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Background 1.2

¢ Taiwan is well acquainted with natural disasters.

» Located in the Northwest Pacific typhoon corridor and on
the seismically active Ring of Fire.

» Typhoon, the most frequently occurring natural disaster
* On average 3-5 typhoons hit Taiwan every year.
* Typhoon Morakot (2009) caused landslides that buried Kaohsiung’s
Xiaolin Village, and killed nearly 700 people.
» Earthquake, the most devastating natural disaster

* Roughly 100 earthquakes per day.

* Chi-Chi Earthquake (1999) destroyed more than 100 thousands of
buildings and killed more than 2,400 people.

¢ Long illness makes the patient a good doctor!

CENTEEE Y
NATIONAL YANG G CHIA G UNIVERSITY



Background 2/2)

921 Chi-Chi 403 Hualien
Earthquake Earthquake

1999/09/21 1:47 am 2024/04/03 7:58 am
m Nantou Offshore of Hualien
‘ 8.0 km ‘ L 15.5 km
, 73 ‘ , 7.2
: 102 seconds 60 seconds
46 atomic bomb 32 atomic bomb
‘ 2,496 , 18




Lessons learned from 921 Earthquake a/4)

“* Reform building and bridges codes
» Buildings

* Design Specifications for Concrete Structures

* Seismic Design Specifications and Commentary of Bulldlngs

» Highway & Railway Bridges

* Seismic Design Provisions and Commentary for Highway Bridges

* Seismic Design Provisions and Commentary for Railway Bridges

¢ Institutionalize search and rescue capacity

» Inter-organizational cooperation

<+ Improve warning and management systems

) Earthquake carly Wammg systems (SMS)




Lessons learned from 921 Earthquake /)

¢ Landslide risk classification management system
» For highway and railway side slopes.
» Classify segments into four levels: A, B, C, D.

» Evaluate A and B levels segments by Rock-fall Hazard Rating
System (RHRS) ranging from 1 to 5 degrees.

[ UAV, LiDAR, 3D Point

Cloud
Level | Stability Inspection Monitoring | Ground anchor Degree
inspection - .n.
Unstable Every month  Every week  Every half year Inspection
method
B Partially unstable = Every season = Every month  Every 2 years Inspection
frequency
C Stable Every year Every season Every 4 years
D Completely stable Every 3 years  None Every 4 years
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Lessons learned from 921 Earthquake 3/4)

¢+ Landslide risk classification management system

» Different disaster responses for four levels:

-ﬂ-ﬂ

3 hour rainfall > 120mm

48 hour rainfall > 350mm 2 1 - -

Typhoon warning lifted 1 1 1 1
Earthquake > M6.0 3 3 3 1
Large-scale landslide 4 4 4 4
Red alert of river mudslide 1 1 1 1
1 Special inspection in two days
2 Special inspection in 14 days
3 Special inspection in 7 days, Morning inspection last 1 week, Aerial/satellite photograph

Morning and evening inspection last 1 week, Aerial/satellite photograph




Lessons learned from 921 Earthquake 4/4)

¢+ Landslide risk classification management system

» Different disaster responses for four levels:

Y C

3 hour rainfall > 120mm Low down the rainfall threshold
48 hour rainfall > 350mm 1 1 2 2 2 Strengthen waster level monitoring
Typhoon warning lifted 5 5 5 5 3 Implement inspection operations
Earthquake > M6.0 6 6 6 6 4 Disseminate heavy rainfall Information
Large-scale landslide 7 7 7 7 5 Follow disaster prevention warning SOP
Red alert of river mudslide 8 g - . 6 Follow disaster response SOP

7 Security and traffic control (if necessary)

8 Strengthen rescue deployment




Disaster Response for 403 Earthquake a/5)

% No. 8 & No. 9 Highways and Eastern Railway were
seriously affected.

“* Many road blocks for highways and railways.

iiﬂé"“ﬁr’\ﬁ‘ﬁﬂ‘“ =i

pal:t overview | v izl KEuE BE
sar:aurswu oA B | y fe s 7 e o K m————
e o - . o . > 4 ot PN
T o A e " 287 B SRy e o
2B Tl !' lnlu ed peosle N 45 mﬁ - ” | ] ’J X , ry SRl -
- J ) i 3 | @8 | 1807k | S+
§ Displaced peopie | "'f‘/ hi ' / d /" Z o= N
n£MAnodbuild~ni l,J(.)-an UIENY. ‘N ‘ { 2|:|8{$7?§Ex('ﬂji§) A igﬁ 193k -
P N % 1. &8/ 79 B2 (B 7 ¥ : ig ]§$ ?
Y 2 P 7
7 284 173.5k 5+
Source: GLACK
210 foo 8 a8 | 1723k | 5+
n G 9 | &8s | 1677k | S5+
L 10 | @8 | 1618k | 5+
f 11 284 158k 5+
:1:«;5 st 12 | &8 | 1422k | 5
h fomt 13 B8R 132.2k 5-
f 1 2R 143.15k 6-
s m;'.':;’:,,\A‘-'-"w"'f;ﬂ o vatia o f //o W n-mhzzs - 4941148k 2 294 148k 6+
i R s g pr . 3 #9% | 1583k | 6-
¥ibtmaaner £ ! i PN
o e i - 6 g 5 4 29% | 1586k | 6-
S TGS — Coumy it F LY Hualle: ——-T v 5+ L8H(RE) 11 5 BR 159.3k 6-
\«' Hsiny ng( 45 _K / of =0 5 =94 L
@ European Unien, 2024. Map produced by the JRS. The v \ﬁgf ~, v PN n 6 ‘94 163.4K 6-
oundares id e nomes shoun o oh's mos do vt oy A /(’aohsru { g 5. B8/ (RE) 2 T
ol endorsement o azceptance by ine European Unon Tami:g‘;, ‘ Ialtun '+ chenggeng i L8837 11 1-11 |&A8%&ER37| 11& 5-
N . a aa 30& 5

Source: Emergency Response Coordination Centre

U U

ANG MING CHIAD TUNG UNIVERSITY




Disaster Response for 403 Earthquake 2/5)

“* No. 9 Highway
» Most of road blocks were recovered on 0403.
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Disaster Response for 403 Earthquake 3/5)

“* No. 8 Highway
» Most of road blocks were recovered in three days.
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Disaster Response for 403 Earthquake 4/5)

i 0403
¢ Disaster Response for Highways
» Emergency rehabilitation:
« TNi&7K bridge open to cars on 0406 0406

» Short term: 0403 ~ end of December
« 57K bridge
— End of May: Open to trucks and buses
— Rebuild the bridge
* Recover from 6 road blocks
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* Open-cut tunnel for highway and railway. | . —+——"77

» Long term:
* Suhua Safety Project
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Disaster Response for 403 Earthquake /5)

“* Displacements in Circular Line (New Taipei Metro)
» Rails had shifted 20 to 92 centimeters. e

» Train service between Bangiao and Zhonghe
are suspended and replaced by shuttle bus service.

» Three-stage restoring plan:

» Stage 1: Industrial Park and Banqiao stations T

Circular Line Route MAP

» Stage 2: Zhonghe and Dapinglin stations

i Saton

 Stage 3: Bangiao and Zhonghe stations 0 cenn

» The restoring is shortened from 14 to 8 months.
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Adaptation to Disasters 1/4)

“* Strategy 1: Strengthen disaster resistance

S1-1: Develop disaster risk evaluation method  S1-2: Revise design codes
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S1-4: Introduce novel technology,
method and materials
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Adaptation to Disasters (2/4)

“* Strategy 2: Develop disaster response capability

S2-1: Integrate inter-transportation responses and supports

- Railway being blocked > 3 hours = Bus feeder service
- Both railway and highways being blocked > 2 days = Air and sea transportation

S2-2: Introduce disaster risk monitoring mechanism
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S2-3: Invest early warning system
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Adaptation to Disasters (3/4)

¢ Strategy 3: Enhance disaster resilience

S3-1: Ensure disaster response routes accessible S3-5: Al enabled sensor city

S3-2: Pre-position emergency equipment

S3-3: Place backup systems
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S3-4: Raise public awareness and education

PLANNING -> DATA SENSING — DATA COLLECTING - DATA PROCESSING — DATA ANALYSIS RESULTS

DISASTER
RESPONSE
ROUTE
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DURING A DISASTER
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EMERGENCY
« THIS POSTER
COULD SAVE
YOUR LIFE
+

Public awareness and public
education for disaster risk
reduction: key messages




Adaptation to Disasters /4)

“* Strategy 4: Improve disaster response decision-

making

S4-1: Develop risk management
database and decision support system
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S4-2: Build adaptive capability
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& evaluation
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Conclusions an)

*+ Earthquake is the most devastating natural disaster:
» Unpredictable
» Devastating damage, followed by tsunami, landslide, ...

“* Every earthquake is a lesson to learn how we can
prepare ourselves, although it is a hard lesson...

¢+ Adaptations to disasters
» Strengthen disaster resistance
» Develop disaster response capability
» Enhance disaster resilience

» Improve disaster response decision-making
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