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Preface

In the quiet of our daily life, the
Earth often passes under our feet
unnoticed, a firm foundation on
which to build our world. However,
underlying this seemingly quiet
surface lays an unimaginable force -
an earthquake. Throughout history,
these seismic events have reshaped
the landscape, shaken civilizations,
and left indelible signs of human
memory.

This handbook aims to provide
simple and  easy-to-understand
information about earthquakes and
how to deal with them, without the
need for a specialized scientific
background. When we turn pages,
we will reveal the mechanisms that
trigger these shocks, look at the ways
in which societies have sought to
mitigate their destructive power, and

gain insight into the resilience of the
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individuals and communities who
have faced this devastating disaster.
May it serve as a reminder of our
shared weakness and our shared
responsibility to understand and
coexist with the seismic forces that
shape our life? We hope that this
handbook will contribute to raising

awareness and reducing concern

about this natural phenomenon.

It is God's good luck
Author
25 September 2023
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Earthquake

It is a sudden shaking of the Earth
caused by the sudden release of the
elastic energy stored in rocks along
weakness planes (fractures and
faults), which in turn generates
waves called elastic waves or
seismic waves that travel in all
directions away from the initial

rupture point. The Earth shakes

when these waves pass.
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Seismology

Science dealing with earthquakes
and related phenomena, including
the study of the behavior of elastic
waves generated from artificial
sources (e.g. explosions) and the
properties of the media in which
such  waves are  travelled.
Seismology took its modern form a
little over a hundred years ago. The
development of seismology in its
modern form has contributed many
scientists from different countries,
perhaps the most famous of which

frequents on the tongues of the

ordinary audience is Charles
Richter, in addition to Beno
Gutenberg, Inge Lehman and
others.
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Elastic (Seismic) Waves

They are waves naturally generated
by the earthquake or artificially by
the explosion as a result of the
transformation of part of the elastic
energy released into mechanical
energy. Seismic waves travel
through the Earth's or along or near
the Earth's surface. Seismic waves
travel at several kilometers per

second. Seismic waves are on two

types:

* Body Waves

* Surface Waves

Body Waves

The waves are traveling inside the

Earth, and are of two types:

1. Primary (longitudinal) Wave (P-

Wave)
It is the first seismic wave detected
by seismometers. It travels in all

liquid and solid media. They are
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also called compressive or
longitudinal waves, and cause the
vibrate

by

rarefaction and so on and towards

medium  particles  to

compression followed
wave propagation and in a manner
similar to acoustic waves moving
back and forth as the waves move

from source to receiver. P wave is

the fastest seismic wave.

(2) Secondary (Shear) wave (S-

Wave)

They are waves that travel in hard
media and cause the particles of
those media to vibrate vertically on
the direction of the wave's
propagation. The secondary wave is
slower than the initial wave. Due to
fluid intolerance to shear efforts,
secondary waves do not travel in

fluids such as water, molten rock or

the Earth's outer core.
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P Waves

. U —

S Waves

A, 58 gl

Surface Waves

They are the waves that move near
and over the surface of the Earth.
Surface wave velocity is slower
than body wave. There are two

types of surface waves generated
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by the earthquake:

Love Waves

(D

They are the surface waves that

move in a back and forth horizontal

motion.

(2)  Rayleigh Waves

They are the surface waves that
carry energy along Earth's surface
by elliptical particle motion which

appears on the surface as a ripple

effect.
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Love wave

wave direction

Rayleigh wave
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It is the point on Earth's surface Cl"“ Je C:"J‘U A el 5,50
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directly above the location (focus) ) )
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of the earthquake below the

surface.
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depth.
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Ladand 534
Epicentre

Earthquake Size

Two scales are used to describe the
size of an earthquake: one is a
qualitative scale, a seismic intensity

scale, and the other is a quantitative

scale, a seismic magnitude scale.

Seismic Intensity Scale
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It is a qualitative measure of the
amount of ground shaking an
earthquake produces at a particular
site, based on human observations
of the effect on human structures
and  geologic  features. The
Modified Mercalli Intensity scale

uses Roman numerals from [ to

XI1I.

Seismic Magnitude Scale

It is a number that characterizes the
size of an earthquake by recording
ground shaking on a seismograph

and correcting the distance to the
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numbers on the Richter scale (1 to

9.)

Seismometer Sl L

Sensitive equipment that can detect

waves emitted even from the lowest
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amount of earthquakes.

Seismograph
It is an instrument that records

vibrations of the Earth, especially

earthquakes.

Seismogram

It is the record of earthquake
ground motion recorded by a
seismograph. Analog earthquake
record (paper or electronic copy)
and digital (computer) are used to
location  and

determine  the

magnitude of the earthquake.
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Surface waves \
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Seismic Station

It is a site containing a seismometer
and seismograph for routine
monitoring of earthquakes. Seismic
stations are now provided with
modern means of communication

to monitor the station's work and

transfer its data.
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Earthquake Sequence

Earthquakes are not isolated events,
they occur in sequence. Most often,
each sequence of earthquake is

dominated by a larger magnitude
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earthquake  than all other
earthquakes in the sequence
(usually approximately one unit
larger. (

Main Shock

It is the earthquake that possesses
the largest seismic magnitude in the
sometimes

earthquake sequence,

preceded by one or more

earthquakes, and often followed by

aftershocks.

Foreshock

It is the earthquake that precedes a
larger earthquake, or main shock,
and originates along the same fault

as the main shock. Not all main

shocks have foreshocks.

Aftershock

It is the earthquake that follows a
larger earthquake, or main shock,
and originates along the same fault
as the main shock. Aftershocks can

last for weeks, months or years.
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The larger magnitude main shock,

followed by higher seismic

magnitude and number aftershocks,

lasts longer.
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Seismicity is the spatial and ’
temporal distribution of Sl gl gl C}’jﬁﬂ b
carthquakes. Area seismicity is | JSis ik &JI5 e e 4,V

expressed in the form of maps,

tables or so-called earthquakes

catalogue.
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Historical Seismicity
Historical seismicity is study of the

earthquakes that occurred before
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the beginning of the era of
automated recording of
earthquakes, specifically at the

beginning of the twentieth century.

Paleoseismicity
Paleoseismicity is the study of
occurred

earthquakes over

geological time that left traces or

signals preserved in rocks.
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Induced Seismicity

Induced seismicity is the study of
earthquakes that result from human
activity that changes pressures and
stress in the Earth's crust. Most
have low

induced earthquakes

magnitude.
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Seismic Hazard

Seismic hazard include natural

hazards associated with

earthquakes that are likely to cause
harm and affect people's normal
This surface

activities. includes

I
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faulting, ground vibration, land,

soil liquefaction and tsunami.

Seismic Risk

It is a probability of exposure of
human and engineering facilities to
loss seismic

or damage from

hazards.

Tsunami

It is a Japanese term that refers to
harbor waves and is commonly
called seismic sea waves due to an
undersea earthquake, underwater or
landslide, volcanic

coastal or

eruption.
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Earthquakes Prediction
Earthquake prediction is defined as

the exact determination of the

predicted earthquake's location,
time and magnitude. From the
definition, accurate  prediction

shows that three questions must be
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answered: where is the earthquake?

When is the earthquake? What is

the earthquake magnitude?
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Earthquakes Recording

Earthquakes are recorded by a
network of seismic stations. Each
seismic station measures the Earth's
movement at that location. The tool
used to record and measure these
vibrations is called seismograph.
Traditional seismographs consist of
a seismometer with a signal
amplifier, and a display unit often
printed using photographic or heat-
sensitive paper. In these traditional
seismographs, the Earth's
movement is recorded in paper. In
modern seismographs, the display
is replaced or augmented with a
digitizer and either local digital
storage (e.g., CDs) or a telemetry
system using radio, telephone or
the Internet to send the digital data

stream to a central recording and

analysis site.
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Seismic Network

The seismic network is defined as a
group of stations that work together
to collect and analyze data. Seismic
stations that operate independently
can be considered a network if the
data from these stations are linked
and processed together. Before 1960,
there were generally individual
seismic stations operating
independently. Each station analyses
its recordings and takes notes, which
are usually sent to a central location.
If there are several stations operating
in a country or region, it is possible
to talk about networks. In the 1960s,
seismic networks began to operate
and were mainly designed to record
micro-earthquakes, and the distances
between stations were from a few

kilometers to a few hundred

kilometers.

With the evolution of
communication capabilities to cover

the whole world, seismic networks
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can now be local, regional or global.
The main elements of a modern
seismic station are the vault, the
seismometer, the digitizer, storage
and communication. Seismic
networks can be very small like
mining networks locating micro-
earthquakes to global networks
recording data from the whole world.
A special application of a seismic
network is to make an early warning
system, which should be able to
make an alarm a few seconds after
the of a

occurrence strong

earthquake and before the damaging

wave front arrive to a town.

The size of the network and its
purpose will to a large extent
determine the type of sensor to use.
Micro-earthquakes can be recorded
adequately with small seismometers,
while global earthquake recording
requires broad band seismometers.
As communication and processing
often determine network operation,

physical communications, standards
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used and central processing software
has become important elements of
the network. For new networks,
almost

be

internet connections are

mandatory, so stations will
connected by Ethernet. This is most
often done with public networks
through phone cables (ADSL) or
mobile  networks. When not
available or too expensive, satellite
connections are used. The data
transmission must be able to send
the data without errors and recover
from transmission breaks of a few
hours to some days. While
commercial system can do that, the
most reliable standard is the public
SeedLink protocol. Central software
is used to receive and record data in
real time, require retransmission if
needed, detect events and possibly
automatically locate the events and

determine magnitude. The most used

systems are the public domain
EarthWorm and SeisComp
programs.
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The purpose of a seismic network is
primarily to locate earthquakes and
The

determine magnitude.

earthquake location generally

requires three or more stations.

Examples of Seismic
Networks

Global Networks

Global Seismograph Network

(GSN)

The Global Seismographic Network
is a permanent digital network of
state-of-the-art seismological and
geophysical sensors connected by a
telecommunications network,
serving as a multi-use scientific
facility and societal resource for
monitoring, research, and education.
The IRIS/Global Seismic Network
(GSN) is a typical example of a real
time seismic network from many
different agencies. This global
system consists of more than 150

seismic broadband stations. The data
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is collected in real time at the
Incorporated Research Institutions
(IRIS)  data

for  Seismology

management Center from where
there is open access to real time and
past data. The users then do not have
to connect to the individual stations.
This is by far the most important
seismic network in the World. The
Global Seismographic Network is a

cooperative

(IRIS) and the U.S. Geological

partnership  between

Survey (USGS).
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Global Seismograph Network

International Monitoring

System

International Monitoring System
(IMS), has been set up aimed at
monitoring  the
Nuclear-Test-Ban Treaty (CTBT).

The IMS consists of 276 certified

Comprehensive

stations of which many are arrays
with real time data transmission to
national data centers and the IMS
center in Vienna where the main
processing takes place. The latter
provide data on request to the

national data centers, but not to the

public.
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Regional and Local
Networks

Japanese Seismic Networks

Japanese seismic networks are
mainly operated by the Japan
Meteorological service and the
National Research Institute for
Earth  Science

Prevention (NIED). In addition to

and  Disaster

these organizations there are many
locally operated networks and
Japan has the largest density of
seismic stations of any country
with several thousand stations. The
Hi-net has about 800 SP stations in

boreholes, the F-net has 70 BB
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stations and K-net about 1000

accelerometers. A  variety of
methods is used for data
transmission and detections,

however it should be noted that the
K-net works by sending the event
triggered data to a central location
so the network is not centrally
controlled whereas the Hi-net and
the F-net transmit real time data
continuously. The JMA network
consists of 622 stations. The Hi-net
data are sent to the Japan
Meteorological Agency (JMA) and
used by the “Earthquake Early
Warning”

system, operated by

IMA.
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o Japanese Seismic
Networks :

Southern California Seismic

network (SCSN)
The SCSN is one of the larger and

most automated networks in the

world consisting of a mixture of

different kinds of continuous

systems using a large variety of

equipment and communication

means. It is interesting to note that,

despite the high technological

level, there are still 125 simple
stations in the

robust analog

network. Due to the variety in
the

communication  methods,

network is very robust since it
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unlikely that all methods will fail at
the same time. The network is a
of
California Institute of Technology,
Pasadena (CALTECH) and the
U.S.

cooperative  project the

Geological Survey. This

network and the Northern

California network have been early
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pioneers in setting up local
networks.
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The idea of establishing an Iraqi
seismic network dates back to
1968, when the seismologist
Karnik of the University of Prague
proposed establishing an
observatory for the recording of
earthquakes in Iraq. The Ministry
of Higher Education and Scientific
Research formed a team to study
the feasibility of establishing an
earthquake monitoring network in
Iraq. A final report was submitted
to the Ministry of Higher
Education and Scientific Research
in March 1972. In 1976, the
Scientific Research Foundation
requested the Ministry of Higher
Education and Scientific Research
to lend Dr. Sahil Alsinawi part-time
services to establish the proposed
earthquake observatory in Iraq. The
seismic monitoring unit of the
Scientific  Research  Institution
(which subsequently became the
Scientific Research Council) was
established as an independent body

dedicated to monitoring

G5 o, 888 LS, Sl &yluy 5 g0
Il 55 o 1968 ol ] 431,
sl El sl e Eisls @ I3V
IS B 3 I3V e Ao s
G5 paladl ol JUl ol 135
SRR BUSW IR RSN T TR SABRY
s A Sle 2B w8 s Sl &
ool G elall eoedly QW1 el
fmge b (1976 oo G 1972
JWl mbd\ 5,39 o %,“u\ Eod
55U Sledst B)le] oladl el
Lo o oL ¢S plads sl J
sbywl(,:j@\ﬂ\écjﬂ\dﬂp\
P S CIPR [ O WO (F 1 W
ol e Y el 1)
Ao ) haaz Ui &gS - (el
O il LY dlad) cols . J5Y
ey Sl § i il U 0%,
Nt Josdl oo JS 3 256 bz
QG &b s ¢ B A dladl @ &ldadl s
85353 L 5 padly o sY1 3l

49




earthquakes. The network's original
plan was to have a central station in
Baghdad and four

Mosul

secondary
stations in North,
Sulymaniyah in the North-East,
Rutb in the Midwest and Basra

South. The equipment was

provided  during the  direct
construction of the central station
(Baghdad seismic observatory),
which was completed in the spring
of 1979. The -construction and
operation of the rest of the stations
were completed successively by
the mid-1980s (with the exception
of the where

Basra station,

selection of the site and
specification of the devices faced
several

challenges). It was

proposed to use seismometer
initially designed to operate in the
boreholes (to reduce the noise for
the Basra University campus. Two

seismic monitoring networks are

now operating in Iraq:
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—Iraqi Seismic Network (ISN)

—Iraqi Seismic Observatory (ISO)

Iraqi Seismic Network (ISN)

The Iraqi seismic network began
operating in the spring of 1979,
completing the work of the
Baghdad Central Station, followed
by

construction and operation of the

the completion of the
rest of the stations in the mid-
1980s. The stations were equipped
with sophisticated seismological
systems that provide analog and
digital seismic records. Data are
transmitted directly from seismic
stations via satellite to the central
seismic

of the

computer in the

observatory department
General Authority for
meteorological and seismological
observatory. The seismic network
currently consists of six stations
throughout Iraq. This network was
International

registered at the
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Seismic Center (ISC).

A8) pmd) Agh 3150 ASuE)

Iraqi Seismic Network (ISN)

Iraqi Seismic Observatory (ISO)

The Iraqi seismic monitoring

network was established with
funding from the University of
Arkansas at Little Rock (UALR)
and the Lawrence Livermore
National Laboratories (LLNL). The
goal of this network is to study
earthquakes in Iraq, as well as

close the gap of seismic broadband
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stations near the Zagros belt, the
region's most seismic area. In 2014,
six large-scale seismic stations
were installed in Basra, Amarah,
Nasiriyah, Karbala, Suleimaniyah
and Dohuk. These stations were
installed and hosted by Basra
University. In the following years,
a number of other stations were
installed. The network is now
consisting of 10 permanent stations
and five temporary stations. This
the
Seismological of
University of Basrah (SLUB) with

the of

network is operated by

Laboratory
participation Iraqi
universities hosting the stations.
The Iraqi seismic observatory
network (ISO) is registered with
the International Federation of
Digital

(FDSN)

Seismograph  Networks

with  a code of
Mesopotamia (MP) and name of
the Seismic
(ISO).

available

Iraqi observatory

The network's data is

through  Incorporated

Research Institutions for
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Seismology (IRIS) data

management Center (IRISDMC).
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CIu faddl
Epicenter Location and Hypocenter Depth

Determining the location of an
earthquake is one of the most
important  tasks in  practical
seismology and most seismologists
have been involved in this task
from time to time. This chapter
aims to describe the most common
ways of locating an earthquake
far into

without too

going
mathematical details. The location
and time of the earthquake is
determined by the surface focus,

the depth of the epicenter. The

location of the surface focus
determines the width circle,
longitude and depth of the

earthquake by distance from the
Earth's surface. In chapter I, we
of the
The

reviewed the concepts

epicenter and hypocenter.
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surface distance from the epicenter
to the recording stations is called
the epicenteral distance, measured
by kilometer for near earthquakes
(A)

earthquakes (each degree equals to

and degree for distance
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111.11 km).
Single seismic station Jis) C; ol 5 b
method ;

AN 5l it a ple S
It is possible to locate the

earthquake using only one seismic
record from a three-component
seismic station. Since the P-waves
are  vertically and  radially
polarized, the vector of P-wave
amplitude can be used to calculate
the back azimuth to the epicenter.
The radial component of P will be
recorded on the 2 horizontal
seismometers north and south and
the ratio of the amplitudes AE/AN
on the horizontal components can
be used to calculate the back

azimuth of arrival of P-wave. The
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back azimuth is defined as the
direction from the seismic station
towards a seismic source, usually
measured in degrees clock-wise
from North. It is 180° off from the
azimuth. The first arrival times of
of the three

the p- wave

components are picked to calculate

the epicentral distance.
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Network location
[ S
E Epicenter using
single station
km 40 2IO
0.1 sec
Multiple Stations Location sadark! ol 42

Minimal number of stations needed

to locate the position of an
earthquake epicenter is three. To
locate an earthquake we need precise
readings of the times when P- and S-
waves arrive at a number of seismic
stations. Accurate absolute timing
(with a precision of 0.01 s) is
essential in seismology. Knowing the
difference in the arrival times of the
their

two waves, and knowing

velocity, we can calculate the

epicentral distance. The epicentral
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distance is calculated using distance -
travel time curves. After calculating
the epicentral distance of the
earthquake for at least three stations,
three circles are drawn in half
diameters equal to the epicentral
distance. The  three  circles
intersection point represents the
location of the earthquake epicenter.
These circles rarely intersect at one
point indicating errors in
observations and/or we have

erroneously assumed a surface focus
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Manual methods of locating the

surface seismic focus provide

insight into the location problem,

but in practice the computer is used
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to locate. There are many methods

that employ a computer to

determine the epicenter location,
including a Grid Search Method
methods.  Much

and Iterative

software 1is available today to
calculate the earthquake source

parameters, including the epicenter
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Determination

The hypocentral depth is the most
difficult parameter to determine,
particularly for regional events, due
to the fact that the travel-time
derivative with respect to depth
changes very slowly as function of
depth unless the station is very
close to the epicenter. In other

words, the depth can be moved up

and down without much change in

the travel time.

The most accurate method of

determining the focal depth of an
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earthquake is to read a depth phase
recorded on the seismogram. The
depth phase is the characteristic
phase pP- (a P wave reflected from
the surface of the Earth at a point
relatively near the hypocenter). At
distant seismograph stations, the pP
follows the P wave by a time
interval that changes slowly with
distance but rapidly with depth.
This time interval, pP-P (pP minus
P), is used to compute depth-of-
focus tables. Using the time
difference of pP-P as read from the
seismogram and the distance
between the epicenter and the
seismograph station, the depth of
the earthquake can be determined

from published travel-time curves

or depth tables.

Another seismic wave used to
determine focal depth is the sP
phase - an S wave reflected as a P
wave from the Earth's surface at a
point near the epicenter. This wave

is recorded after the pP by about
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one-half of the pP-P time interval.
The depth of an earthquake can be
determined from the sP phase in the
same manner as the pP phase by

using the appropriate travel-time

curves or depth tables for sP.

If the pP and sP waves can be
identified on the seismogram, an
focal can be

accurate depth

determined.

PP iy Tk ity SP A e e
S Al el 35 Sliowia plaseuly
Ldd ST 13 LSP S Gendl sl
cé\}!}!\ Joedl L} sP 5 pP o> 4

B35l Ges s S

Velocity
(unnls)

907 Bp filtered 0.5-3 HZ

0
1

Gasll lgbi

800, 250 -36 Depth phases 1600 IE;UU 1400

Juawaoe|dsiq

------- d\spla(ement ;
velocity seismogram |

65




66



2alyll Jaadl
Al yladall

Earthquake Magnitude

67



68



& A ol

JI 3 laal
Earthquake Magnitude

In addition to the site epicenter
location and the hypocenter depth,

the magnitude (size) of the

earthquake is another factor
describing the earthquake. When an
earthquake occurs, the first
question from the press is about its
magnitude and the second about the

location. The magnitude is the

released energy size at the
hypocenter (earthquake focus).
Seismic calculation is a

fundamental and necessary task for
any seismic network, both globally
and locally. The ground motion
amplitude is measured from the
seismogram (Figure). We also need
to know the epicentral distance (the
distance between the epicentre and
the recording station) to take into
the of

account phenomenon
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attenuation (decreasing seismic
wave amplitude with distance).
There are several different
magnitude scales, and depending
on the seismic network and
distance to the earthquake, one or
several scales can be used. Due to
local variability in attenuation and
localized amplification of the
seismic signal as well as in the
station's location with respect to the
source radiation pattern, significant
variations in measured amplitude

may occur, resulting in significant

variations in the calculation of
magnitude between station and
station.
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Magnitude Scales

The different magnitude scales are
commensurate with the epicentral
distance and magnitude. For global
earthquakes located at an epicentral

distance of more than 2,000

kilometers, magnitude scales were

determined internationally

by

agreed transactions, while

magnitude scale for local and

regional earthquakes would be

regionally  variable due to

variations 1in local attenuation

(decreasing of seismic wave

amplitude with distance) and

geometric spreading.

Local ML

(Richter Magnitude)

Magnitude

Charles Richter initially proposed

the concept of a logarithmic
earthquake magnitude scale in the
1930s as a means of estimating the
size of earthquakes that occurred in
southern California using relatively

high-frequency data from local
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seismic stations. This magnitude
scale was known as ML, where L
referred for local. This was the
initial value of the Richter
magnitude. Local magnitude ML is
used for events with magnitude less

than 6—7 and distances less than

1,500 km.

Coda (Duration) Magnitude
Mc (MD)

The coda magnitude, also known as
duration magnitude, is the simplest
magnitude to employ for local
earthquakes. The coda length (tcoqa)
is sometimes described as the
duration in seconds that the
earthquake recording took from the
P to the end of the signal, which is
a point at which the S-coda signal
could no longer be made out over
the background noise. Coda
magnitude Mc is used for events

with magnitude less than 5 and

distance less than 1,500 km.
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Body Wave Magnitude mb

The mb magnitude is one of the
most widely used magnitudes for
earthquakes recorded at teleseismic
distances. The mb magnitude is
maximum

calculated from the

amplitude in the P-wave train

recorded on a short period

seismograph. Body wave

magnitude mb is used for
teleseismic events of magnitudes

less than 7 and distances 2000—

11000 kms.

Broad Band BodyWave

Magnitude mB

The body wave magnitude mB is
the original body wave magnitude
proposed by Gutenberg (forties and
fifties of the last century) and mb
can be considered a derivative of
mB. mB is generally a better
magnitude to use than mb since it
saturate until above

does not
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magnitude 8 and is instrument
independent. mB is used for the

earthquakes of epicentral distance

ranges from 2000 to 11000 kms.

Surface Wave Magnitude
Ms

The first surface-wave magnitude
scale was developed by Gutenberg
based on mostly teleseismic
recordings of surface waves with
oceanic travel path at distances >
2000 km. The surface wave
magnitude scale of earthquakes
with an epicentral distance of

2,000-17,000 km and a hypocentral

depth of less than 60 km is used.

Broad Band Surface Wave

Magnitude MS

This measure is based on

measuring the ratio between the
maximum  amplitude to the
maximum period of the surface
wave recorded in a broadband

vertical channel. This scale is used
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for shallow earthquakes with a
hypocentral depth of less than 60

km and the epicentral distance of

200 to 17,000 km.

Moment Magnitude MW

The moment magnitude (Mw) is
the preferred scale of the magnitude
of the earthquake that takes into
account the hardness of the rock,
the average slip at the rupture
plane, the area of the rupture plan
as well as the maximum motion
the

(amplitude) recorded by

seismometer. The moment
magnitude (Mw) can be determined

for earthquakes of any size using P

or S-waves.
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Earthquake Intensity

Earthquake intensity is defined as
the effects of shaking caused by the
earthquake on humans, animals,
objects and the surrounding
environment. Data on these effects
are collected through field trips to
areas affected by the earthquake
and/or by questionnaires sent to the
those

inhabitants of areas

containing a set of questions
relating to the description the
earthquake and its effects (Figure).
The earthquake causes much
different shaking intensity in the
epicentre area where it occurs. So
the magnitude of the earthquake
will vary depending on the distance
from the epicentre where the lower
the intensity of the earthquake as
we move away from the epicentre.

Sometimes the earthquake intensity
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1s described as its maximum value.
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Earthquake Intensity Scale

Many earthquake intensity scales
were introduced depending on the
description of the effects of the
earthquake in an area. The effects
of vibration caused by the
earthquake are divided into several
degrees depending on the severity
of the effect from the lowest to the

maximum effect and the Roman
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figure is used for this purpose,
given to the lowest 1 and maximum
The Mercalli

xii effect. scale

consists of 12 degrees (Table.(
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upper floors; precisely suspended objects may
swing
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Felt noticeably indoors, but not always
recognized as earthquake; standing autos
rock slightly, vibration like passing truck
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Felt indoors by many, outdoors by few , at
night some may awaken; dishes, windows,
doors disturbed; autos rock noticeably
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Felt by most people; some breakage of dishes
, windows, and plaster; disturbance of tall
objects
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Felt by all, many frightened and run
outdoors; falling plaster and chimneys,
damage small
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construction; noticed by drivers of autos
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Buildings shifted off foundations, cracked,
thrown out of plumb; ground cracked;
underground pipes broken
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Most masonry and frame structures
destroyed; ground cracked, rails bent,
landslides
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Few structures remain standing; bridges
destroyed, fissures in ground, pipes broken,
landslides, rails bent
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Damage total, waves seen on ground surface,
lines of sight and level distorted, objects
thrown up in air
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different intensity. This is an indirect
measure of the magnitude or energy
released by the earthquake.
Isoseismal intensity maps are
currently used to assess the severity
of earthquakes that occurred before
instrumental records were available,
and to compare these historical and
recent seismic events. The figure

shows isoseismal intensity map of

an earthquake.
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What is the Difference

between Earthquake

Magnitude and Intensity?

From a scientific standpoint, the
magnitude scale is based on seismic
records while the intensity scale is
based on observable data which can
be subjective. Thus, the magnitude
scale is considered scientifically
more objective and therefore more
accurate. There 1is an empirical

relationship between earthquake

magnitude and earthquake intensity.
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Earthquakes Occurrence

On the tongues of specialists, non-
specialists and the general public,
the question is: How does the
earthquake happen? This question
was answered after the San
Francisco earthquake in USA in
1906. After the devastating 1906
California

San Francisco,

earthquake, a fault trace was
discovered that could be followed
along the ground in a more or less
straight line for 270 miles. It was
found that the earth on one side of
the fault had slipped compared to
the earth on the other side of the
fault by up to 7 m. Up until this
earthquake; it had generally been
assumed that the forces leading to
the occurrence of earthquakes must

be close to the locations of the
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earthquakes themselves.

s I3V 5

Elastic Rebound Theory

Harry Fielding Reid, after studying
of 1906
the

the fault trace the

earthquake, postulated that
forces causing earthquakes were
not close to the earthquake source
but very distant. Reid's idea was
that these distant forces cause a
gradual buildup of stress in the
earth over tens or hundreds or
thousands of years, slowly
distorting the earth underneath our
feet. Eventually, a pre-existing
weakness zones in the earth (fault
or fault zone) cannot resist the
strain and fails

any longer

catastrophically. ~ This  gradual
accumulation and release of stress
and strain 1s now referred to as the
"elastic  rebound theory" of
earthquakes. Most earthquakes are
the result of the sudden elastic
stored

rebound of previously

energy. The figure shows the elastic
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rebound theory.
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Geographical Distribution of Earthquakes

Earthquakes occur anywhere on
Earth at any time and at depths
from the Earth's surface to about
800 km. The historical and recent
earthquakes record shows that
earthquakes occur in the same
general patterns year after year.
About 95% of the energy emitted
by earthquakes originates in a few
relatively narrow areas, while the
remaining 5% is distributed in areas
Seismic

of

far from these areas.

epicenter distribution maps
earthquakes that occurred and occur

showed that they were concentrated

in three large belts (Figure.(

o2 e 0 6 G Y wad
e oy iE Oleel ey 35 6l s
ol el 105 800 i f o)
IV O cwdls 25U i
s Ay o Lalal BN s 3 i
ISV e dtncdl Bl 0 795 Ul g
G B2l GBUL e LS sue G Lis
OF S Gble 3 6555 4l 75 (o
D3 s s o ebl L GhU el
Ay e Al i

S Rl B 35S 5 el oY

95




- Australia (" A

%
. \ I.
i -:f:)\;prSe

\"‘-Faull

-

7~

e

U

Apaltall Lz ¥ i 30 Al

Global Earthquakes Belts

does \; Wt

- ‘ ,’ P
ATIICE‘.- ’?‘.T‘\ «| \
Ll

—CIYI G (sl 00D peslbl Ll Ui 1adll £ N1 A1 de

(BN 0500 Lol oy LS 3Uas s a1 0,01 LY (4

Circum-Pacific Belt

This belt represents the largest
seismic belt in the world where the
greatest seismic energy is released
on this belt, with about 81% of the
planet's largest earthquakes
occurring. This belt is called a ring
of fire. This belt includes
seismically active areas such as
Japan, the Philippines and Chile.
Areas of the United States that are

part of the Pacific Belt are adjacent
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to California's San Andreas Fault
and along Alaska's western coastal
the Aleutian

of

areas, including

Islands.  Number violent
earthquakes occurred in this belt,
e.g., the 1960 Chile earthquake
(M9.5) 1964 Alaska

earthquake (M9.2). The majority of

and the

earthquakes occurring in this belt

possess depths greater than 70km.

Alpine-Himalayan belt
This belt extends from Java to
Sumatra across the Himalayas and
the Mediterranean to the Atlantic
Ocean.  This  belt includes
seismically active areas in Turkey,
Iran, Afghanistan and Pakistan, and
Iraq, Syria, Jordan and Lebanon are
affected by this belt. Most tremors
in this range have shallow focal
depths (less than 70km). This belt
accounts for about 17 per cent of
the world's largest earthquakes,

including some of the most

destructive, such as the in Pakistan
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2005 (M7.6), which claimed more
than 80,000 lives and Indonesia's
earthquake 2004 (M9.1), which
caused a tsunami that killed more
than 230,000 people, and finally
earthquakes in southern Turkey
(M7.8 and M7.5) on 6 February

2023, which killed more than

50,000 people.

Mid — Ocean Ridge Belt

This belt extends for thousands of
kilometers through the world’s
oceans. This zone coincides with
the oceanic ridge system, which is
an area of frequent but low-
intensity seismic activity. Most of
the mid-Atlantic mountain range is
underwater and far from human
activities, but Iceland, which lies
directly above the mid-Atlantic
Ocean, has experienced at least as
large earthquakes as M6.9. The
belt have

earthquakes in this

shallow focal depths (less than

70km).
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Earthquakes Classification

In the majority of disciplines,
classification of the objects or
characteristics is crucial. Finding
subclasses about which
generalizations may be made with
some assurance is a part of
scientific study. Seismologists who
several will

study earthquakes

frequently gain a  thorough
understanding of some of the
earthquake features. According to
their

intended use, earthquake

classifications were developed.

Earthquakes Classifications
Earthquakes Classification Based
on Magnitude

* Great Earthquakes (M > 8)

» Large Earthquakes (5 <M <7)

* Moderate Earthquakes (5 <M <
7)

* Small Earthquakes (3 <M <5)
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* Microearthquakes (1 <M < 3)
» Ultra-Microearthquakes (M < 1)

Earthquakes Classification
Based on Epicentral
Distance (A°)

Earthquakes are classified on the
basis of the distance between the
earthquake's epicenter and the
recording station (A°) - one degree

= 111.11km - to the following

classes:

 Local Earthquakes (A < 10°)
 Regional Earthquakes (10° <A <
20°)

« Distant Earthquakes ( >20°)

Earthquakes Classification

Based on Focal Depth

Earthquakes are classified by depth

of focus into the following

categories:

* Shallow Earthquakes (0 — 70)km
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* Intermediate Earthquakes (70 -
300) km
» Deep Earthquakes (> 300) km

Classification of
Earthquakes Based on
Cause

Earthquakes are classified on the

basis of their cause of occurrence to

the following classes:

* Tectonic Earthquakes

They are the earthquakes that occur
as a result of tectonic plates
slipping over each other. Tectonic
earthquakes  are  the  most
widespread, and their magnitudes
can be small or large. The majority
of the massive planet destruction is
attributed to this sort of earthquake.
The

tectonic  earthquakes

and if

are

always severe, their

magnitudes are high, they can

destroy an entire city in seconds.

* Volcanic Earthquakes
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They are the earthquakes that occur

before, during and after the
volcanic eruption. When compared
to tectonic earthquakes, volcanic
earthquakes are less frequent. There
of  volcanic

are two

types

earthquakes: volcanic - tectonic
earthquakes that happen after a
volcano erupts, and earthquakes
that happen while a volcano is

erupting as a consequence of

magma movement.

* Explosion Earthquakes

They are the earthquakes resulting
from nuclear explosions, which are
man-made and represent the most
significant impact of modern
nuclear warfare. During the 1930s,
nuclear tests conducted by the
United States destroyed many small

towns and villages because of this

dangerous act.

* Collapse Earthquakes

The amount of this type of tremor
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is generally smaller and commonly
occurs near underground mines.
Sometimes referred to as mine
bursts. This type of earthquakes
leads to the collapse of the mine
roof, resulting n further
earthquakes. Collapse earthquakes

are widespread in small towns with

underground mines.

* Induced (Manmade)

Earthquakes
They are earthquakes that partially

or wholly caused by human

activities. The most common

human activities caused by induced

earthquakes include: underground

mining, water reservoir
impoundment, oil and  gas
production, exploitation of
geothermal energy, wastewater

disposal, and storage of natural gas.
it must be noted that the distinction
between natural and induced
earthquakes is a difficult task and it

has not yet been agreed on clear
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rules and generally accepted
scientific methods.
Classification of
Earthquakes Based on
Faulting Style

Earthquakes are classified on the
basis of the faulting style from

which the earthquake occurs to the

following categories:

* Normal Faulting Earthquake

(Graviquake(

The earthquakes occur along the

normal fault.

* Reverse Faulting Earthquakes

The earthquakes occur along the

reverse fault.

 Strike —
Earthquakes

Slip Faulting

The earthquakes occur along the

strike - slip fault.
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Finally, Japanese seismologist
Shimazaki classified earthquakes
interplate

the

into two categories:

earthquakes that occur at
boundaries of the tectonic plates
and intraplate earthquakes that
happen far from the boundaries of

the plates in the interior of plate or

continent.
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Global Seismic Hazard and Risk

Global Seismic Hazard

The seismic hazard describes the
level of vibration expected on the
Earth's surface due to potential
earthquakes in the future. Earth
vibration is the most earthquake-
related effect; however, it may also
lead to secondary phenomena such
as tsunami, landslides or rock falls.
The location and frequency of
earthquakes cannot be accurately
predicted; however, with the help
of a thorough evaluation of
earthquake risk, we gained a better
understanding of how often and
how badly the Earth will vibrate in
the future in a given location. It
the foundation for

also lays

designing mitigation = measures

efficiently to make societies more
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resilient to future earthquakes.

Seismic Hazard Assessment

Earthquake hazard assessment is
based on knowledge of past
earthquakes, geology and tectonics
and takes into account various
factors that may affect vibration
strength at any given site. Figure
below illustrates the global seismic
hazard map by indicating the
Earth's maximum acceleration of
Earth

earthquake movement

(PGA), as part of the ground
acceleration g) with a probability of
10%

(equivalent to 475 years, period of

exceeding in 50 years

re-occurrence) on the rock
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The global seismic hazard map

1

ST O M1 IS5 ) ey 5 gl

112




shows that the highest hazard is
consistent with the Pacific Belt
(west coast of Latin America,
Japan, Philippines, New Zealand,
some Pacific islands). The highest
hazard also appears compatible
with the alpine-Himalayan range
(Italy, Greece, Serbia, Turkey, Iran,
Pakistan, Afghanistan, India and
Indonesia). The seismic hazard
decreases as we move away from
seismic belts and plate boundaries
towards their interiors. The global
seismic hazard map generally
shows Arab countries' exposure to a
seismic hazard ranging from small

to medium hazard except for the

Dead Sea Fault Zone showing a

higher seismic hazard.

Global Seismic Risk
Seismic risks are defined as the

potential impact on the built

environment and people's well-

being due to future earthquakes.
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Although any regions of the world
be
the

are known to prone to

earthquakes, location,
frequency and impact of future
earthquakes cannot be accurately
predicted. = However, effective
mitigation measures derived from
earthquake risk assessments
provide a means of proactively
reducing their effects and thus
reducing economic and human

losses. In order to identify

earthquake risks, information is
needed on the density of buildings
and persons (exposure), the
fragility of the built environment,
assessments  of

and  robust

earthquake hazards, including the

impact of local soil conditions.

Seismic Risk Assessment

Four factors should be combined to
assess the risk of earthquakes.
Assessing seismic risk requires a

comprehensive understanding of
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seismic hazard. Assessment of

seismic risk 1s based on knowledge
of previous earthquakes, geology

and tectonics, and takes into

account various factors that may
affect vibration strength in any
such as

particular  locations,

information on local soil

Combined with the
of

conditions.

value and  susceptibility

buildings  ("exposure"),  these
factors enable us to assess the
seismic risk to any particular
location in the world. Figure ()
shows the global seismic risk map
in terms of annual loss rate (in
dollars). The brown color reflects
the high annual loss rate and the
yellow color of the medium and
blue loss rate over the low loss rate.
The Pacific and Alpine-Himalayan

ranges from low to high annual loss

rates.
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Global Seismic Risk Map

Seismic Hazard of Iraq

Figure () illustrates Iraq's seismic
hazard map in terms of peak
ground acceleration (PGA, as part
of the ground acceleration g) for a
probability of exceeding 2% in 50
years (equivalent to 2,475 vyears,
period of re-occurrence). The figure
shows that the higher seismic
hazards are located in the cities of
Sulaymaniyah and Erbil. In
addition, urban centers near the

Badra-Amara fault may be exposed

to a high seismic risk.
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Earthquakes Prediction

Earthquake prediction is defined as
the exact determination of the
predicted earthquake's location,
time and magnitude. The definition
that

shows accurate prediction

requires answering three questions:

* Where does the -earthquake
occur?
* When does the -earthquake
occur?

* How much is the earthquake
magnitude?

Fortunately for man, earthquakes
do not spread everywhere in our
planet, but are concentrated in
locations called seismic belts, the
Pacific Ocean belt (ring of fire), the
Alpine-Himalayan belt and the
Mid-ocean ridges belt. This means
first

that we can answer the
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question about where earthquakes

occur, but at what location in the

zone is unpredictable.

The most important question that is
difficult to answer is the exact
determination of the earthquake's

time. Human beings have not yet

been able to answer this question.

Answering the question of how
much magnitude is expected to
occur is possible if seismologists
have a precise record (catalogue) of
earthquakes occurring in the study
area covering a period of time of
several

hundred years, using

statistical  analysis, specifically

probability theory. Seismologists
know that the return period of an

earthquake decreases with

decreasing of the earthquake

magnitude. The recurrence of an
earthquake by M 5 takes less time
than an earthquake by M6, which
the number of

means that

earthquakes 1s inversely
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commensurate with the earthquake

magnitude.

It is clear from the foregoing that

we far from know  when

earthquakes occurred, which is
most important in the subject of
prediction. This has not prevented
many countries from starting, after
a number of seismic disasters, with
of scientific

the establishment

organizations and  institutions

concerned with earthquake

prediction. Countries such as
China, Japan, Russia and America
are leading in this area. China
considered the topic of seismic
activity surveillance and earthquake
prediction a national popular task.
China  established a  central
administration, for earthquakes, and
then many departments and stations
in the provinces and cities of China
suffering from earthquakes. These
institutions' tasks are to record and
chemical,

analyze all physical,

geological and geophysical
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phenomena, and to observe the

abnormal behavior of animals.

Earthquake Precursory

Earthquake Precursory are the
signals that precede the earthquake.
These signals represent a change in
certain properties and physical,
chemical, geological, hydrological
and geophysical phenomena as well
as abnormal behavior of certain
animals. There are many seismic
that

precursory precedes

earthquakes that we will briefly

review.

The Observation and monitoring
indicated that the main shock was
by shocks called

foreshocks. Increasing the numbers

preceded

and magnitude of foreshock may
herald a major shock. Scientists
recorded a change in the speed of

longitudinal seismic waves

(p-
waves) preceding the earthquake.
Other precursory are changes in the

Earth's magnetic, attractive, electric
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and electromagnetic field prior to

the earthquake.

A number of seismologists have
found that sound waves that arise
prior to an earthquake can forecast
an earthquake. In order to capture
these sounds, the sounds capture
device is buried inside the ground
with specific depth, and may be
placed in a well filled with water.
Another precursory is the change in
the elevation and inclination of the
Earth's surface preceding the
earthquake. This is recorded by
certain high-sensitivity measuring
devices. This method is frequently
used in Japan, and lasers are now

used to measure the height and

inclination of the Earth's surface.

Scientists In some seismic areas

recorded a change in the

concentration of radon  gas
preceding the earthquake, so the
change in the concentration of

radon gas counted one of the
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seismic precursory. Changes in the
physical and chemical properties of
surface and groundwater are a
forecaster of a near earthquake. For
example, changes in the level of
groundwater and in the temperature
of groundwater were recorded prior
to a particular earthquake. Changes

in oil and gas wells were also

observed.

Here, it must be noted that any
physical, geological or chemical
phenomenon is a seismic warning

only if it is subject to change prior

to the earthquake.

Can animals predict

earthquakes?

Since the long time ago, people
know that animals possess special
sensory means that feel earthquakes
occurring very shortly before they
occur. Seismologists in seismic
countries are therefore interested in
behavior

monitoring  animals'

O G Y elde e S
S5 Sl gl b a5 31 e 21551
Sl G 0 gkl G0 Joul
J sk ls 5N OT Gy all e .l 5
oo g Lhdlly Ol s A
e I pds Jd kY
A Uksl ol dl ssTy okl
S o bl 3 e I
oo WL el Ol
oda O 2l iy LASLE s e
S - I L BTV VRCIE P
g s Ll JI35H 6 85 s
By Jaiid el Ll Lo S5

PR R P PR PO 9
o3k g 3 e DV elde
ol lelels olal Lan (J3Y3
2 d5 8 el 55 e Jls
owall @ I ae ) St s

126




within homes, in barns or in zoos.
Cows, horses, monkeys, dogs and
cats are known to suffer from
disturbance a few hours before the
earthquake. The most disturbed
animals live in the Earth's subsoil,
such as snakes, mice and others, as
they escape their burrows in fear.
These  animals' behavior is
explained by the emergence of
electromagnetic waves prior to the
earthquake, which are received by
animals, their

these affecting

nervous system and acting very

strongly.

Successful Prediction Case

The experiences and experts gained
by seismologists have made it
possible to predict a number of
earthquakes, some of which have
succeeded and are mostly failed.
The best example of a successful
prediction of an earthquake was at
1973.

the end of Information

transmitted by the population and

G Opazy O LWs olesla
b s ] s S ol
ULV PREPPE | PP SN
ENIPEPE PP PEICWPIE PRV

G bl b g olisls gl e
0535k 8 4t

ol G desly SLids b
.L?pzﬂ\wbud\

1 1974 ol lls 25 108
Wy WY gy deed M bUL
S 55T 2o dage Uks bl sda cle
oo GBI Y1 G oLl e
e LY (1974 ol bla el
o 2SN s QI do N ased
i el 1, 5 caaad ] Lo N1 ool A
L ik Bl Lol ik Gl
b ool e gl Caza (3L
o baS olael gl Ly bl
bl dl oau¥l bl e ol
AT I G s o Il slarll 35,1
Ul dalall G pldl sl

127




geophysicists has been gathered at
one of China's seismic observation
centers, all of which indicate the
natural

existence of unusual

phenomena:

1. Change in the underground water
level in the wells
2. Elevation and decrease in the

beach line on the Liaodon

peninsula.

3. Apparent oscillations appear in

the Earth's magnetic field.

Thus, in early 1974, earthquake
candidate areas were identified,
including important cities such as
Ainqui, Haijin and Liaoyan. On 1
1974,

and 2 February seismic

observers observed many light

earthquakes and determined them
to be foreshocks of the most

destructive ~ earthquakes  near

occurrence. In the middle of the

fourth day of February, large

Ut ol bl (ebile DL
Bl oo Ll Cdaly
ST G 525 85mmall b5 lgned
Oyl ada il slge Lass deslas
Ay Ay dmas Slele iy o
Geludl B .G i Jpgaell ! L
el o505 Flas 36 2330015 dnlld)
oylie o Ty JI5H s 0lS
S ST Y pany (7.3 155
oy s sl e 7901, s
ledly  ysedly  ssaldl
o2 de a5 b el B oL
Jedl w85 Ny ol

AL OIS DS o (VY

ool

ol e g Y
Gl & pedl Al &l A
PN PRWATIE W TN ERWAT
IFA 553 0 e 1 o e
el o il 88 flt 53l

L;J>-T ool sl uL..oT i)

128




numbers of snakes were observed
rushing from the ground to cold
snow-covered fields. As a result,
public readiness was declared in the
ordered to

area, people were

evacuate  their  homes  and
household animals were released,
cars were removed from their
gathering sites, and disabled and
sick people were placed in resilient
and protected spaces equipped for
such conditions. It's been a few
hard and heavy hours, when the
unknown people wait with fear. At
7: 36 p.m., the region was shaken
strongly with an earthquake of M7
3, demolishing any of the places

most affected by 90% houses, and

damaging dams, bridges and
canals. Deaths were relatively
limited, not exceeding a few

hundred, and if the earthquake had

not been predicted, thousands

would have been killed, due to high

population density.
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Unsuccessful Prediction

Cases

The previous case is the only
successful case of seismologists in
China and the world in identifying
the approximate date of the
earthquake and avoiding significant
losses. Besides this successful case,
the failures have hit other case in
China and other countries. For

example, Chinese seismologists
failed to predict the July 26
earthquake in 1976, which was 7
and caused significant destruction
and death of large numbers of
people. In the former Soviet Union,
scientists predicted an earthquake
in the Farghana Valley, but not
there, but 400 km away. The same
happened in Yemen, when some
specialists

predicted a strong

earthquake  after  the 1982
earthquake of Dhamar, prompting
people to move out of their homes
in the capital, Sana 'a. But there

was no meaningful earthquake, but
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only a series of weak tremors.
There are other cases in Japan and

in America where scientists have

failed to predict an earthquake.

The foregoing shows us that the
earthquake prediction is not so
easy. Being genuine once, it will be
difficult to be honest many times,
because the earthquake's conditions
are so complex, many of them
taking place deep inside the deep
Earth and difficult to monitor and
track, they are difficult to analyze

and give a clear picture of them for

timely issuance of the forecasting.
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Preparedness and Mitigation of Earthquakes

Since we cannot  prevent
earthquakes and cannot predict the
time, location and magnitude of an
earthquake, we must prepare for
them and develop an earthquake
safety plan to mitigate their effects.
Earthquake safety involves
preparing and knowing what to do.
Practicing  earthquake safety at
home and creating a disaster safety
kit before the next earthquake is
crucial for your family's safety. The
earthquake safety plan is in three
stages. Each stage involves a
number of steps, and the success of

both stages 2 and 3 depends on

stage 1.
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Earthquake Safety Stages

First: preparedness

The next earthquake preparedness
steps take a few hours to plan and
organize supplies that will keep you

safer. Below are the steps at this

stage:
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Secure your space by

identifying hazards

securing moveable items.

Slimlus ol o
and i
Ldd D e

vl A

Al olall

o= o 8 2.Plan to be Safe (AR RAPANEY)

(qu u ii E? Plan to be safe by creating » G 5,5 Labas
a disaster plan and

deciding how you will L=

communicate  in  an | &£y &Ll

emergency. d Jell das

136




3. Organize Disaster

Supplies

= oyl S
Organize disaster supplies i
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Secondly: Survival

Survive when the earth shakes by
practicing and performing Drop, Cover,
and Hold On. Protect your head and
neck by sheltering under heavy desks or
tables. Stay away from windows and
bookshelves. Do not move until all the

shaking has ended, or an all-clear signal

is given.

This stage includes two steps:
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damage.

preventing further c,‘f\!\ ’ RIS

c'vej cuyL-AL\ SJ.S'LMJ

PN RN

Thirdly: Recovery

Once the earthquake is over
and it 1s safe to move around,
check to be sure everyone is
safe and not injured. Start
first aid for any injuries
and/or get immediate medical
attention. Be ready for
aftershocks, which are
normal following an
earthquake. Then be prepared
to protect your property by
examining electrical wires,
appliances chimneys, and
utilities for damage. Check to

see that sewage lines are

intact and working.
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Earthquake Safety Tips

There are many tips recommended
during and after an earthquake that
must be followed to mitigate the
effects of the earthquake on
people's lives. The tips are two
types: the tips when the earthquake
begins and the tips when the

shaking stops. Below are the two
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types of tips: bl i e
When  the  Earthquake JIds ¢ ke Lol
begins

Drop, Cover and Hold On! Drop to

the floor; take cover under a sturdy
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desk, table or other furniture, and
hold on to it. Be prepared to move
with it. Hold the position until the
ground shaking stops and it is safe
to move. If that is not possible, seek

cover against an interior wall and

Os . gﬂ.wf‘g c_/.>-T QUT jT ZJJUQ
LT 2 ol 05805 Lo, 3 el b g
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J=1s Hlae s
protect your head and neck with i )
el pdy b5 Sl o1
your arms. -
Avoid  exterior  walls, glass P RN W F R PR U A R
windows, heavy furniture, and

overhead equipment or machinery.
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When in a multi-story building,
move against an interior wall if you

are not near a desk or table. Do not

use the elevators.
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Remain alert for structural and
nonstructural hazards

(nonstructural  hazards  include

furniture, ceiling systems, HVAC

systems, chimneys, parapets, etc.(.
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When in a crowded store or other

public place, move away from
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display shelves containing objects

that could fall. Do not rush for the

exit.

Y ohiw O oSKey bl e g2

When in a stadium or theater, get
below the level of the back of a seat

and cover your head and neck with

your arms.
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When outdoors, move to a clear

area away from trees, signs,

buildings, or overhead wires.
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When driving, pull over to the side

of the road and stop. Avoid
overpasses and power lines. Stay

inside the vehicle until the shaking

stops.
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When The Earthquake Stops
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Account for all personnel and

check for life-threatening injuries.

Treat life-threatening injuries.
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Remain alert for secondary hazards

(these include: hazardous materials
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spills, fires, dam failures, rock falls,

landslides, liquefaction, tsunami,

ete.(.
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Move response apparatus a safe

distance away from buildings and

overhead wires.
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A safe distance is beyond the
potential collapse zone of a given
building (approximately 1.5 times
the height of the building). Be
aware that should a building
collapse, there is the possibility of
building elements — such as bricks,
concrete masonry units (CMUSs),
etc. — being thrown further
distances and with great force when

the sides of the structure hit the

ground when falling forward.
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Inspect for and control for any

hazards created by damaged

utilities such as natural gas,

propane, electricity or water.
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Be prepared for aftershocks that o o Lol Yl o5l G oS

may be as strong, or stronger, than

the initial shock.

ENEREP RIS FERPERERYES

Conduct a windshield survey to

assess potentially damaged areas.
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Post-earthquake safety

considerations

I3 85 dm LBl ol e

Save Lives — The preservation of life
is the top objective of emergency
managers and first responder sand

takes precedence over all other

considerations.
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Protect Health and Safety -
Measures should be taken to mitigate

the incident’s impact on public health

and safety and emergency responders.
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Protect Property — All feasible

efforts must be made to protect public
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and private property and resources,
including critical infrastructure from
and after the

damage during

earthquake.

Fire- Earthquakes can rupture natural
gas lines, fuel lines, propane tanks,
and hazardous material containers
which can ignite and cause fires. In
many cases underground water lines
which supply hydrants may also be
damaged. This may significantly limit
the ability to extinguish fires. Tens to

hundreds of fires can start and result

in conflagrations.

Buildings: Before entering damaged
buildings, perform a safety evaluation
on the building. Buildings can be
especially  hazardous given the
potential for aftershocks to occur
causing further damage or collapse of
the building, falling hazards, and
hazards.

be

other unforeseen

Considerable judgment must

applied when considering entry into
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damaged buildings.

Safety Zones around Buildings:
Barricades should be set up around
damaged buildings. A safe distance is
at least 1.5 times the height of the
building. Barricades will also be

needed to block off streets and other

unsafe areas.

Building Entry Considerations:

Entry into an apparently stable
building should not be made until the
exterior of the building has been
inspected. It is strongly recommended
that persons do not enter severely
damaged buildings. Entry should only
be made for qualified personnel.
People entering damaged buildings

are at risk because of possible

aftershocks.

Search and Rescue Considerations:

Search for the injured and rescue of

those trapped are among the most
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important and urgent post-earthquake
activities. Those conducting these

activities can themselves become
victims. Search and rescue personnel,
by nature, take higher risks. Those
risks can be lessened if time spent in
dangerous situations is kept to a
minimum and if those involved take
precautions. Always walk around the
building as part of your assessment.
Be aware of falling hazards, such as
chimneys, parapets, building
appendages, signage, or other building
ornamentation. Unless you are on an
entry rescue team, medical personnel

and their apparatus should remain

outside the collapse zone.
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Health and Safety: All personnel
should take safety precautions which
include wearingpersonal protective
equipment (PPE) andrespirators to
protect against airborne dust and
asbestos. Earthquakes can raise large
amounts of dust. Respirators or dust
masks may be recommended to

protect first responders, personnel
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working in the damaged areas, and the

public, depending on the local
hazards. Paper dust masks and
household  materials  such  as
washcloths, bandannas, and

handkerchiefs do not protect people
from breathing in asbestos dust or
Valley Fever spores. Be sure to have

the correct equipment required to

protect against the hazards present.
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Environment: Potable water supplies
may be disrupted by the earthquake.
Until the water supply is confirmed to

be safe, advise the public to use

bottled water or boil their water.
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Earthquake Resistant Building

Seismologists believe that human
beings cannot prevent earthquakes
or predict their location, time and
magnitude. Seismologists agree that
the earthquake is not the killer of
humans, but the buildings inhabited
by people are the killer. Hence the
idea of designing buildings that
resist the earthquake and remain
resilient those are not completely
destroyed but may be partially
destroyed. The importance of
designing earthquake-resistant
buildings was first appreciated
worldwide after the widespread
collapse of buildings, damage and

loss of life associated with the 1906

San Francisco earthquake.

Earthquake resistant design consists
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of an evaluation of the earthquake
excitation and the structure response
to this excitation at a particular site
in order to provide a structural
system that will not collapse, that
may prevent loss of life and will
limit economic loss during an
earthquake. Earthquake
Engineering, the study of earthquake
resistant design, is a relatively new
discipline. As mentioned earlier, the
idea of attention to earthquake-proof
design has arisen and emerges after
every seismic disaster that 1is

devastating to man and  his

environment.

It can be observed that the trigger to
developing and updating seismic
codes for regulating and guiding
earthquake resistant design has often
been damaging earthquake events.
For example, the first seismic code
in Italy was developed in 1909
following the 1908 Messina
Earthquake. This code contained

guidance on siting of buildings,
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good construction practice, and
limited the heights of buildings.
Observation of damage to structures
and  infrastructure  from  past
earthquakes has been paramount to
our understanding of the seismic
performance of different
construction types, their problems
and how to introduce measures to

improve their resistance in future

events.

In the early twentieth century,
seismic design provisions worldwide
consisted in ensuring structures
could resist small lateral loads of the
order of 10% of their weight applied
horizontally. Knowledge on the
response of buildings to earthquake
loads developed substantially since
then, as earthquake ground motion
recordings became available and the
nature of ground motion was better
understood, as experiments were
carried out and more sophisticated
for structures

analysis methods

developed that allowed further
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understanding of the dynamic

response  of  structures under

earthquake excitation.

Effects of earthquake on buildings

Many earthquake parameters or
measures are used to calculate the
forces that the earthquake sheds on

buildings. These parameters or

measures include the following:

» Acceleration (acceleration) of
ground motion

Acceleration is the rate of velocity
change, measured by (g) at 980
cm/s or 1.00g. For example, 0.001g
can be felt by people and 0.02g
causes their balance loss and 0.5g is
very high but buildings can stay
standing if the vibration duration is

short and if the buildings possess

enough damping.

» Velocity of ground motion
Velocity is the positioning rate

(place), measured in centimeters per
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second.

+ Displacement of ground motion
Displacement is the distance from

the point of stability (rest), measured

1n centimeters.

* Duration of ground motion

The duration is the length of the

continuous vibration time.

* Magnitude
It is a measure of the size of energy
liberated by the earthquake. Multiple

earthquake magnitude scales are

available.

* Intensity

Intensity is the amount of
destruction caused by the earthquake
locally, and depends on the distance

from the epicenter, local soil

conditions and construction type.

The above seismic parameters or
measures are used to calculate the

forces that earthquakes pose to

I 2 B ok e
I Iaal ssdaze uulie b4

A lsasd e

do Ll e a3l
oo BLLL e deznys Lle JUN
LA Gy b U asdaldl 6,5l
sl g5 s Aol

I il ST Malall pasens
Sl old el 5 sl
SVl a s U e I3V el
Gl (LLls Ulas ) o5,V
GLL Jo1s s (658 (B pon 5 15y
bosds Al g el 38 oo
gl 35 ALl (dane s
G Rppae eedl dS a0 gl
(ol 05 9) AsTI sl IS . Lol
Al Gl g8 @l
05 )l gt L1 055 Le e 5 2l
WP el 3 a5 1A
orona) Ll 5o g 85 OF (5 218 5Lmy

WS W5l 035 35 s Y1550

155




buildings. Ground vibration (back
and forth, sideways, up and down)
generates internal forces within
buildings called inertial force which
in turn cause most seismic
destruction. The strength of inertia is
the body mass multiplied by
acceleration. The higher the mass
(building weight), the greater the
internal inertial forces generated.
Lightweight construction with a less
mass is considered in the seismic
design, in other words that one of
the considerations of seismic design
is the weightlessness of the building.
Larger mass generates larger side
forces, increasing the likelihood of
shafts being displaced, separated
from the plumb, and/or bending

under vertical load.

Earthquakes generate waves that
may be slow and long, or short and
sudden. The length of the full cycle
in the seconds is known as the wave
period and is reversed frequency. All

objects, including buildings, have a
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natural or fundamental vibration
period in which they vibrate if they
are shocked. A natural vibration
period is a key consideration for
seismic design, although other
aspects of the building design may
also contribute less to measures to
mitigate the impact of the shock. If
the  earthquake wave  period
coincides with the natural period of
vibration of the building, the
resonance phenomenon will get and
the building will become shaken or
"enlarged" several times. The natural
vibration period is commensurate
with the height of the buildings, as it
increases with the height of the

building, Figure below.
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Natural vibration periods (red font) for buildings at different heights.

The soil natural period is 0.4 to 1.5
seconds, and the soil is very soft is
2.0 seconds. Soft soil generally
tends to increase vibration by up to 2
to 6 times compared to rocks. The
soil natural period that coincides
with the natural period of the
building can greatly magnify the
building's acceleration and thus the

soil vibration period represents a

design standard.

Tall buildings are exposed to

different vibration modes, but for

seismic purposes (except for very
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tall buildings) the fundamental

period, or first mode is usually the

most important, Figure below.
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Vibration Modes of Tall Buildings

Seismic Design Parameters

There are many parameters that
affect and are influenced by the
design of buildings. It is important
that the design team wunderstands
these factors and deals with them

wisely at the design stage. These

parameters include:

* Torsion
The bodies and buildings have a
mass center, a point where the body

(building) can be balanced without
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rotation. If the mass is distributed on
a regular basis, the geometric center
of the Earth and the center of the
mass may conform. Uneven mass
distribution will place the mass
center outside the geometrical center
resulting in "twist" stress
concentrations. A certain amount of
twisting 1s inevitable in each
building design. However, the
analogous arrangement of blocks
will lead to a balanced hardening

against either direction and keep the

twist within a manageable range.

* Damping

Damping is a rate at which natural
vibration is absorbed. Buildings in
general are poor resonators to

dynamic shock and dissipate

vibration by absorbing it.

* Ductility

Ductility is the characteristic of a
material (such as steel) to bend, flex,
or move, but fails only after

considerable deformation has
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occurred. Non-ductile materials
(such as poorly reinforced concrete)
fail abruptly by crumbling. Good

ductility can be achieved with

carefully detailed joints.

» 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.(

* Building Configuration

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
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They have shear walls or moment-

resistant frames or braced Frames.

* Irregular Configuration
Buildings

Irregular Configuration buildings are
those that differ from the "regular"

definition and have problematic

stress concentrations and torsion.

Knowledge of the building's period,
torsion, damping, ductility, strength,
stiffness, and configuration can help
one determine the most appropriate
seismic  design  devices  and
mitigation strategies to employ. The
figure below shows the regular and
of

irregular configurations

buildings.
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Buildings Configurations

Seismic Design Methods in
Japan

Below we will review Japan's
seismic design methods and devices
for their efficiency in mitigating the

impact of earthquakes on humans

and their environment in Japan.

Earthquake Resistant

Structure

This is the most common structure

for detached houses in Japan. All
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buildings built after 1981 must
conform to the New Anti-seismic
Structure Standard requiring
buildings to have an earthquake
resistance structure. Seismic
resistance structure allows main
building structures, namely, posts,
walls and floors, to absorb seismic
motions. Buildings can be divided
into Rigid Structure (constructed
rigidly in order to prevent collapse)
and Flexible Structure (the main
structural parts of which bow

flexibly in order to spread the force

of seismic motions).

Damping Structure

In order to minimize seismic
motion, damping walls that absorb
seismic energy are constructed
within the building. Damping
structures can be divided into the
Active type, which uses energy such
as electricity and the Passive type,
which  uses  physical forces.

Compared to earthquake resistant
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structure, damping structure can

reduce seismic intensity by 70-80%.

Seismic Isolation Structure

Commonly wused for high-rise

buildings as part of their foundation,
this  structure  places  quake-
absorbing devices (isolators) such as
laminated rubber that blocks seismic
motions from reaching the building.
Quake-absorbing devices include
laminated rubber, lead,

ball

springs,

dampers, bearings, etc.

Furthermore, newly-invented

construction methods use a
combination of these materials.
isolation structure

Seismic can

reduce seismic intensity down
anywhere from 5 to ¥ (less than

half) when compared to earthquake

resistant structure.

Generally, apartment and office
buildings with damping or seismic
isolation structures are more secure
against earthquakes compared to

those with more basic anti-seismic
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structures, Figure below.
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and Materials

Wooden Structure

Wood is the main material used in
these buildings. With that structure,
posts and beams serve as the core
parts of a given building. Many

detached houses in Japan are made

of wood.

Steel Structure (S)
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This refers to buildings primarily

using steel materials in their
framework. Steel structures are
especially  suitable for large
buildings.

Reinforced Concrete
Structure (RC)

RC structure takes advantage of both
reinforcing bars as well as a steel
frame. With Reinforced Concrete
steel-made

structure, “reinforcing

bars” with tolerance  against

stretching  forces,

which

strengthen the

“concrete” resists  the

compressive forces of the building’s

weight.

Steel
Structure (SRC)

Reinforced Concrete

Along with iron frames, buildings

with this framework primarily
employ  concrete  with  iron
reinforcing  bars inside.  This

structure, often referred as “SRC
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structure,” utilizes both steel and
reinforced concrete. Iron poles and
beams, which are further supported
by iron reinforcing bars, are later
filled with concrete. This structure is
often applied for high-rise buildings
because it provides excellent seismic
resistance and is also solid and

durable

Gy cdd| &pall Oleas ST
JSA s pieiy b e &L A
155 deslie b &Y Laaladl Lol

Vj\.’jwlﬂ;ﬂ)ﬁj Sjb.f

168




*

AailAll

169



170



FIEE

Conclusion

In conclusion, we would like to
draw attention to the fact that
earthquakes occurred in the past
and occurred in the present and will
occur in the future, that man cannot
prevent earthquakes and cannot
predict the location, time of their
occurrence and magnitude. Since
most human casualties are caused
by the collapse of buildings, their
effects must be mitigated by the
preparedness for the earthquake
disaster. We must focus on
developing a disaster preparedness

plan that is implemented jointly by

the ordinary citizen and all
governmental and non-
governmental institutions of
society, in other words,

preparedness for the earthquake

disaster 1s a national task.

Al O did> (] el 55 coledl
G oty Ul G i i)
Ol s (ol @ Sy U
IV &g e ety Y OLYI
ke sis eos ot s 3l Y5
Bl Geall (AT 0l Uy L yluie
Caasdl e dy Y G Lel e i
B, sl I e LT e
Lot pis de 55 00 ot L3V
biss @ yln B0 sl
el Slws s @bl bl
AT Bl e S b G S
dage JIFH B0 slaaaN 055
Sl et O by
il G a I el a2
dl sty & 20l sl el sl

Je L§J,>‘T 8, sizs ol 39 . L;:JT

171




Earthquake-resistant design is the
only way at present to minimize
human and material losses. We
would like to stress once again the
importance of our preparation to
confront the earthquakes and to
preserve our safety and the safety
of those we love if they occur. We
understand  that

must raising

awareness and taking simple
actions can reduce damage and
risks. Do not hesitate to share this
information with your loved ones
and friends so that we all work
together to promote safety and
preparedness in our community.
Maintaining safety means
maintaining life and property, we
wish  you and

lasting safety

stability.
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