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1. Introduction of M6.4 Yangbi earthquake
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1. Introduction of M6.4 Yangbi earthquake

s Ground motion
s 260 sets
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1. Introduction of M6.4 Yangbi earthquake

s Ground motion
= 260 sets
= Maximum PGA: 7.20 m/s/s
= 53YBX, 4.5 km
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2. Field investigation
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2. Field investigation
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2. Field investigation: Damage to structures

= The buildings with formal seismic design and construction
have good seismic capacity

Slight damage

10



2. Field investigation: Damage to structures

s The seismic capacity of rural buildings is generally weak

Partially collapsed

11



2. Field investigation: Damage to strengthened building

= Seismic Reinforcement Project of Rural buildings
= Since 2004
= Three strengthening method for rural buildings
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Steel braces
between wood components to improve the integrity
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2. Field investigation: Damage to strengthened building

= Seismic Reinforcement Project of Rural buildings
= Since 2004
= Three strengthening method for rural buildings
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Steel diagonal braces Steel tie rods
between wood components to between wood components to
improve the overall deformation ability improve the overall deformation ability{3



2. Field investigation: Damage to strengthened building

= Seismic Reinforcement Project of Rural buildings
= Since 2004
= Three strengthening method for rural buildings

&9 -
g 7\

Steel braces Steel diagonal braces Steel tie rods

= About 300 $ per building

= Inexpensive, simple and anti-collapse

14
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3.Prompt damage assessment using RED-ACT

Conventional method

EQ
magnitude

Significant
Uncertainty

Building info. §§ EQ Intensity
Uncertainty Significant
Uncertainty

Fragility curve

Significant
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Loss

Proposed method

EQ
magnitude

Much smaller
Uncertainty

Ground

Building info.

motion

Much smaller
Uncertainty

Nonlinear time-
history analysis

Much smaller
Uncertainty

Uncertainty
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3.Prompt damage assessment using RED-ACT

Densely-distributed
strong motion network

NIED seismic
observation
networks
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Earthquake ground motion
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3.Prompt damage assessment using RED-ACT

Recorded ground + City-scale nonlinear
motion time-histo '

Real-time Earthquake Damage Assessment
RED-ACT
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3.1 City-scale Nonlinear Time history analysis

s What is City-scale nonlinear time-history analysis?
(NLTHA)

Structural dynamics

Structural dynamics

19



3.1 City-scale Nonlinear Time history analysis

Structural dynamic models (Physics driven model)

_____________________________________________________________________________________________________

Q@/A
The ground motion Structural dynamic models Dynamic
(recorded or simulated) (multi-scale models) response

Advantages

- Strictly following the fundamental of structural dynamics
« Accurately represent the features of individual buildings
» Accurately represent the characteristics of earthquakes

Lu XZ, Guan H, Earthquake Disaster Simulation of Civil Infrastructures: From Tall Buildings to Urban Areas
(2 edition), Singapore: Springer, 2021. 20



3.1 City-scale Nonlinear Time history analysis

s Multi-scale structural dynamic models

Multl-story bmldmgs Tall bmldmgs Special buildings
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High-fidelity
models 21
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3.1.1 Parameter determination method

Each parameter has a clear physical meaning
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Parameter determination and damage assessment for THA-based regional seismic damage prediction of
multi-story buildings, Journal of Earthquake Engineering, 2016 22



3.1.1 Parameter determination method

s Parameters adapted for Japan
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3.1.2 Higher accuracy of prediction

= Validation
.............. Experiment ...
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Parameter determination and damage assessment for THA-based regional seismic damage prediction of
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3.1.2 Higher accuracy of prediction

= Ludian Earthquake (M 6.5), 2014, China

_____________________________________________________________________________________________________________________________________

Actual

DPM

0% 20% 40% 60% 80% 100%
Damage probability distribution '
® None = Slight Moderate = Extensive ® Complete

Actual damageof Longtoushanown

Compare with actual damage and DPM method |
(DPM: Damage Probability Matrlces)

____________________________________________________________________________________________________________________________________

v Agree well with actual damage
v More accurate than the traditional DPM method

Parameter determination and damage assessment for THA-based regional seismic damage prediction of
multi-story buildings, Journal of Earthquake Engineering, 2016 25



3.1 City-scale Nonlinear Time history analysis

1. Explicit physical mechanism 4. Intuitive and intelligible visualization
2. Higher accuracy 5. Death, Dollar, Downtime & Resilience
3. Adaptive data resolutions 6. Various secondary disasters

Ground mation under Big #104 . -
Disp x (m)

Beijing CBD, 1679 Sanhe-Pinggu M8.0 Earthquake




3.1 City-scale Nonlinear Time history analysis
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- _ - Earthquake secon re

| L ¢
San Francisco Bay Area, M 7.0 Earthquake of Hayward Fault
1,843,351 buildings, Courtesy NHERI SimCenter




3.2 Earthquake-induced landslides assessment

= Near-real-time prompt assessment for regional EQILs

Module 1: Generation of the Module 2: Model parameters Module 3: Newmark sliding
ground motion field determination block analysis

Strong-motion network

P o

Near-real-time prompt assessment for regional earthquake-induced landslides using recorded ground
motions, Computers & Geosciences, 2021 oq



3.3 Prompt damage assessment using RED-ACT

RED-ACT
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3.3 Prompt damage assessment using RED-ACT

s Compared with actual damage
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» 300 experts
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3.3 Prompt damage assessment using RED-ACT

s EQILs assessment

= Our method: high probability
= PAGER: low probability
= Agree well with actual damage
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-------------- Our prediction ------;;- Site investigation report

4.0ther applications of RED-ACT

= Jiuzhaigou Earthquake (M 7.0), 2017, China
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4.0ther applications of RED-ACT

s Fukushima Earthquake (M 7.3), 2021, Japan

= Field investigation: small possibility of collapse
= Collapsed (£1%E): 32, Extensive damage (¥1%): 259
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4.0ther applications of RED-ACT

= China, USA, Japan, Italy, New Zealand, etc.
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5. Conclusions

Recorded ground + City-scale nonlinear
motion time-history analysis
Real-time Earthquake Damage
Assessment (RED-ACT)

o] Advantages
magnitude

Determinate|  Accurate ground motion

Building info.
motion +

Uncertainty Determinate| Accurate structural dynamic
City-scale time- equations
history analysis
Limited I I
Uncertainty

Accurate seismic damage
assessment
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