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Today’s Overview

« About The 2025 M7.7 Myanmar Earthquake

 What is important in earthquake statistics?

-> These boring statistics are actually closely
related to whether earthquake prediction is
possible or not.
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Summary of Damages

Total Collapse — 1 Bldg (SAO bldg. during constructi

Structural damages — Approx. more than 10 Bldgs

Non-structural damages — Approx. Several 100 Bldg

All buildings in Bangkok, except collapsed SAO bldg, are safe fi
the earthquake with varying of damages but no reported inju

or death, except the collapsed SAO bldg with around 100 lab:
death or missing.

Pennung Warnitchai(2025)

Fig. 16 a) A partial failure ot suspended ceiling mn a high-rise building was commonly obs

Fig. 15 Severe damage observed at shear wall including vertical bar buckling and concrete spalling in . . >
the lower stories of a 25-story building due to lack of seismic detailing with horizontal reinforcing bars flue. to llack of horizontal l')racmg, b) non-structural damage to a large infill wall was also w
of about 300mm spacing indicating out of plane failure pattern from the boundary frame



Earthquake: cause and result
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Only linear process!
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Why so strong shaking caused in
Bangkok?

1) Thick soft sediments amplify the
shaking

2) The long period waves survive at
long distance.

3) Then, Strong resonance of the
buildings caused due to the free
oscillation periods.



Maximum-Horizontal Ground Motion Maximum-Horizontal Ground Motion
Histories — CHTO (Rock) Histories — KMUA (Soft Soil)
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Fig. 3 Map showing five seismic stations located in the Bangkok basin and the depth to the bedroc Flg7 SChematiC CI‘OSS-SeCtiOH Of lOWEI‘ ChaO Phraya
(modified from Jirasakjamroonsri et al. 2018) BaSiH ( J1 C A 1999)
s

Teraphan Ornthammarath et. al. 2025 https://www.gerd.eng.ku.ac.th/Paper/Paper_Other/Mairaing/%28
EIT-dapan%29Soft%20Bangkok%20Clay%20Zoning.pdf
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aphs in Osaka-Kyoiku Univ.
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Whole day record on 28 Mar. 2025 at Osaka-Kyoiku Univ. JAPAN
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Why did damage occur
picenter being so far away?
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© Sunlight has further to travel to reach

e n your eye as it nears the horizon.

Because blue/violet light have short wavelengths... they are most likely to be scattered by air/dust particles.
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As the distance increases, most of the light left unscattered is red and orange.




Resonance Effect By Pennung Warnitchai, Professor of
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Go to “Boring” Statistics!



« G-R Law
« Omori Law
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The Gutenberg-Richter's Law
Earthquake-size: Magnitude(Size)

Number of earthquakes (Frequency)
Examples of South-East Asia and Japan
Lets’ Try!



The Gutenberg-Richter's Law
Earthquake-size: Magnitude(Size)

Number of earthquakes (Frequency)
Examples of South-East Asia and Japan
Lets’ Try!
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Why G-R Law?

« Go-Game Model (Ohtsuka,1971)
« Sand-Pile Model (Bak, et.al.,1987 )

« Spring-Block Model ( Burridge and
Knopoff,1967, Carlson and Langer,1989)
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A Simulation of Earthquake Occurrence
Part 2. Magnitude-Frequency Relation of Earthquakes

MICHIO OTSUKA

Department of Physics, Faculty of Science, Kumamoto University
(Received June 30, 1971)

At what stage of earthquake phenomena is the total amount of energy to be liberated by
a particular event determined? Is it scheduled since long before the occurrence of that event,
just before its outbreak or just after termination of disturbance?

Through detailed study of the operation of a simulator treated in the first part of this
paper, the author was led to be i d in the ibilty of the last case.

The basic idea is that the elastic stress energy spread over vast volume of rock medium
cannot be liberated at an instant but must be released as a result of sequential progression of
rupture which may be controlled by numerous factors such as stress concentration strength,
inhomogeneity, distribution of flaws etc. in the medium.

The implication is that the amount of energy which is going to be liberated by a
particular earthquake can only be told on the probabilistic ground until all energy release
processes of that event are brought to termination. The observed magnitude-frequency rela-
tions of earthquakes are in general agreement with this argument.
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Fig. 3. The calculated output of "Go game model” for various values of p, a
parameter which controls the probability of rupture propagation.
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2.1 Go-game Model (Rules) (Okamoto,2003)
"Go-game" is a popular stone puzzle game in Japan imported from aanRT'laﬁﬁg'ull.stars.ne.jp/ 2003_Canadajweb/index.html
"Go-game model" was originated by M. Ohtsuka in 1971 to investigate the background of
"Gutenberg-Richter's Law", which is a famous relation between earthquake sizes and frequencies.

i) D,

-Preparation: It =

* A lattice printed-paper. S0 R
* A pencil: Maker's logo shows hit. TR
(The probability of hits is 2/6 (p.p=0.33), see Fig.1).
This article uses "p.p" as a propagation probability.) R

-Procedures: +— T
1) A cell is chosen randomly with a star<*> — Y
(start point of a fault break) (Fig. 2-a)

2) Four nearest neighbors are numbered (Fig. 2-a).
3) Dice trial; hit plots O and blank plots X.

O means a break propagates while X means doesn't
(Fig.2-b).

4) Sites surrounding O without any marks are
numbered for next trial (Fig. 2-c).

5) The process is iterated until all sites are
surrounded with X (end of an "earthquake").

Fig.1 A lattice paper and pencils
(Left shows hit, right shows blank).

6) If our virtual earthquake "finished", then P

an next earthquake will start. <Return to 1) . @) 103
7) After some practice time, the results of all 1% 2 e X%l 2
students are gathered and summed on a blackboard, 3 % X5
then are plotted on a log-log graph. a b C

Fig.2: Rules of Go-game model.



Simulation Rules:
1. Start: Mark a random square with a star (+).
2. Test: Check the 4 neighbors (Probability p=1/3).
« Hit: Mark O (Continue).
* Miss: Mark X (Stop).
3. Repeat: Test the neighbors of every new O.
4. End: Stop when the cluster is blocked by Xs.

. 2
1 @) 1103]
I E X %@ X%l 4
3 % x| 5
a b C.

Fig.2: Rules of Go-game model.
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2.2 Board as a Student Practice

@
@ -
O 2 a 2
PEIEA), X 7
GO s
F G 5,
O X 3] -
D KD XK f
pe OhNRE RS
KX el x3|e) : B
XBIDPXC X 0 2 it
% ] 7 a L
gape] | i
XReL] | | i A
X A X i 3 ; a
@ x| pal R X N LT A
XA H LA ( : nuy F o il =
G XCIe) () ] oS
X (3) — ] = A a
2) 4 T ] 3 Fagt
X T PR T ]
2 @) ) T
QX OF) b6 GRS : | a bAoA
@ A | EE) ! i
(o g TH 0~ ]
92) —
4 1 Y CH T ‘C?“ir‘;s;u;?o‘n 6:7-7'1‘6:00

Fig. 3: Go-game model by hand trials (left)
and an example of cluster sizes vs. populations with p.p=0.33 on a log-log sheet (right).
A similar relation like the G-R law is appeared.



2 3 Go game Model (Behavnor)

» The number' of break cells
= an earthquake size.

» The more hit marks, the
more earthquake grows.

» A similar relation like
the G-R law.

* PC simulation: shows the
real-time growth of clusters
and the size-frequency relation.

Fig.4 Demo_version on PC (left) and comparison
with p.o (right): p.p=0.33(upper) 0.58(lower)
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(Left) Fig.6: Virtual Earthquake sizes vs. Frequencies;

Propagation Probability p.p=0.58 (nhear critical state of 2 dimensional site percolation)
Clear linear relations, distinctive Fractal scaling behavior, appear in both the crowd mode
and the forest mode, while the solitary mode does not show such character.

(Right) Fig.7: Natural Earthquake sizes vs. Frequencies (6-R Law Relation)
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x p=0.17

o p=0.33
a p=0.5
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Dlsease Model

Aars E < DNicaacaln Al s Thinascn A drets
Shodor > Featured > DiseaseModel > Disease Model

Introduction Model Learner Instructor Help

NEW! - View ASL annotated model of the spread of disease

Disease Epidemic Model
Using Computer Modeling to
Understand the Spread of Disease

This model can be used to create a virtual population to observe how different factors might affect the
spread of a disease. Scientists often use computer models to study complicated phenomena like
epidemics. This model can be a simplified simulation of any disease that is spread through human contact.
Find accompanying materials for students and instructors by using the links in the light blue navigation bar.




Ebola spreads slower, kills more than other

d |Seases http://www.washingtonpost.com/wp-srv/special/health/now-ebola-spreads/

This simulation shows how quickly 10 diseases, from more fatal to less fatal, could spread from one person to 100
unvaccinated people.

M Newly infected Recovered [l Deaths Day 78 mo RUN NEW SIMULATION

Ebola i Smallpox i Measles o SARS i) Diphtheria i)
DAYS ELAPSED 74 DAYS ELAPSED 42 DAYS ELAPSED 25 DAYS ELAPSED a7 DAYS ELAPSED 77
PEOPLE INFECTED 100 PEOPLE INFECTED 100 PEOPLE INFECTED 100 PEOPLE INFECTED 100 PEOPLE INFECTED 43
DEATHS 30 DEATHS 27 DEATHS 11 DEATHS 7
[ ] | | HE B | | HE HE
H H H H H |
[ | | | | H B R [ | | | |
H H | | HEE | | |
| | | |
| | | | H EH N
| | H H
[ | | H n HE N | |
H N EE HEEE HE |
| HER | H H |
Flu LiJ Whooping LiJ Rubella o Mumps LiJ Chickenpox ©
DAYS ELAPSED 14 cough DAYS ELAPSED 57 DAYS ELAPSED 53 DAYS ELAPSED 29
PEOPLE INFECTED 100 DAYS ELAPSED a5 PEOPLE INFECTED 100 PEOPLE INFECTED 100 PEOPLE INFECTED 100
DEATHS 2 PEOPLE INFECTED 100 DEATHS 0 DEATHS [1] DEATHS [1]
DEATHS 1]



If this model explains any aspect
diwaimpautensieeabifeisd\Viodel
earthquake prediction becomes
fundamentally impossible.

In other words, both small and
large earthquakes start the same
way.

An earthquake doesn't know at
first whether it will grow larger or



o -
TheTURITS car be prediated by

some equation.
-> Deterministic model

When a stochastic process is
introduced in the system,

predicting the future becomes
Aifficnilt



Sand Pile Model (Per Bak.et,al.1987)

° Per Bak EBRBAK
[1948-2002]

héw
nature

works

w ] S

R

Figure 3.1.1 The formation of a sandpile (after Bak et al. [1988]). The pile reaches its critical

state, in which the slope of the pile will grow no further.




Sand Pile Model (My Analog Experiment, 2014)
_




The inner rule is completely determin

z(x,y)—z(x,y) —4,
zixt1l,y) —»z(xE1,p)+1,
zx,yE1)—zx,p = 1)+1,

100

0 20 40 60 80

FIG. 1. Self-organized critical state of minimally stable
clusters, for a 100x 100 array.
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FIG. 2. Distribution of cluster sizes at criticality in two and
three dimensions, computed dynamically as described in the

text.

(a) 50x50 array, averaged over 200 samples; (b)

20x20x 20 array, averaged over 200 samples. The data have
been coarse grained.
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Sand. PLF

---SOC Sandpile Stats ---
Time (t):

001041 / 10000

Avalanche Size (C):

0000

Drawn Size (CC):
0000

Log Output > T_SKIP:
ON




PC simulation (Sand Pile Model, Bak et.al.,1987)

BTW model(Sandpile model)
100000 grains trial

100000

I(x) = 23903.752 x"-1.075

10000

Bz B \ 3% B OXREEF

1000

population

100

10

1 10 100 1000 10000 100000

area



Q_3: How do faults affect Yoshio Okamoto: 35th IGC Cape Town 2016
each other

* Even a simple model shows a little bit
complicated pattern.

* If many faults affect each-other, $pring-bloch model
what kind of thing happens?? * What happens in a multi-block model?

* Theses models are originated by Burridge and
. I, e I e I 5 N Knopoff(1967), This S-B model is inspired b
S S SN Kato(2011) <

Burridge and Knopoff(1967) : Model and theoretical 5y ring-block model:
seismicity, BSSA.57, 341—-371

8 thick iron plates
lined up in a
straight are
connected to a
surrounding
wooden frame with
rubber bands.

The frame is driven
by hand.
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Spring-Block Model Y.Okamoto(2018)
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A PC simulation of Spring-Block model
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