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Disaster Management

Four main phases in order to lessen the impact
of disaster:

1. Mitigation (actions taken to prevent or
reduce the cause, impact, and consequences
of disasters)

2. Disaster preparedness (pre-event planning,
training, and educational activities for

4. Recovery plan

Before Event

Disaster
Management




/Dlsaster Preparedness: pre event

plannlng and mltlgatlon

e \What to do before occurrence of a destructive
earthquake?

1. ldentify the hazard itself (earthquake hazard)

2. Calculate the hazard (gathering all information that is| =~ | -

needed,...)

3. Translate the information and resulted hazard (e

calculation to the practical outputs (regulations,
national building codes, urban planning,...)

4. Development of the Earthquake Early Warning (EEW)
and Rapid Response systems to be used during and
shortly after earthquake occurrence.
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Iran Seismicity

e lran is located in the mid Alpine-Himalayas
seismic belt

e Experienced many destructive earthquakes:

Buin-Zahra earthquake (September 1, 1962 -M7.2, -
12000 casualties)

Dasht-e Bayaz and Ferdows earthquakes (August 31,
1968 -M7.3; Septemberl, 1968 -M6.4 -15000 death)

Tabas earthquake (September 16, 1978 -M7.4 -18000
death- damage~ $11 million),

Rudbar-Manjil earthquake (June 21, 1990 -M7.4 -
35000 -50000 death- 60,000 injured - $8 billion
damage (National Geophysical Data Center)),

Bam earthquake (December 26, 2003-M6.6 -exceed
40,000 deaths-30000 injured- 75000 homeless-
damage~ $290 million -iiees).

Sarpol-e Zahab earthquake (November 12, 2017 -
M?7.3- 630 deaths- 8,100 injured-70000 homeless-
damage~ $1.25 billion)
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Some Basics

e \What is earthquake?

e Most common and most destructive
natural disaster

e Sudden release of stored strain
energy accompanies fault slip and
generates seismic waves

Kobe earthquake (M6.9), 1995
» Seismic wave travel through the http://www.coolgeography.co.uk

earth’s crust and cause the shaking Fault scarp
that we feel.

Scattering of seismic waves from the
epicenter to the surrounding are

1 \
Wave fronts S
Fault :
ght University of Waikato. All Rights Reserved




Sarpol-e Zahab earthq

Earthq uake EffeCtS photo by M. Shahvar

e Ground Shaking (causes most of damage)
e Caused by the passage of seismic waves

e Damage to the life lines:

» Networks include power, energy and telecommunication
systems, transportation, water and sewage, gas and fuel
liquids, and waste collection systems.

» Severe economic consequences; Adverse effect on the
environment and quality of life after an earthquake

e Liquefaction:

 Occurs when a saturated or partially saturated soil loses e ¢* # SESSSSDZE
strength and stiffness in response strong ground shaking S = i

Liguefaction after the 1964 Niigata earthquake, Japan
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Earthquake Effects

e Tsunami:

» Giant waves caused by earthquakes or volcanic
eruptions under the sea

e Landslide

* The movement of rock, earth, or debris down a sloped
section of land.

» The biggest landslide— Seymareh, Iran in Southwest
Iran (about 30 billion tones of rock moved in a single
event!)

e Fire

» Fires, often associated with broken electrical and gas
lines, is one of the common side effects of earthquakes

Loma Prieta, CA 1989. https://www.nbcnews.com
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Earthquake Recording

e Seismograph (seismometer)

e An instrument used to detect and record
earthquakes

e Seismogram
e A graph output by a seismograph.

 |tis arecord of the ground motion at a
measuring station as a function of time.

Surface waves

P-wave S-wave

| !

Seismogram recorded in the UK froma
distant earthquake

Support

Base anchored
into bedrock and

Cable
/ Suspended
mass

Marker

~

North

>

C

(B0 7

22:20:00 30000 4000

Tirme (hr:min:sec)

ttps://socratic.org/

VE-5x Seismometer.
WWW.geosig.com

/Rotalmg drum




o N
Seismometer and Accelerometer

fortimus

Measures the velocity of a point on the ground
during earthquake

» \ery sensitive instrument that can detect
movements of the Earth's surface at far distances.

e Seismograms used for science (earth structure,

velocity of layers,..)
Guralp Fortis and Fortimus strong motion accelerometers

e Clips for strong earthquake in close distances
(saturate)

Corrected Acceleration (cmlsz), Station: Sarpolezahab

e Accelerometer: 400

e Measures the acceleration of a point on the
ground during earthquake

200

 Designed to measure the large amplitude, high-  °

frequency seismic waves typical of large local g 200
earthquakes. Q"
-
» Less sensitive with wider range (x29) -400
» Accelerograms used more for engineering 600 -
application
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/Earthquake Scaling

e Magnitude scales originated because of:

e Different type of Magnitudes

Desire for an objective measure of earthquake size

Calculation using the amplitude of signal on .
seismograms.

Only one number for each earthquake (ex; M7.3 for
Sare Pole Zahab Earthquake)

Related to the released energy.

\@Dismnm P-8S

such as: mb, Ml, Ms, Mw,... depending on what part of
signal is used.

8
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e Earthquake intensity:

~

-
A~

Measures the strength of shaking produced by
the earthquake at a certain location.

Different numbers for each earthquake (varies
from place to place -decreases as it moves away
from the epicenter)




Earthquake Hazard Actions with Time
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e The EEW system is composed of:
e Seismic stations
 Real-time data communication system
 Central processing center
» Broadcasting system earthauake

e \When a seismic event occurs:

e Close stations triggered by P-waves

communication system

e Ground motion central

processor

Controlling factory lines
--=> To mitigate damage

e Estimate source parameters (magnitude, location,
intensity, ...)

controlling elevators
-=> To prevent people from

) distribution network being trapped
¢ Information user

===

A ? Workers performing

.
P ] )
-\ nr l.ﬂ-a:ﬁ":::::::::fetv Sl
K v miwakes | hittps://Www.jma.go.jp

/Earthquake Early Warning System (EEW

arly ywwarninag

potential
user

To prevent
traffic accidents

~

At home

-=>To guide evacuation

Alerting schools and assembly halls
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Sun Nov 12, 2017 18:18:17 GMT M 7.3 N34.81 E45.91 Depth: 18.0km [D:IR201711121818

nse System: ShakeMaps

e First time was introduced by Wald
Location (1999) for south California

o Utilized in Italy, Switzerland, Romania
and Portugal.

e Uses available data to show the event
parameter (intensity, PGA,..)

e Application
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e 1stphase (1972-1990, by Mr. Moinfar)

e 270 SMA-1 accelerographs

» Recorded Tabas earthquake (9 records)

* Recorded Rudbar-Manjil earthquake (23 records, a real near
fault 3 component accelerograms)

e 2" phase
e Started in 1992
e 1238 units of digital accelerographs (SSA-2).
e 1992 -1998, more than 1,100 units were installed.
e 60 Guralp CMG-5TD digital instruments in 2006.

Guralp CMG-5TD
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d % ; Bam, 2003
2"% phase R = et
* Recorded many large earthquakes such as: = T T I 3 £ & £ 3

e M®6.6 Bam Earthquake (27 records, PGA ~ %98 g was recorded on vertical component in Bam station)

e Twin Ahar—Varzagan earthquakes of August 11, 2012 (First event, M6.4, 57 records; Second event , M6.3, 75 records)

e  Eastern Turkey earthquake of 23,0ctober 2011 (M7.0, 11 records)

e September 24, 2013 Awaran- Pakistan earthquake (M7.7, 9 records)

*  November 12, 2017 Sarpol-e Zahab earthquake (M7.3, 113 records)
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BHRC ShakeMap : TorkmanChay
Thu Nov 7,2019 22:47:05 GMT M 6.0 N37.69 E47.56 Depth: 10.0km |D:IR201911072247
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VI S I O n earthquake, November 8, 2019 i
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e Ina section of the Iran Fifth development Plan, the ISMN o
development has been emphasized |

e Buying more than 2000 devices has been predicted in development .. -
phase.

375

e Replacement of old instruments

r

e Design and installation of RRS and EEWS in the major cities

36.5°

* 50 down-hole arrays

36" e

e Monitoring of bridges and other critical facilities
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Main Organization for Pre- event phase
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e Supreme Council of Urban Planning and Architecture of Iran (lead the : :

construction studies in order to safeguard the buildings against natural @)
disasters,...) :
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e |ranian Seismological Center (Seismic data, Education, Research,..)
: _ 1955 ane LIS g pullid gyes) gyla)lus
* Geological Survey of Iran (Geological maps, hazard maps, ...) — GEoLOGKAL BURVEY & MINERAL EPLORATION OF IRAN

e National Disaster Management Organization (NDMO)

2nd edition: started after Manjil earthquake, published in 1999
31 edition: started after Ghaenat earthquake, published in 2005
4t edition: 2009 started-published in 2014

After Sar Pole Zahab earthquake: Appendix to the 4t edition, entitled “Design and
Execution Criteria for Non-structural Components” s

(* Ralyes)

» Road, Housing & Urban Development Research Center (ISMN, 2800 | Ju“ A,
National Building code, other research departments) e
 Iranian Code of Practice for Seismic Resistant Design of Buildings, Also

known as Iran national Standard No. 2800.
_ _ el 21 b aelinT
2 Years after Buin-Zahra earthquake, first steps have been taken
. _ APy
1t edition: 1988 published by BHRC
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New Disaster Management Law

e The new Disaster Management Law has been
adopted by the Parliament in August 2019.

o Different ministries, research centers, army forces,
red crescent, and organizations ,.. are involved.

e The responsibilities are described and every
organization knows their job and how to collaborate
with other sectors.

* In case of earthquake, BHRC has very important
responsibilities such as:

e Generating hazard maps,
» Revising the active fault maps,

* Inspecting the important buildings and critical
lifelines,

* ISMN is responsible for generating the ShakeMaps.
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Professional and Public Education

e Professional Eucation:

e Universities and research centers such as: Institute of
Geophysics, International Institute of Earthquake
Engineering and Seismology (IIEES), Sharif University,

e Public Education:

o After each disaster, information is collected and
documented in universities, research centers, ...

e Share the data, information and lessens in technical
convention (with expertise, students, researchers,
practitioners,..)

» General educational course by NDMO

» “National Earthquake and Safety Drill” in schools
performed each year by collaboration of IIEES, Student
organization, NDMO, and Iranian Red Crescent Society.

» Safety House: Voluntary organization at city districts by
NDMO - promoting the preparation and safety of the

@ city and citizens in case of disasters.

ool g 5 5yl s 39l (300K g Cunnt
21+ “National Earthguake and Safety Drill”
2019

VWA TS B
231G dmola

Safe Schools
Resilient Communities
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J. V. Harrison and N. L. Falcon, An Ancient Landslip at Saidmarreh in
Southwestern Iran, The Journal of Geology, Vol. 46, No. 3, Part | (Apr. - May,
1938), pp. 296-309

Javadi et al., 2015, Tectonic reversal of the western Doruneh Fault System:
Implications for Central Asian tectonics, Tectonics 34(10):2034-2051

-




n A

~ AN Nt
CAl I U C'J Il.

Liv/snnN Nt v
L |

ypuU N

e Hypocenter: the point within the earth where an
earthquake rupture starts.

e Epicenter: is the point on the earth's surface vertically
above the hypocenter

aYg a
Ol |\

Epicenter

Hypocenter

@ (Davidson et al, 2002)




