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A B L B sEaR 4 5P 52 T Applications of Thermal Images for
Monitoring Surficial Temperature Changes of Naked Slope ;- Global climate change
causes increases in the torrential rainfall brought by typhoons and the monsoon in
Taiwan. Torrential rain in turn causes landslides, debris flows, and the formation of
earth dams. Most dams were formed in remote mountainous areas and are difficult to
reach for safety evaluation at the beginning of their formation. A long distance and
non-destructive testing methodology is necessary for evaluating the safety of landslide
dams. This study used an infrared imager for monitoring naked slopes. The
thermography can detect surficial radiation temperature changes in the slope to locate
potential unstable areas for further monitoring. This study proposes radiation
temperature change (T) per unit of time (At) as an index (T /At) for nondestructive
monitoring. The index was used for monitoring and analysis of artificial earth dams
constructed at Huishun farm in Nantou County. The results of the analysis show that
the failure zone of the artificial dam exhibited the greatest change in the index and the
potential failure mode could be predicted once the dam breached. The proposed model
could be used for potential unstable slope monitoring.
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Applications of thermal images for monitoring surfical QOutline
temperature changes of naked slope

@INTRODUCTION

@STUDY AREA AND METHODOLOGY
@RESULTS

@ SUMMARY

Dept. of Civil & Water Resources Engineering
National Chiayi U., Chiayi City, Taiwan R.0.C.

Speaker: Professor Chien-Yuan Chen

27 June 2017
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Introduction Introduction
’ :.k-& Jcaucctply) descie 1Y ek foe ity *+  Thermogaphy was wed in fiald to identify the existence of woded caves behind
- Is apph:mmsmmendgdmpeq)les livehood and induswy for . mm\mwzﬁn* icabeli lnarag the
electric or inspect. mpqdmkmxwmmmmnun 2005)
= The detector is one type of non-destructive testing method to monitor the

internal material for large area.
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Introduction

Introduction Introduction
“f par— + Worldwide 84 % of dammed-
Yar o Iake are caused by rainfall and
of-» a 538 earthquakes (Schuster and Costa
au 222 1986).
M " R + Landslide dam (e g earth dam
. e . | hereiny is attributed to the
gl i’i A ii topographic and geologic
al v P conditions.
! + + Dam could cause ponding water
wf ] i e e, 1
= and residents downstream once
lifgzyqi-é ! | |h!adﬂl(xltnp,m5)
Introduction Introduction
* Eighteen landslide dams * The failure mode of natural dam is depended on the
formed during Typhoon characteristics of dam material mechanics strength of the
Morakot when it hit Taiwan. dam. soil permeability. and upstream discharge conditions.
:‘;eckd:;mﬂ-:ku;s v;ﬂe + The dam failure modes include overtopping erosion with
as arT 0! k 1 1 ; 1
X : peak flow, progressive erosion by seepage. and slope slide
landslides and debris flows (Schuster, 1985; Schuster and Costa, 1986; Miyagi et al.,
(Forest Bureau 2009). 2002).
W * Most of the landslide dam failures are attributed by
overtopping (over 50%), followed by piping, and then
slope failure (Schuster and Costa, 1986).
Y 27, —_— 24 5 N
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* Their stability and potential

Purpose of the Study

* These natural dams are

inaccessible and not able to
survey and evaluate their
safety in the first stage.

failure mode evaluation are
valuable for disaster
prevention and mitigation;
if a long distance of non-
destructive test is available.

Ohe.of, the EAARErephic Laadstide dsms jaRihoi in Villigw:
camsad 458 residents to be burled bty cutlurst debris sesses
e

Study Area

* The field experiment site is located in the Landao creek m
Huisun Forest, Nanotu County in middle Taiwan (Fig. 1).

« The creek is one of the potential debris flows in Taiwan.

* The creek initiated debris flow in 2001 during Typhoon
Toraji and in 2004 during Typhoon Mindulle landed on
Taiwan.

s ocusten of the stady area bn Tabwan

Study Area

= The field test was located at the downstream of the creek.

= The artificial earth dam was constructed to be 25 m long
and 2 m high (Fig. 2).

= The discharge was released upstream toward the earth
dam.

Methodology

thermography detector.
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Methodology

» The smdy proposed 2 new index for monitoring the surficial changes
of soil slope by water infiltration using thermal images. The index (T
/A7) is a measurement of the surficial radiation temperature changes
(T) in the time period between the times the two images were taken
(At). The changes of surficial radiation tempersture over time are used
for monitormg during the field test for potential failure mode
evaluation.

* The surface of the earth dam downstream was divided into grids for
monitoring the temperature changes. There are 27 gnids monitored as
marked in the mmage from left to right: al~a3, bl-b8, cl~c8. and
di1-d8 (Fig 1). The temperature is taken as an average within the grid.
Fifteen successive images were taken for the analysis. A positive value
of the index shows the temperate is increasing. A negative index shows
reduction in the temperate due to seepage and piping with the
increasingly blocked water table.
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Methodology

First test on 26 September 2012

S

Second test on 16 October 2012

= There were two dams arranged in upstream and
downstream.
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~___Dam in downstream

p—t

'Dam failure mode of
the upstream dam

2. Overtopping
and collapsed in
the middle area

1. Overtopping and
erosion in left side of
the upstream dam

Dam failure
mode of the ==
downstream =

dam

progressive erozic by seepage

Results
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Summary

Summary

* A long distance and tive testing EY using an
infrared imager is adopted for monitoring the safety of artificial dams.

* The thermography can detect surficial radiation temperature changes in
the slope to locate potential unstable areas for further monitoring.

« The radiation temperature change per unit of time is proposed as an
index (T /At) for nondestructive monitoring. The index was used for
monitoring and analysis of amificial earth dams constructed at Huishun
farm in Nantou County.

+ The results of the analysis show that the piping failure zone of the
artificial dam exhibited the greatest change in the grid and the potential
failure mode could be predicted.

+ The index reflects the surficial radiation temperature changes and can
be used for monitoring the stability of naked slopes.
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