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Age Vs Building Typology in Kathmandu Valley
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years years years years years years years years
@ Adobe 3% B2% 36% 3% 39% 22% 12% 4%
E Stone T% % 14% 16% 2% 11% 6% 5%
mEM 349% 28% 32% 31% 31% 21% 14% 4%,
oBC 4% 0% 0% 4% 13% 18% 29% 34%
mRC 0% 0% 2% 4% 3% 11% 25% 49%
O Stone and Adobe 4%, 29 2% 4% 0% 1% 0% 0%
EStone and BM 2% 0% 5% 0% 1% 3% 1% 0%
OBM and BC 6% 3% 7% 4% 2% 10% 9% 1%
EWOthers 1% 11% 2% 4% 3% 3% 3% 3%
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Triangle of success for Hazard
mitigation in Thailand
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Knowledge

SUCCESS

Society Acceptance Policy Maker
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- Standard and code
- Early warning
technology
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Retrofitting technology
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General risk ranking for Tokyo’s main areas
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The successful of warning
system depends on PEOPLE
People in risk area should be the

key person to manage their safety in
the critical time.
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Liquefaction and its Effects

Before the Earthquake
Araas of flat, low lying land with groundwater only a few metres below the surface, can support buildings and roads, buried pipes, cables and
tanks under normal conditions.,
'h___ "
e !._

During and after the Earthquake

mnmhnﬂl silt and water moves up under pressure through cracks and other waak areas 1o erupt onto the ground
surface. Near rivers the pressure is relloved to the side as the ground moves sideways into the river channels.

Sand Boils (Sand Voicanoes) Power poles are pulled their
M&.ﬂﬂiﬁﬂmﬂmﬂm m-ﬁq.:.m!hl;mm
pressure through cracks fRows the liquefied ground. Underground River banks move toward each
the surface. Heavy objects like cars can sink cables are pulied spart other Cracks open along the banks.

Tanks, pipes and manholes float up in the liguefied ground and break
through the surface. Pipes break, water and sewage leaks into the ground.
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Maesai area, Chiangrai Province
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SOIL BORING LOG
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Liquefaction potential map of Maesai area
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Large landslide from the 2005 Pakistan earthquake


Presenter Notes
Presentation Notes
Landslides cause fatalities and destroy infrastructure making emergency response much harder
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SCIENCEINSIDER = ASIA

Slippery volcanic soils blamed for deadly
landslides during Hokkaido earthquake

Hillsides slid away on slippery layer of pumice

11 SEP 2018 - BY DENNIS NORMILE

The magnitude-6.7
earthquake that struck
Japan's Hokkaido island on
6 September had an outsize
impact on the landscape:
hundreds of landslides that
scarred hillsides,
decapitated ridges, and
caused most of the 41
deaths attributed to the
earthquake. Now, some
scientists are saying the
island was primed for the
landslides when heavy

rains soaked subsurface
deposits of volcanic soil in
the region, turning them
into a geologic grease layer.
Others, however, aren't
convinced yet.
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GUAYANILLA, Guayanilla —A 5.8 magnitude quake hit Puerto Rico before dawn
Monday, unleashing small landslides, causing power outages and collapsing some
homes, as well as a famed tourist attraction.

The shake collapsed a coastal rock formation that had formed a sort of rounded
window, Punta Ventana, that was a popular tourist draw in the southwest town of
Guayanilla.
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Cobra Head Sea Stack, Bako National pérk, Malaysia
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PREDICTION Assume corrosion occurs at a rate of 5 mm per year.
From: Erosion record at Hopewell Rocks,Canada (Hyslop, A. et al., 2022)

From model GSI = 80, UCS = 70,227 kN/m2 with Erosion 4 m :
Can predicted failure will occur in the next 800 years.

From model GSI =75, UCS =54,621 kN/m2 with Erosion 2 m :
Can predicted failure will occur in the next 400 years.

SUGGESTED REHABITATION

Steelfiber Shotcrete : Sulfate Resistant Cement mixed with  Accelerators
and Steelfiber
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Major lineaments associated with a major fault
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Medium lineaments associated with faults and medium fractures
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Hazard Classification
(ICOLD or FEMA?)

v Recorded Seismic Data
-Accleration v/s time

Ground motion level by hazard classified
(MCE,SEE,OBE)

J'_l

Seismic Zone Characteristics
Seismic Source
Radius
Type &
Properties of Source
Detail Trenching required
(Criteria)
Attenuation Model Approach
(Criteria?)

Seismic Hazard Analysis
(Criteria)

Deterministic Seismic
Hazard Analysis (DSHA)

o e e o o

Criteria to select

Probabilistic Seismic

PSHA method Hazard Analysis (PSHA)

As built Drawings,

Design Reports,
Construction

Instruments data
-piezometers

- settlement point

Material Properties

[ Material Properties ]

Static Soil Properties

Site investigation
and Soil testing
(Criteria)

Field Test

criteria

Laboratory Test

criteria

Y

.
Pre-Earthquake Analysis Dam Type
criteria

Dam Modeling (2D/3D)
criteria

Seepage Analysis
(2D /3D ) criteria

!
,,,,, Freeboard of dam
Seismic wave vs wind wave
v
2D

Limit Equilibrium Method

2D&3D
Finite Element Method

7 Staged Construction

}‘—1

Stress & Strain
Analysis

Liquefaction

either DSHA or !

v
Seismic Loading

*  Earthfill dam and Gravity dam according to MCE, SEE, OBE (ICOLD,2010)
*  Appurtenant Structure according to MCE, MDE, OBE (USACE,2007)

Static-based Analysis
* Peak Ground Acceleration (PGA) -> [PHA, PVA] (Criteria)
« Magnitude (M) for Liquefaction analysis

-
Dynamic Response Analysis
« Target Response Spectrum
 Acceleration time history -> amount of motion?

S

Seismic Load Determination

Potential Analysis
(Criteria 1)

Stability Analysis

Tectonic Stress (Criteria)
* High seismic zone
« Nearby active fault

Initial Stress & Strain

v v

Earth-filled Dam
« Slope & Foundation
Stability (Local +
Overall)

Gravity Dam Appurtenant Structure
« Sliding Sliding
* Overturning Overturning
* Bearing Capacity Displacement/Deformation
« Stress in dam body and foundation Story Drift

Foundation Bearing Pressure

l—‘—l

—

\

%

v

| Dynamic Soil Properties

Field Test
criteria

Site investigation
and Soil testing

(Criteria) Laboratory Test

criteria

Non-linear Analysis

Liquefaction
Potential Analysis
Dam and Foundation

—P[ Equivalent-linear Analysis ]
v

Model Geometry
- 2D several cross-sections, different
amounts of settlement.

l Material Properties

Model Geometry
- 3D steep abutments, heterogenous
foundation
- 2D would be less effective -
several cross-sections, different

Deconvolution G, Gmax, G/Gmax curve, Damping
- Foundation with "Soil" layer curve
(check with Vs).

-1-D analysis using SHAKE or
similar software.

Dynamic Response Analysis

Dam Safety evaluation

Verification with Recorded

v v
[ Earth-filled Dam ] [ Gravity Dam ] Appurtenant
Structure

|

Mode of failure

Mode of failure Mode of failure

Slope & Foundation Slidin 7
o 9 Sliding
Stability (Local + Overall) Stress in dam body and foundation Structure crack/failure
[S’ZZL Z;z’f;”gt’é’l"%ty Resultant Force Stress in structure
Post EQ Liquefaction of foundation i i
Post EQ Liquefaction of B gﬁéﬁ;’q"ef Eciono]

dam and foundation
Embankment Cracking

Static Analysis
LEM + FEM

Seismic Analysis
LEM

Static Analysis
LEM + FEM

Equivalant Static
Analysis

Seismic Analysis
LEM

J

N
Pseudo-static
Analysis

J

Acceptable Factor of
Safety
(Criteria)

Acceptable Factor of
Safety
(Criteria)

Acceptable Factor of
Safety
(Criteria)

Static-based Analysis
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Mea Suai Dam

Damage from 6.3 M EQ
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Pagoda restoration by
hydraulic jacking technique
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Remove the RCC crest wall
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3D Finite Element Model of Mae Suai Dam (MIDAS GTS)

59m

160m

@ RCC Spillway
@ Random Zone
@ RCC Crest Blocks

(6) RCC Blocks
(7) Foundation

D Clay Core
@ RCC Spillway

® Random Zone

@ Filter

(® RCC Crest Blocks
® RCC Blocks

RCC Spillway section

3D Finite Element Model

@ Clay Core
@ RCC Spillway

® Random Zone

@ Filter

(® RCC Crest Blocks
® RCC Blocks

Earth dam section
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Crack appeared in rehabilitation processes of Mae Suai dam. 2019
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New Crest
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Hot Dipped Galvanized Sheet Pile with join sealant

for water cut off and for limiting the lateral movement from new fill
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Building Inspection after
6.3 M Eqg in Thailand

Building inspection, 10,000 houses in 3 weeks
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Unlversal design + disaster adapted snUnulrgeaInsEAURUAL
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Non-Engineered

Repairabl
House epairable

House

No.5 House of Duangjan Insuan
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136,730 wan! HHTTTTTTT

Name Actual Cost Structural Cost

Actual Ceiling

Structural Ceiling Materials

Boonsong Intajak 70,000 24,000 - 42,000 155,318 15,531 - 23,297

Prathuan Putsri 40,000 16,000 - 24,000 119,335 11,934 - 17,900

Vichian Macam 169,116 16,911 - 25,367

Sangarun Thepwong 35,000 14,000 - 21,000 91,138 36,455 — 54,683

Duangjan Insuan 100,000 40,000 - 60,000 241,112 24,111 - 36,166

Songwut Ruamsuk 6,000 2,400 - 3,600 20,180 8,072 — 12,108
Boonyang Jaipoak 79,784 31,914 — 47,870
Varin Srikamwong 142,352 14,235 - 21,352

Napitch Phromthep X E - 45 174,675 17,468 - 21,201

10

11

12

13

Sripan Suttanu
Inthon Khamdee
Bangorn Vicha

Chai Dumsaew

1,800 - 2,700
1,200 - 1,800

Total (Baht)

26,077

97,902

104,227

11,688

10,431 - 15,646

39,161 — 58,741

10,422 - 15,634

4,675 - 7,012

136,730
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Low land area
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ALE«EI 1:Not felt except by very few under especiall favorable conditions.

ALEWE‘ 2:Felt only by a few people at rest, especially on upper floors of building:

Level 3:Felt quite noticeably by people indoors, especially on upper floors o

A buildings. Many people do not recognize it as an earthquake. Standing motor
cars may rock slightly. Vibrations similar to the passing of a truck. Duration
estimated.

Level &:Feltindoors by many, outdoors by few during the day. At ight, some
awakened. Dishes, windows, doors disturbed; walls make cracking sound.
Sensation like heavy truck striking building. Standing mator cars rocked
noticeably.

Level 5:Felt by nearly everyone; many awakened. Some dishes, windows
broken. Unstable objects overtumed. Pendulum clocks may stop.

050 10 Level 6:Felt by all, many frightened. Some heavy furniture moved; a few
Kilometers instances of fallen plaster. Damage slight.
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6.4 magnitude earthquake, Epicenter in Xayaburi, Laos PDR
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Myanmar rattled by magnitude 7.7 earthquake
The Sagaing fault line runs through or close to major cities including Yangon, Naypyidaw

and Mandalay.

Magnitude 6+ earthquakes since 1900

o O
6 9

Sagaing Fault

200km \
L 1 \ R

Source: USGS
Sudev Kiyada * March 28, 2025 | REUTERS



Earthquake Early Warning
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Seismic Wave Record
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ShakeAlert’ Is Not Earthquake Prediction

ShakeAlert” sensors o ShakeAlert” processing o Delivery partners pick up
rapidly detect centers estimate earthquake the ShakeAlert” Message
an earthquake characteristics and issue a and produce an alert for

in progress. ShakeAlert” Message. people and systems.

First Felt Wave
(P-wave) PR -y =

Fault

o ShakeAlert
Delivery Partners

Q ShakeAlert < "\
Processing AN\

@Center

Adapted from Erin Burkett (USGS) and Jeff Goertzen (Orange County Register).
Updated by ShakeAlert team (2020)
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Triangle of success for Hazard
mitigation in Thailand
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Society Acceptance Policy Maker
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- Standard and code
- Early warning
technology
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Retrofitting technology
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