Earthquake Risk Mitigation from

Engineering Perspectives

@%GO C CC\H DD GOQ)
@%G’Dg C 398('” $OO’J 39&)8861][(3
SHeet

J()JJI S@ECDDC\) Q qoo



30§3C: 3200:60:000C§:0D 6@ T

Oll GODIIMYQPND §23C0OPO6)§ e
i eszmgp: a§:q)08Cep) 383dGP: Fosemot: |

pract y guidante,
and capacity building
502503

coocoad

I cons(§o8Ealg cogpgjece: 3RS C:8{qoss
cil [gEsoCeezapicdqpeal 3206020 (g§copd
cpeoontese apocqp: 03¢ 38emnligdemant
p56800036,4



2000006902 (4R34

Rgueg

RWIAON

20320

lRquwaidas

>

Isn3ny

Alnr

Season

aunr

Az

e —

|lady

5

22|22

PR

2 | Medium Risk [[8 High Risk

Aleniga4

Alenuer

mepiAdAen

uojday uoFueyp

uojday IAleyjuiuy )

uojday Jujedes

23835 URYS

2 2-IIIIIIIIIIIIII-I EEgEEpEEpREEEEEEES

SRS eujpRy

21e3S UOA

uoiday Aejepue |y

uojdoy AemBe |\

ajejs uiAe)

21835 yede)

33835 Ujyde)

3e3s uiyd

uojday odeg

ApemieAsAy

2 T LY

21| &2

Regions

States and

Hazards

High Wind
Earthquake

Conflict and civil unrest

Flood

Tsunamis

Landslides

Drought

Forest fire
City fire
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Cause Risk Consequences
Motor vehicle accidentl 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
g OS%(TS%EG[§§ S, D P'iji.ng field sports1 fn 25,000 Low
Mo 00 o ccident at home1l in 26,000 Low
OQ-IOO@ 2 ZO0ORM Accident at work1 in 43,500 Low
- Nuclear War1 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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Visualizing Earthquake Force

-mg sin 0
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Visualizing Earthquake Force

-mg sin 0
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Visualizing Earthquake Force

-mg sin 0
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Richter Scale

Each level indicates:
|0 fimes the amount of shaking &
33 times the amount of energy
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7 |
10 / STRONG
iOﬁ Y MODERATE

Mﬂgﬂi'l'llde (amount of energy released)



Modified Mercalli Scale M| g

| | Detected only by sensitive instruments 0.00

Felt by few persons at rest, especial
Il | on up:-nr ﬂup;ru:ddimm aunpmdu'ﬁ

objects may swing 0.00

]

Feit noticeably indoors, but not always
Il |recognized as earthquake; standing autos| 2.5

rock slightly, vibration like passing truck 0.01

Felt indoors by many, outdoors by few, at 3
IV |night some may awaken; dishes, windows,

doors disturbed; autos rock nnﬂ’mhl*,r 0.02

Felt by most people; some breakage
vV of dishes, windows, and plaster;

disturbance of tall objects 0.05

-

Felt by all, many frightened and run
VIl | outdoors; falling plaster and chimneys,

damage amall 0.11

-
]

Ev rung cutdoors; damage to
VIl | bulldings varies depending on quality of

construction; noticed by drivers of autos 0.25

Panel walls thrown out of frames; fall of
VIl | walls, monuments, chimneys; sand and
mud gjected; drivers of autos disturbed

in
in

0.57

i

Buildi shifted off foundaticns,
IX cracked, thrown out of plumb; ground
cracked; underground pipes broken

1.27

[ 3
in

Most masonry and frame structures
X destroyed; ground cracked, rails
bent, landslides

2.83

w earthouake resistance

tance )

=

Few structures remain standing; bridges
X1 | destroyed, fissures in ground, pipes

broken, landsiides, rails bent .34

=4
in

Damage total; waves seen on ground
Xl | surface, lines of sight and le
distorted, objects thrown up in air

High earthquake resistance Low earthquake resistance

14.19

h
EII[IIII|II|||[III[IJII1|||I|I H|I| I|I!Il !IIIIlIIIIIIIIIlIIIIEI]] |I|Il

[

High earthquake resistance Low earthquake resistance
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Adjust for Building Period
=Approximately T = Number of Story / 10
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‘ Recirculating Smoke

.; * Room temperature in excess of £
& | 900°F (a83°C) R
‘ * All combustible surfaces are =

-;;l burning as are the gases
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Temperature (°C) What happens

1000

900 Air temperatures in fires rarely exceed this level, but flame
temperatures can rise to 1200°C and beyond.

800

700

600 Above this temperature, concrete is not functioning at its full structural
capacity.

550-600 Cement-based materials experience considerable creep and lose their

loadbearing capacity.

Strength loss starts, but in reality only the first few centimetres of
concrete exposed to a fire will get any hotter than this, and internally
the temperature is well below this.

250-420 Some spalling may take place, with pieces of concrete breaking away

from the surface.
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Plume Development Pre-flashover Flashover
* Risk reduction through * Risk reduction through <+ Risk reduction through
planning and pre- planning and pre- planning and pre-
engineering engineering engineering
« Early warning * Sprinkler system * Compartmentali
system- smoke * Portable fire zing
detector extinguisher  Adequate fire
* Sprinkler system e Internal fire fighting service
 Portable fire prevention system,
extinguisher fire water tank

capacity
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