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Beichuan county: 80% of the buildings collapsed
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Affected ar&a 324,00&n?;
Severely affected arBa00&n?;
87,00(people killed and lost;
1,10Million RMB total economic
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6,219 papers referring to the Wenchuan Earthquake either in title, keywords
or abstract, were written by scholars from 67 countries in all continents;
among them over 1000 papers focusing on geo-hazards induced by the EQ.

Canada
54

United States
396

The WCEQ really
attracted the
attention of the
scientific
community
worldwide.
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52 out of the TOP 65 most cited papers on geo-hazards are from Chinese institutions,
among them 20 are from SKLGP. It is by far the largest contributing institution.
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A review paper on:
What we have learned from the 2008 Wenchuan earthquake and
its aftermath: A decade of research and challenges
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Short Communication

What we have learned from the 2008 Wenchuan Earthquake and its R
aftermath: A decade of research and challenges s

Xuanmei Fan?, C. Hsein Juang™”, Janusz Wasowski®, Runqiu Huang™", Qiang Xu®,
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ARTICLEINFO ABSTRACT

Keywords: The 2008 M,, 7.9 Wenchuan Earthquake (Sichuan, China) was possibly the largest and most destructive recent
Wenchuan Earthquake earthquake as far as the geo-hazards are concerned. Of the nearly 200,000 landslides triggered originally, many
Geo-hazards

remobilized within a few years after the initial event by rainfall, which often caused catastrophic debris flows.
The cascades of geo-hazards related to the Wenchuan Earthquake motivated research worldwide to investigate
the triggering and mechanisms of co-seismic landslides, their rainfall-induced remobilization, the generation of
debris flows, the evolution of their controlling factors, and the long-term role of earthquakes in shaping the
topography. On the eve of the 10th anniversary of the 2008 Wenchuan Earthquake, we present a short review of
the recent advances in these topics, discuss the challenges faced in the earthquake-related geo-hazards miti-
gation practice, and suggest priorities and guidelines for future research.

Co-seismic landslides
Post-seismic debris flows
Landslide remobilization
Landscape evolution




Summary of the main research aspects on geo-hazards and

their evolution at different temporal scales
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Triggering and
development of co-
seismic geo-hazards
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Mapping, spatial
distribution patterns

Initiation and failure
mechanism analyses

Evaluation of runout
characteristics

Formation and failure of
co-seismic landslide
dams
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\ Post-seismic debris flows
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1-10 years

Case studies and
inventory

Initiation and runout:
mechanisms and
modelling
Observations and
modelling of changing
rainfall threshold

Risk management and
mitigation (including
structural and non-
structural measures)

Post-seismic
landslides and their
hazard assessment

A Spatial and temporal
evolution

A Controls on the post-
earthquake geo-
hazards evolution

A Hazard assessment

A Risk assessment and
reconstruction
strategies

100-1000 years
Long-term impact of
strong earthquakes

A Weathering related
post-seismic
landsliding

A Sediment cascade
and yield after a
strong earthquake

A Long-term
landscape evolution:
the mass balance
problem
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Mapping and spatial distribution patterns

Total number of Shi e Total landslide Reference
landslides area (km?)

43,842 points - Huang and Li (2009)
13,114 points - Qi et al. (2010)
59,108 polygons 812.2 Dai et al. (2011)
60,109 points - Gorum et al. (2011)
197,481 polygons 1159.9 Xu et al. (2014)
57,150 polygons 396 Li et al. (2014)

43,842 landshides e the weeo,sandsiides

Huang R.,, Li, ; .. inventories wepeoduced tic"s  |f = |5
2009) B T “ifferent research groups.s :
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Mapping and spatial distribution patterns

Controlling factors for
coseismic landslides (dams)

( [ ADistanceto fault
Seismic < AFaulttype

factors AHanging/footwall effect
| | Aockingsectioneffect

:f: (

: { | Anternalrelief
actors AMVlicro-topography

Geological | J | ALithology
factors AGeologicalstructure

ADistanceto river
Hydrologi AStreampowerindex

A A o cal factors | | | ADrainagedensity
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Fan et al. (2012)Gorumet al. (2011)
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Initiation and failure mechanism analyses

The Largest: Daguangbao landslide (1.35 km?3)
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Initiation and failure mechanism analyses

The Largest: Daguangbao landslide (1.35 km?3)

Uppe_r stream
boundary




Initiation and failure mechanism analyses

The Largest: Daguangbao landslide (1.35 km?3)
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The failure mechanism of large-scale landslides triggered by the
Wenchuan earthgquake is dominated by tensile failure, forming steep
scarp and deep-seated failure.

Conceptual model of earthquake-triggered
landslides B
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Seismic slope response based on monitoring data

15 accelerometer
monitoring
stations were
installed in Qing
Chuan, since
2008, capturing
aboutl1 0 yea
data to analyze the
site amplification
phenomena
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Seismic slope response based on

monitoring data
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Apart from local
topography, the
geological structurealso
has strong influence on
the site amplification.

Pure topographic Topography & lithology
amplification effect amplification effect

Amplification factor | st u) N R D]
of pure topography e, R
is< 3.0at 3~7Hz o i < £°
much lower than the " :
site monitoring data. 2 : | B
01 2 3”4 5 6 7 8910 20 L 2 3 4 5 6 78910 20
- : s )
Adding lithology to skt 010 i 010
the modelhas a R T, 5 |
significantly I i
amplification of >9.0 | . :
at 3~7Hz, which has i
a good coupling with » 24
the recordings. ; im0 a ,
1 z 3 4 5 6 7 8910 20 1 2 3 4 5§ 6 7 88910 20

Frequence(Hr) Freouence(Hzl



Evaluation of runout characteristics and mechanism

Thermo-decomposition mechanism at the bottom of large rock avalanche
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M AUFERAS

Mingral changss oquantify frictional heating during a largs
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Formation and failure of coseismic landslide dams
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The Wenchuan earthquake
also induced the largest
number of landslide dams:
828, posing serious threats
to people downstream due
to possible dam-break
floods.
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Long-term effect
on sediment




Formation and failure of coseismic landslide dams
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Elevation {m) Spillway cross-section,

June 10, 2008
6800m 3/s

770 4 original dam crest




Summary of the main research aspects on geo-hazards and

their evolution at different temporal scales

Co-seismic Phase Post-seismic short-medium term Long-term
Post-seismic Long-term
\' et remobilization landscape
sl evolution
Loty

Co- & post- e : _
seismic dams Post-seismic debris Flow Sediment Fluvial erosion,

' Vo3 e S : g
: * =G ]U[ transport to river ]u[ river inci'og
Wenchuan earthquake 1-10 years 100-1000 years
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[ Post-seismic debris flows \ Post-seismic Long-term impact of
landslides and their strong earthquakes

hazard assessment

Triggering and
development of co-

S I A case studies and
seismic geo-hazards

| inventory A Weathering related

A Mapping, spatial

l
o l
S | A Initiation and runout: A Spatial and temporal post-seismic
distribution patterns | mechanisms and : evolution landsliding
A Initiation and failure modelling .
: | : A Controls on the post- A Sediment cascade
mechanism analyses A Observations and | -
_ I : : earthquake geo- and yield after a
A Evaluation of runout modelling of changing | :
N - | rainfall threshold hazards evolution strong earthquake
characteristics
A . 4 fai c o A Risk management and | A Hazard assessment A Long-term
ormation and faiiure o mitigation (including I A Risk assessment and landscape evolution:
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2 Post selsmlc debrls flows

, Case studles and mventory
e . G
. Initiation'and . runout mechanisms .and il
modelling
: .j . Observations and modelling of changing
25, rainfall threshold =
Risk assessment and mitigation
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Initiation and runout: mechanisms and modelling

Simulation of Hongchun debris flow occurred in August 2010 using PCRaster
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Initiation and runout: mechanisms and modelling
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Observation of changing rainfall threshold

Decrease of critical rainfall

Before the Earthquake After the earthquake
o Accumulated Critical Accumulated Critical
Critical : ) : )
Accumulated | . oo rainfall (mm) rainfall rainfall (mm) rainfall
rainfall (mm) (mm/hr) (mm/hr) (mmhr)
15.0%b 25.0% b
320-350 55-60 272.7 41 22 0% 32 0%

This trend is similar to that df999 Taiwan CRChi earthquake area
where the accumulated rainfall and critical-peur rainfall intensity
were 1/3 lowerthan befordhe earthquake. GenerallyWCEQ area,
320~350mmmeans once eveB0 yearsbut270mmmeans once
only everyl0 years

However, the rainfall threshold was observed to recover gradually
to the pre-earthquake level with time.



Modelling of changing rainfall threshold

Changes of amount of source material, properties of coseismic deposits

Reduction of source Grain coarsening Revegetation
material with time BRI, ..o ,




-

seismicdepositanto themodel(vanAschetal., 2014).

Calibrationof the 14 August2010debrisflow eventin Hongchungully
2. Integrationof the material depletion,grain coarseningand revegetationof the co-

3. Definition of thresholddor arun-out distanceuntil the outletof the catchment
4. Assessmendf theevolutionof therainfall thresholdsaccordingo threeprocess
Material depletion Grain coarsening Revegetation

120 120 120

110 + a —Sirnulationl 110 \ b —22% 110 Cc —Bare ground (2010)

10 :21232:22 i 100 “‘. _ : 12 c;‘: 100 —Mid-level revegetation (2013)

90 1 — Simulation 4 90 + Small particle content__g o, 90 - — High-level revegetation (2015)
_ 804 80 1 2% 80
55707 '§707 —0.1% gm-
2 60 - g 60 - 2 60
é 50 1 é 50 1 _ § 50
fa T e e

30 4 y:72.847x'0‘871 30 30 y= 85.128x0878

20 - R*=10.8548 20 - 20 4 Rz = 0.8476

10 y=65198x0 10 | ¥ =65.198x%% 1o | v =65.198x0%

0 R*=10.8451 0 I.{: :‘ 0?45‘1 R , R2=0.8451
001 2 3 4 5 6 7 8 910 11 12 13 14 15 01 2 3 4 5 6 7 8 9 1011 12 13 14 15 0 1 2 5 4 5 6 7 8 9 10111213 14 15
Duration (h) Duration (h) Duration (h)

é The grain coarseningis the most significant factor affecting the rainfall
threshold for post-seismic debris flowswhile the depletion of the material and
the revegetation cannot produce the large changes that we observed in the fie



