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The Influence of the Convex Bank on Debris Flow Movement

Chun-En Lin™* Chun-Ting Chen? Shiao-Syaun Lin! Yi-An LiuMKuo-Wei Chen!"!
Abstract The Hualien Earthquake resulted in numerous landslides on April 3, 2024. Satellite images identified
1,942 new landslides, covering a total area of 15.2*10° m?. The Hsiulin district was particularly affected, with new
landslides covering an area of 14.81*10% m?. This research takes Hualien DF024 as the study area, where the train
derailed by debris flow on June 21, 2024. A new landslide area of 31.73*10* m? was identified and the ratio
accounting for 6% of the total catchment area, could trigger debris flows by further rainfall events. The convex bank
effects can influence the debris flow path, which could damage engineering structures. The Hyper KANAKO 2D is
applied to investigate the influence of channel convex bank on flow patterns and sediment transport processes. The
focus is on the potential risks to bridge approaches due to excessive sediment deposition. The results indicate that
Hyper KANAKO 2D can assist in assessing the impact on engineering structures under 50-year design event
conditions. The numerical model can identify the area impacted by debris flows and provide valuable information

for the authorities.
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Landslide Identification

* Hualien County (HSIU-
LIN - WAN-RONG -
FENG-PIN - SHOU-FENG -
CHI-AN);

* Yilan County (NAN-AO -
TA-TUNG - SU-AO);

 Nantou County (JEN-AI);
« Taichung City (HE-PING)
1,942 New Landslides

« Landslide Area: 1521.03
ha

DE022
Rellwey Ericee

Hualien Debris Flow No.024

The Hualien Earthquake Event

20240403 Hualien Earthquake

Landslide identification
1942 new landslides
Area: 1521.03 ha
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Study Area

 Location: Hsiulin district,
Hualien County

« Debris Flow Catchment Area:
5.29 km?

* Debris Flow Impact Area:
43.9 ha

« 25 New Landslides

* New Landslide Area: 31.7 ha
 New Landslide ratio: 6%

* Average slope: 50%

Hualien Debris Flow No.024

Hualien Daqingshuishi Creek (DF024)
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Narratlve

Taiwan Express Train
Derailment

 Debris Flow outburst:
« 2024/06/21 16:30
 Train Derailment

- 2024/06/21 16:50

 Location: The Hualien
Dagingshuishi Creek

« Casualty: 9 People
Injured and train
damage

2024106241
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Rainfall —— |

QingShuiTuanYai Rain Gauge (C0Z31)
v’ 2024/06/20 Rainfall Rrainfan Intensity (mm/hr) Cumulated Rainfall (mm)

=43.5 mm 2024/06/20

v 2024/06/21 Rainfall Rainfall: 43.5 mm
=12 mm and Train

derail at 16:50 Occurrence time
2024/06/21 16:50

v" Debris Flow l

Warning Criteria =

0621 Rainfall: 12

300mm 0619 Rainfall: 3 mm ainta mm
v’ 20240619 to 0621

Cumulated

Rainfall = 58.5mm
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Qingshuituanyai Rainfall Runoff

2024/06/20

model, the maximum rainfall was 28.5 mm on June

20, and estimated river flow was 10.24 cms.
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Ralnfa" RunOff Based on rainfall data and Wflow rainfall runoff




“ Satellite Image Comparison

v' The 1st wave of debris flow occurred ongune 20at 17:00~20:00 ;
v' The 2nd wave of debris flow occurred on June 21 at 16:30

149m 208m

9270m? 19092m?
Without Debris flow fan Debris flow

debris flow fan formed fen enlarged

2024/06/20 10:37 Planet ~ 2024/06/21 10:02 Planet 202200612 Planet
e ————————————SSSSSSSSSSSSSSSCCCCT T —_




Bridge Approach height 4.5 m

UAV-3D Model
Bridge clearance height 5.5 m

Railway Bridge length 26 m
Flooding mark height 3 m

26m
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https://tech.ardswc.gov.tw/3D/2024/rt_0622-1/App/#%2F

Debris Flow Event

Debris flow surge hit bridge
approach and onfo the racks




v The debris splashed on
leaves showed that the
debris flow had surged
onto the tracks.

v" Influenced by the channel
curvature the main flow is
directed towards the left
bank.

v The debris flow deposited
lots of sediment in the
riverbed on June 20.

v The debris flow caused a
surge that overtopped
the bridge approach on
June 21.

Field Survey Result

Deloris Tlow surge hit bridge eppreach
anc onlie the racks
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Longitudinal Profile

1. The downstream river slope is steep

2. The debris flow has better flowing capacity

60
Upstream Olljltf.low
Convex gmt
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Hydrograph Data :

Time: 18000sec

* Total Cumulated rainfall 43.5 mm

* Max. Rainfall intensity 28 mm/hr

Geometric Data :

* Pre-Event: 2015 DEM (Resolution
1 m*1 m)

* Computation mesh: 2 m

* Post-Event: 2024/06/22 UAV-3D
Model

Qingshuituanyai Rainfall Runoff
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umerical Simulation Case

Table - Parameters and values used in the KANAKO-2D

Particle size

(m)

10 0.1 30 Non
135 0.1 30 Non 50-year return period
135 0.1 30 Riverbed Dredge Half SUAGEEIEE I iNSsek!
135 0.1 30 Riverbed Dredge All  LIAGEEISTE 1880

135 Riverbed Dredge

+ Embankment

Case Qp (cms) Cv [%] Protection work

0.1 30 50-year return period




Numerical Simulation

Provineil Nod

centration: 30%
Qpeak: 10.24 cms
Geometric Meshs 2m

The river influence

the flow path toward left
bank.

Debris mostly deposited
nm '{t[%n@ uﬂ[@pe[r pa[r{t@‘ﬁ o

banks

AKE A




Run 2
Concentration:
Qpeak: 135 cms
Geometric Mesh: 2m

The river influence
the flow ttoward left
bank.

Bridge contraction
influence delris mostly
ceposited in the upper
part of bridge.

@1\@[@1&

Numerlcal Slmulatlon

Provindiall Nod

Banks

Enlerge off
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Numerlcal Simulation

Run 3 Provine#l Nod
Concentration: 30%

Qpeak: 135 cms >5m
Geomeftric Mesh: 2m TeUEs aIrea /

Condlition s dredge half

Larger ﬂran 5 m.

he debris flow could
rush onto the railway.
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Numerlcal Slmulatlon

Rumn 4 Provineel No.d
Concentration: 30%
Qpeak: 135 cms
Geometric Mesh: 2m
Condlition : dredge all

The delbris mostly
ceposited in original

convex benk and reduce
the railway impact.
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§qrn of bridg
Numerlcal atlon
Run 5 Provineel Nod
Concentration: 30%

Qpeak: 135 cms

Geometric Mesh: 2m aren
Condition : embankment =300 m?

The embenkment narmow

river widh to accelerate

flow velocity may be not a

good solution.

Nearrowea
e wialin

AREA
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This case showed that large earthquakes significantly lowered
the rainfall threshold required for initial debris flows.

The debris flow is primarily along the left river bank due to the
river bend characteristics.

The sediment was preferentially deposited upstream of the
bridge due to the narrowed flow width.

The engineering measures can reduce the debris flow impact
and need long-term maintenance.

Further research is needed to address the problems of

narrowed flow width, river bend characteristics, and concave
erosion.

20
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Discussion - Further Research

1. The upland area has many new landslides which may
cause sediment-related disasters in the following years.

2. The hyper-concentrated flow may adjust the debris flow
deposits/erodes with flowing sediments.

3. The convex bank forced the flow path along the left bank
and more sediment erosion on the outer bank.

4. The sediment transport capacity is reduced due to the
narrowed flow width of the bridge resulting in sediment
deposits.
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