Resisting Frame Systems
°D Dual Systems with SMRS

°E Dual Systems with IMRS

R Pushover
' Curve

Lateral Seismic Force (Base Shear)
m

e d
°F Shear Wall — Frame Interactive 5/R 5 &
Systems Lateral Displacement (Roof Drift)
*G Cantilever Column Systems
°H Steel Systems Gpe|afel|Boalghy| Swcontsmenumton
Seismic Force-Resisting _~ .E £ E E sl 2 'En ! 'E E .| and Building Height (ft] Limit*
= HEHU G e
= < B| ¢| ¢ B | P

A, BEARING WALL SYS5TEMS
1. 5pecial reinforced concrete shear walls 14.2 5 2 L ML ML | 160 160 100
2. Ordinary reinforced concrete shear walls 14.2 4 2 4 ML ML NP NP NP
3. Detailed plzin concrete shear walls 14.2 2 204 2 ML| NPF| NP NP NP
4. Ordinary plain cancrete shear walls 14.2 11 2 11 ML| HMF] NP NP NP
L Intermediate precast shear walls 14.2 4 24 4 ML ML | 40+ 40 40
&. Ordinary precast shear walls 14.2 3 24 3 ML| HME] NP NP NP
7. Special reinforced masonry shear walls 14.4 5 24 E ML ML| 1e0] 160 100
2. Imtermedizte reinforced masonry shear walls 14.4 3 24 2 ML ML| NP NP NP




Earthquake Load

o Ground Acceleration, S, Soil Data
Building Type S V. N

Risk, Sps =2/3S,s=2/3F,S, Site Class
Importance, | S.;=2/3S,,,=2/3F,S, A,B,CD,E,F
:
Response C. = Sos ’ Spr__SpiT, FF
R, Co Q (R/1) "~ T(R/1) T2(R/I) -
. . l
BlJ.I|dIng V=C W
Weight, W

|



* Seismic Base Shear: V
*V=C,W

* C. : Response Coefficient

> T(s)
Tﬂ =il T5 TE - 5[}1 /SDS



Earthquake Load

- Ground Acceleration, S, Soil Data
Building Type S V. N

Risk, Sps =2/3S,,s=2/3F,S, Site Class
Importance, | S.;=2/3S,,,=2/3F,S, A,B,CD,E,F
;
Response C. = Sos ’ Spr__SpiT, FF
R, Cor O (R/1) " T(R/I) T*(R/I) T
. . l
Bl{l|dlng V=C W
Weight, W
— Design

Seismic Design

Category, SDC
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* Seismic Design Category, SDC

* Larger Seismicity needs Higher SDC

SEISMIC DESIGN CATEGORY (SDC)

There are various correlations of the qualitative Modified
Mercalli Intensity (MMI) with quantitative characterizations
of ground-shaking limits for the various SDCs.

MMIV
MMI V1
MMI VII

MMI VIII
MMI IX

No real damage

Light nonstructural damage

Hazardous nonstructural damage
Hazardous damage to susceptible structures

Hazardous damage to robust structures

SDCA
sDC B
SDC C
SsDCD
sDC E

D 4



* Seismic Design Category, SDC

* More Important (Higher Occupancy Risk) needs

Higher SDC

Risk Category

Nature of Occupancy

I Representing a low hazard to human life in the event of fail
[ Except those listed in other categories
[ Represent a substantial hazard to human life in the event of
failure
AY Designed as essential facilities




Seismic Design Category, SDC

SDC with Seismicity .vs. Occupancy Risk

Sps So1 Level of | & 1l Y
Seismicity |

<0.167 g <0.067 g Very Low A A A

0.167t00.33g | 0.067t00.133 ¢g Low A B C

0.33to0.5¢ 0.133t00.2 ¢ Moderate B C D

>0.5¢g >0.2 g High C D D
>0.75g Severe D




Earthquake Load

- Ground Acceleration, S, Soil Data
Building Type S V. N

Risk, Sps =2/3S,,s=2/3F,S, Site Class
Importance, | S.;=2/3S,,,=2/3F,S, A,B,CD,E,F
ﬁ
Response C. = Sos ’ Spr__SpiT, FF
R, Cor O (R/1) "~ T(R/1) T2(R/I) T
l
Bu.lldmg V=C W
Weight, W
— Design | — :
Category, SDC Seismic Design
Seismic Design

End

equirement
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Seismic Designh Requirements according to SDC

SDC Building Type and Expected MMI  Seismic Criteria

A Buildings located in regions hav- No specific seismic design requirements but
ing a very small probability of structures are required to have complete lateral-
experiencing damaging earth- force-resisting systems and to meet basic stfructural
quake effects intfegrity criteria.

B Structures of ordinary occupancy | Structures must be designed to resist seismic forces.

that could experience moderate
(MMI V1) intensity shaking

C Structures of ordinary occupancy | Structures must be designed to resist seismic forces.
that could experience strong
(MMI VII) and important structures
that could experience moderate
(MMI V1) shaking

D Structures of ordinary occupancy | Structures must be designed to resist seismic forces.
that could experience very strong
shaking (MMI VIlI) and important

structures that could experience
MMI VIl shaking Nonstructural components that could cause injury

must be provided with seismic restraint.

Critical nonstructural components must be
provided with seismic restraint.

Only structural systems capable of providing good
performance are permitted.

Nonstructural systems required for life safety
protection must be demonstrated to be capable
of post-earthquake functionality.

Special construction quality assurance measures
are required.
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Seismic Designh Requirements according to SDC

SDC Building Type and Expected MMI  Seismic Criteria

E Structures of ordinary occupancy | Structures must be designed to resist seismic forces.
located within a few kilometers
of major active faults capable of

producing MMI IX or more intense
shaking Many types of irregularities are prohibited.

Only structural systems that are capable of
providing superior performance permitted.

Nonstructural components that could cause injury
must be provided with seismic restraint.

Nonstructural systems required for life safety
protection must be demonstrated to be capable
of post-earthquake functionality.

Special construction quality assurance measures
are required.

F Critically important structures Structures must be designed to resist seismic forces.
located within a few kilometers
of major active faults capable of

producing MMI IX or more intense
shaking Many types of irregularities are prohibited.

Only structural systems capable of providing
superior performance permiftted dare permitted.

Nonstructural components that could cause injury
must be provided with seismic restraint.

Nonstructural systems required for facility function
must be demonstrated to be capable of posi-
earthquake functionality.

Special construction quality assurance measures
are required.




Seismic Design Requirements for Cracked Sections

Table 6.6.3.1.1{a)—Moment of inertia and cross-
sectional area permitted for elastic analysis at

factored load level

Momen! of Crots-sectional |
Member and condition lmertia Area
Cohmnns 0700
Uncracked 0.70],
Walls S LA = 1
Cracked 0.35I, .04,
Beams 0331
Flat plﬂn!& and Hat slabs 0251 'I
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Seismic Design Requirements
Permitted Analysis Procedures

TABLE 12.6-1 PERMITTED ANALYTICAL PROCEDURES

Selsmic
Design
Category

Structural Characteristics

Equivalent Lateral

Section 12,8

Modal Response

Section 12.9

Selsmic Response

Chapter 16

B,C

Occupancy Category 1 or 11
buildings of hght-framed
construction not exceeding
3 stories in height

"o | Force Analysis

U | Spectrum Analysis

o | History Procedures|

Other Occupancy Category 1
or 11 buildings not exceeding
2 stories in height

All other structures

D.E,F

Occupancy Category 1 or 11

buildings of Light-framed
construction not exceeding

3 stories 1n height

Other Occupancy Category 1
or II buildings not exceeding
2 stories in height

Regular structures with
T <3.5T; and all structures of
light frame construction

Irregular structures with

T <3.5T; and having only
horizomal IITE“[I]&I']UEH Type
2.3.4. or 5 of Table 12.2°]
or vertical irregularities Type
4. 5a. or 5b of Table 12.3-]

All other structures

NP




Seismic Design Requirements for Horizontal Irregularity

SDC Remedial Remedial Measures
Cat. | Sr. Type
B|C|D|E|F|1 3l4(5(6|7 9|Source: ASCE 7-05, Table 12.3.1 and 12.3.2.
la. Moderate: Al > 1.2 Aavg (@) XX (@] X 1.Increase design forces determined by static procedure by
1 lTorsional 1b. Extreme: Al > 1.4 Aavg O X | X olo X 25% for connection of diaphragms to vertical elements and to
Aavg = (A1 + A2)/2 collectors, and for connections of collectors to the vertical
oX[x|o O|0|O[X elements. Collectors and their connections also shall be
B>15% A designed for these increased forces unless they are designed
Reentrant . . -
2 D > 15% C O|0|olo O for load combinations with overstrength factor Qo (ASCE 7-05,
. Corner E > 15% C Section 12.3.3.4).
x 2. Multiply, My, the torsional moment due to accidental
c
o Diaphragm torsion by a torsional amplification A, (ASCE 7-05, Section
= 3 . L. Area XY > 50% AB (el[e][e] (0] o
S Discontinuity 12.8.4.3).
= A= (Amax/l-ZAavg)253
Out of Plane olo e 3: Perform a .3D dynamic analysis wit.h due consi.deration for
4 Out of Plane Offset diaphragm stiffness. Use cracked section properties for
Offsets O |0|o| (@) O concrete elements. Include PA effects (ASCE 7-05, Section
o) o) 12.7.3).
4. Compute story drift, A, as the largest difference of the
5 [Nonparallel Nonparallel System @) O] deflections along any of the edges of the structure at the top
O 0|0} (@) O and bottom of the story under consideration (ASCE 7-05,
la. Moderate: A <70% B or Section 12.12.1).
. A < 80% (B+C+D)/3 5. Use model analysis or more rigorous procedure (ASCE 7-05,
1 [Stiffness 1b. Extreme: A <60% B or OX|X Ofx Table 12.6.1).
A <70% (B+C+D)/3 6. Not permitted (NP) (ASCE 7-05, Section 12.3.3.1).
7. Design columns, beams, trusses, or stabs supporting
2 |weight Mass B > 150% Mass A ololol 1o discontinuous walls or frames to resist maximum axial forces
determined by using the following load combinations with the
_ overstrength factor Qg:
E Vertical (1.2 + 0.2Sps)D + Q,Qe + L +0.2S
3 X>130% Y O|0|0O] O — - i
S Geometry o (0.9 - 0.2Sps)D + Q,Qe +1.6H (ASCE 7-05, Section 12.3.3.3).
> 8. Use100% x +30% vy, if you are using ELF or modal analysis.
olo Use simultaneous application of load, if you are analyzing the
a Inplane 1L structure using a linear or nonlinear response history
Discontinuity olololo o procedure (ASCE 7-05, Section 12.5.3).
9. Maximum heightlimit 30 ft or two stories, unless the weak
story is capable of resisting a seismic force = Qo times the
5a. Moderate: A <80% B design force (ASCE 7-05, Section 12.3.3.2).
5 |Weak Story 5b. Extreme: A<65% B 9 9|0 |X|X O|X 2

Ref: 1. ASCE 7-05- Table 12.3.1./ 2. Reinforced Concrete Design of Tall Buildings,

Taranath, Table 5.23, 5.24

1. Increase 25%
2. Torsion

3. Dynamic

4. Drift

5. Detail Analysis
6. Not Permitted
7. Overstrength
8. Directional

9. Height Limit
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Seismic Design Requirements for Vertical Irregularity

SDC Remedial Remedial Measures
Cat. | Sr. Type
B|C|D|E|F 2| 3| 4| 5| 6| 7| 8| 9]Source: ASCE 7-05, Table 12.3.1 and 12.3.2.
1a. Moderate: Al > 1.2 Aavg (@) X | X (@) X 1. Increase design forces determined by static procedure by
1 lTorsional 1b. Extreme: Al > 1.4 Aavg o) X X ololo X 25I°f> for connedcl;ion of diaphragmfs to”vertical el ehments an(I:I to
Aave = (A1 + A2)/2 collectors, and for connections of collectors to the vertica
-t v O [X]X O|O|O[O|X elements. Collectors and their connections also shall be
Reentrant B > 15% A designed for these increased forces unless they are designed
2 D> 15% C O |0|lO (@) for load combinations with overstrength factor Qo (ASCE 7-05,
= Corner E>15% C Section 12.3.3.4).
*E 2. Multiply, My,, the torsional moment due to accidental
S Diaphragm torsion by a torsional amplification A, (ASCE 7-05, Section
= 3 . o Area XY > 50% AB (el[e][0) (@) 12.8.4.3).
= Discontinuity
- A, = (Bmax/1.20,,5)°<3
Out of Plane ol|lo @) 3: Perform a _3D dynamic analysis wit_h due consi.deration for
4 Out of Plane Offset diaphragm stiffness. Use cracked section properties for
Offsets O|o|lo O|O (@) concrete elements. Include PA effects (ASCE 7-05, Section
12.7.3).
o o 4. Compute story drift, A, as the largest difference of the
5 |[Nonparallel Nonparallel System o o o deflections along any of the edges of the structure at the top
oO|0o|lO (@) (@] (@) and bottom of the story under consideration (ASCE 7-05,
la. Moderate: A <70% B or Section 12.12.1).
. A < 80% (B+C+D)/3 5. Use model analysis or more rigorous procedure (ASCE 7-05,
1 |Stiffness 1b. Extre(me: A <)60% B or O XX ox Table 12.6.1).
A <70% (B+C+D)/3 6. Not permitted (NP) (ASCE 7-05, Section 12.3.3.1).
7. Designh columns, beams, trusses, or stabs supporting
2 |Wweight Mass B > 150% Mass A ololo o) discontinuous walls or frames to resist maximum axial forces
determined by using the following load combinations with the
= overstrength factor Qg:
_; Vertical (1.2 +0.2Sps)D + Q. Qg + L+ 0.2S
5 3 Geometry X>130% Y O|0|O o (0.9 —0.2Sps)D + Q,Q + 1.6H (ASCE 7-05, Section 12.3.3.3).
= 8. Use 100% x +30% vy, if you are using ELF or modal analysis.
Use simultaneous application of load, if you are analyzing the
a Inplane 11> L o|o structure using a linear or nonlinear response history
Discontinuity ololo o o procedure (ASCE 7-05, Section 12.5.3).
9. Maximum height limit 30 ft or two stories, unless the weak
story is capable of resisting a seismic force = Qo times the
5a.Moderate: A <80% B design force (ASCE 7-05, Section 12.3.3.2).
5 |Weak Story o e et B 9| 9|o|x [x o|x 9 g ( , )

Ref: 1. ASCE 7-05- Table 12.3.1./ 2. Reinforced Concrete Design of Tall Buildings,

Taranath, Table 5.23, 5.24

1. Increase 25%

2. Torsion

3. Dynamic

4. Drift

5. Detail Analysis
6. Not Permitted

7. Overstrength

8. Directional

9. Height Limit



Living with earthquake

Earthquakes and the world
* Earthis 4.6 billion years old
* Oldest human identified 100,000 years ago

* Human civilization started 10,000 years ago
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PUBLIC OUTRAGE

ACTUAL HAZARD
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Risk Perception

TERRORIST ATTACK
GCUN CRIME
BIRD FLU

- TOCK PORTFOLIO CRASH
PLANE CR

HEAT

CREDIT CARDF
PEDESTRIA

CANCER
HEART CONDITION



Probability of Dying in any One Year

Cause Risk Consequences
Motor vehicle accident1 in 100 Low
Smoking 10 cigarettes a day1 in 200 Low
All natural causes, age 401 in 850 Low
Any kind of violence or poisoning1 in 3300 Low
Influenzal in 5000 Medium
Leukemial in 12,500 Low
Asteroid or comet impact1 in 20,000 Very High
Playing field sports1 in 25,000 Low
Accident at home1l in 26,000 Low
Low Probability — Accident at work1 in 43,500 Low
High Consequences Nuclear War1l in 50,000 Very High
Tornado1l in 60,000 Medium
Floods1 in 100,000 High
Earthquakel in 2,000,000 High

Hit by lightning1 in 10,000,000 Low
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What is

. Sudan

Risk: 7.0

A ¥r brend: =
Hazard: 7.2
WL FaE Ny 67
Latk of coping

capacity: 7.0

¢+ Syria

Risk: 6.9
3 ¥F trend: =
Hazard: 8.5
Vs abilily: 6.9
Lak of cop

capacity: 5.7

. Irag

Rish 6.8

3¥r trend:
Hazard: 7.6
vulnerabliily: 6.1

Chad

Risk: 7.8

3 ¥r trend: 7
Hazard: 7.2
Vuirerability: 7.4
Lak of coping
capacity: 8.9

Migor

Risk: 7.2

2¥r trend: A
Mazard: 7.1
Vulperabilily: 7.0
Lack of

capacity: 7.6

Central Arrica
Hepublic

K ?

Congo DH I sauth Sudan
Risk: 7.1 RISK: 9.0
A¥r trend: A 3 ¥r trend: A
Mazard: 6.2 Hazand: 0.3
Vulnerabiiity: 7.3 Wulnorabiiity: 9.4
Latk of coping Lk of copling
capacity: 5.0 capacity: 9.
o *0 L1 50
WEY I
Wory low | Cres kot High

] somalla

Risk: 9.1
1 ¥r trend: =+
Hazard: 8.9

Vignerablimy: 9.4

Lack af coplng
capacity: 9.0

JELY

. Afghanistan

. Risk: 7.7

3 ¥r trend: =
Hazard: 8.7
Vulnesability: 7.1
Lack of copirg
capacity: 7.5

Myanmar
Risk: 6.4
3 ¥ tremd: =
Hazard: 7.5
Vulnorabllity: 5.5
Lack of coplng

capacity: 6.4

Yo rmen

Risk: 7.6

3 Y1 trend. =
Hazard: 8.1
Yulnerablity: 6.9
Lack of Coping

capacity: 7.9

A incroasing risk = Stable ¥ Docreasing risk

M I et
i BRI A
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sk Terminology

Exposure
Exposure

Risk
Vulnerability

Hazard

Risk

Risk = Hazard x Exposure x Vulnerability

Vulnerability
Hazard

Risk

Hazard

Exposure
Vulnerability



Flement of Risk

Risk = Hazard x Exposure x Vulnerability

Exposure Vulnearability
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Risk Terminology

Risk = Hazard x Exposure x Vulnerability

No Exposure

No Risk

HNV
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Risk Terminology

Risk = Hazard x Exposure x Vulnerability

Medium Exposure
Medium Risk

No Exposure

No Risk =

HV HV
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sk Terminology

Risk = Hazard x Exposure x Vulnerability

Medium Exposure High Exposure
No Exposure
Medium Risk High Risk
No Risk = E

HV HV M/
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Risk Terminology

Risk = Hazard x Exposure x Vulnerability

Vulnerability

2

N Medium Exposure High Exposure Disaster
o Exposure
Medium Risk High Risk
No Risk = E

HV HV HV D,




Flement of Risk

Risk = Hazard x Exposure x Vulnerability

Exposure Vulnearability



Hazard

* Act of Nature

* Can not be controlled

\ 4

Risk = Hazard x Exposure x Vulnerability

Exposure Vulnearability



EXposure

* Act of Human

* Urbanization: Global Trend

\ 4

Exposure \/ulnzrability
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Vulnerability

* Act of Human
* Reduce Vulnerability
* Increase Knowledge

* Enhance Resilience

¥

Risk = Hazard x Exposure x Vulnerability

Exposure

Vulrierability



Risk Reduction

Reduce Vulnerability
* Increase Knowledge
* Enhance Resilience

¥

Risk = Hazard x Exposure x Vulnerability

______
e
7
7’
Y4
/

Reduce Exposure |
* Control Urbanization |
* Mitigate from High Risk

Areas < _

~
e =

e e
- -~

\~—_—’
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Reduce Exposure

* City Planning
* Control Urbanization

* Mitigate from High Risk

dlreas

* Invest more in Infrastructure

and Life Lines

S \ \\

T S e al b o e T SV ——
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Reducing Vulnerability

* New Building

* Engineered Building = Control by
Building Code

* None Engineered Building = Public

Education

* Existing Building

* Visual Inspection
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Thanks
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