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Evolution and Topography Changes Analysis of a Debris Flow
Deposition Fan Area

Zhen-Xuan Chen * Zhen-Yu Wang * Jia-Ling Jiang * Chien-Yuan Chen 2

'Department of Civil and Water Resources Engineering, National Chiayi University

2Corresponding Author, Department of Civil and Water Resources Engineering, National Chiayi University

ABSTRACT

The occurrences of landslides and debris flows are frequent in Taiwan due to the complex
geologic conditions and torrential rains brought by typhoons. Climate change causes high rainfall
intensity that is prone to initiate debris flows with massive depositions. Numerous studies have
focused on the formation of debris fans downstream in the aftermaths of debris flows for risk and
potential analyses. This study carried out debris fan evolution and morphology changes analysis
of the gravel debris fan at the Huoyanshan Nature Reserve area in Sanyi Village, Miaoli County.
Satellite images and rainfall data from recent years were used for the regression analysis of rainfall
and debris fan area changes. The exponential smoothing method was used to predict future
changes of the debris fan area.

Keywords: debris flow, debris fan, regression analysis
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Investigation and Analysis of Causes and Triggered Mechanism of

Caoling No. 149 Expressway Progressive Landslide

You-Ru Lu! Chien-Yuan Chen 2

'Department of Civil and Water Resources Engineering, National Chiayi University

*Corresponding Author, Department of Civil and Water Resources Engineering, National Chiayi University

ABSTRACT

Mountain slopes are often subjected to natural external forces, such as gravity, rainfall, wind,
earthquakes, etc., resulting in rockfall, collapse, sliding and other block movements. In addition,
man-made overdevelopment is also one of the factors that cause slope disasters, so monitoring is
often used The fluctuation of the hillside land is used as a basis for judging whether it is stable or
not, so as to prevent the occurrence of slope disasters. With the advancement of science and
technology, in addition to the application of satellite imagery, Unmanned Aerial System (UAS) can
also be used. When monitoring large collapsed areas or investigating sudden disasters, a variety
of telemetry images can be used to analyze the collapsed area and use Geographic Information
System (GIS) to understand the cause of collapse and observe the distribution of collapse and
estimate the volume scale of sliding soil. In this study, GIS combined with the Digital Terrain Model
(DTM) obtained by remote measurement was used to analyze the exposed and changed positions
of the collapsed land surface to determine the continuous change of the surface after the collapse
of the Caoling progressive landslide. After comparison and analysis of UAS images and calculation
of vegetation index (NDVI), it can be seen that the collapse is affected by the erosion of the
Qingshui River towards the source. There are obvious erosion ditches and small-scale collapses on
the surface. With the accumulation of soft and collapsed layers at the foot of the slope and
presenting continuous damage, the analysis results can provide the basis for relevant units in

disaster prevention and collapse management in the future.

Keywords: GIS, Unmanned Aerial System, DTM, NDVI

13



2021 1 ARAFE L AP LA E

2021 Conference on Sustainable Development and Disaster Prevention in Civil Engineering

Ny

CAPEON TR A TR A R
P Foom E RN REAFTERLERAT
bfiEe %> 2&E%a 2 #2%a K
2500 Ff oA s B¢ AT F o FakgF
iFRBREES BRI ER TG R
B %~ o R ARG SR TR & 4f PRI R B
3 Pl e *ﬁfl’ﬁ‘—ﬂﬂfa&?‘;ozoogﬁit
PRk B SR  ) ’Hiﬁﬁ”e}i L 3% 2 R
%9 g R AT 500 ;« AEN R S-SR

3R T D 2 i S
vwm/ﬂ* o F]pt 7“131'] Lkgr gk éﬂ;;{

Ji/?:ﬁ-é?f‘ Ev’;"ii%’ﬂz *ﬂ‘i‘z’j"‘#ﬁa’fﬁtiﬁﬂ%f‘
%ﬁé%%%ﬁé%&%ﬁ%%’ﬁ*%ﬁ

ML 2 FLSAF R Y RS e hiEe o R
SF - S RN S22l SRS TR S G < & RS

XA AR o
=~ '\"/f%‘}"lé_ﬁ

# X 47 % ¥ (Unmanned Aerial System,
UAS) & fiL & A4 &4 % %L (Unmanned Aircraft
System, UAS) H_iT & ks 2 g g p o
EABEPLEUA) TR G ERE 3
RS FREE s T R IC o
PRI AR L ERNB AR F P
1917 & 0 PenZ BEH o p 8o &£ KUk
HEFFT AP HE DR E TR (1 T8 2
AT IR i R R I 5 R
?%L"&F' 'idifﬁ)’ i® Hiﬂ-'/fﬁ '1331, A f’fi\‘ P £
o FIL I E A ERT R ,u%g_\ o m IR 4 ik Bt
iR RS N 7 S O A E ) T
(%'T‘

@ IR
&
= 2 2015) °

B4 HERE(UAY) - T A ST R A
g '_"Ci' A, % S B X2 2010) 0 T E KR

ﬁ%ﬁ@*.éﬁ%ﬂgiﬁélﬁ%ﬁﬁw
dwHES TR B REE Rl
EE I A AME ?ﬁ_lﬂ"’\ﬁﬁ,zilxifv
BRI HBEFR G HFBHTHE TR e
PSRy PR E 0 Rk 2B
R R JL R A LR A AR
ez P GRE oy FE L Hgw
EERT L T A RFEREBEAITES

’

14

BAVRFIR(R &% 2015) °
B ATk SL(UAS)SE F AP B e
oo b4 ARFUNFEETRY - o

A B FHERY @I BiLhy
%o SRR ARB TR LHRET ok

2 AERLE)F R ER(
NS F R A F T
AR~ R U BURE R R R R
SR E) B F B FRALTARFE

R SOVEN ST SICHE T I T

-
FoRl) TR (A

P d s s AR RS R E) ¥ 1 i (E
fe = 0 2015 7 L IRE ~ F M 2006) °

# 3% (Landslide) % 4p f 8 L 5 R 1
MAZE A S E A TEr PR S L REASE
F iR EEE A Ed L L;g_;z?g«g
BEEASHBZEFR L mﬁé_;irm%*"
]u-%iiigﬁﬂ(l"iw,%’1985) 4 A
=N Qﬁﬁh*‘ )’z

~

2

‘ﬁ’f
"ﬂ«ﬁ

¥

o g
~=y
&
gy
L
o~
g

%sam
bl
;

=
S

m?:;m =

e el 3 IR %
1‘3—”’“”5 a‘ﬁ ”’iﬂ‘v B fFATE 10 2F
] BOBILIER & 10 K M
- -,;;éi M > AT B g AE
=< *R,fg_édﬂzm&; 4 FH *3,;&
‘Ff ke Ep u'ﬂ*’rﬂ”‘” 5
&41&11/\& ok asmir lwlémr)@
BATE Y A AR DAL 2 SN
74 R B
# & ¥ A5 $i 3] (Digital Terrain Model,
DTM),T‘LJ{” BE ) KA FER A
Brenz B & # o B4" 837 1957 £ 4 Roberts
#’t DR eFEME N EBPIE > LEPB R
B e BI3K 3 Bk 0 © 2 1958 £ ¢ Miller
f\-‘ Laflamme #- % "o i * *>#F R £ 0 %
Ao B 1 ARENT i B T AT 0 TR Kk
B8 A (DTM) PP & B E 3 ) HEE)
(DTM)””* AP B E TAp 3 5 DR A2

Eb°

o

& F A
&

v}a .

‘3; . S B

xR
AT

\F_ ‘_

T

{4

o

._\_.

N
NS

Pl fE B 3 A HCR A 5 g‘ilﬂ A2
(Digital Elevation Model, DEM) * ¥ ¢} #-3= 3-
Fg T ORI HITA A i iE e qﬁ%ii'l TN S

B A

-4 (Digital Surface Model, DSM)( %



2021 1 ARAFE L AP LA E

2021 Conference on Sustainable Development and Disaster Prevention in Civil Engineering

Frg ~ ¥1B E 0 2006) °

Beig b A JmP'}'Z\/ NI
U R (Grid) R IR H O RAI & ) T A

3 BARE T REeSHER R V- &

Rl 2l BV S <[ I PP(Tr1angular Irregular
Network, TIN) & 3% % 77 7 B T (E |- =
2015) °

§f — 1 E4% 45 #ic(Normalized Difference
Vegetation Index, NDVI) > * ¥ i i f£4t4p
B AP AT s RiLhied e B
¥ Lhy 2 3 E e 4 4p B (Modified
Simple Ratio, MSR) * # /& 4 #c (Brightness
Index, BRD* ¢ s #icie 47 % 7 7 ES5Wig 2

Pt X AR STER BT T Rk P Ak e g
¥ E B/j‘ FrBfrikBELn g EFER
%4 o

ﬂ&ﬁ%%d&ﬁ%%ﬁf%u
@<%bm%@ﬁ4#ﬂﬁa¢ Fﬁmm
Foaflmeh k2 gt Bejrz kg b
%1ﬁ&ﬂ@@ﬁ’&%ﬁﬁﬁﬂﬁiia
@%’#%{ﬁ?i%ﬂﬁ&%&ﬁﬁﬂﬁ
FAR Rplefas2 4 A4 o

NDVI=(NIR-RED)/(NIR+RED) (1)

NDVI g # AT bz *H i BL(NIR) S = 4 )
ERED) AR E - F 2 frie Bk 4
lﬁ;tlﬁl/\%-1~17 B 0 lj‘%\px&f‘éj‘p\y

e A RN A AR E o BN
2R REMRBE D

NDVI %3 34 B crs (v 3 5 5ep 5 v 4
H = ﬁﬂfﬁéﬁ;zﬁgw S BEAR A LR
mREGELER S H L BAERGEER
TrE s B & F I NDVIHHER B F R D
ﬁ@*ﬁﬁﬁﬁ‘ﬁﬁ&ﬂﬂﬁﬁﬁrffﬁﬁﬁ’

Tl et R L e
ISP RBPEE

3-1 ¥ AEB

A 1&%% Rk R A
g RIER R /”L/F KRR PFent B BEHEY L
N RTE L BN S
RS~ N Frdas > 18 o2 B
bR EER A F A RLHER

15

A s B A 5

ERE w2

R AT B 1 T o HB TR
95 3926 21 #7 2
;Z'?\:"i:fi_%."

149 7 i g

Bl1 A% %L RB@FEP Google Earth)

F T RBOENER S 650~1200 2 %0
PRY e A BT K2 8]
w e F H%&%@N:Qf ST G S
POERIT G ALISITUTR > 5 - T H v
THRA;D DB ATRTRE AL REMN
et e g Eepe 0 F 5 4of] 2o

Blo Ay REBEEH Z B 5;"%{ ?vév'ﬁl%]
(Fp P AL
PRGN L %‘M;ﬁmvﬁwf .y
Btg o 23 R/ BT NE LT >
%b®5ﬁ£%ﬂ4 3 AR XA S
CFPE AT FHRT R ST

R B FReVEHRPE
%ﬁ&&%“%ﬂ’ﬂ&W$ﬁbmé%#
éﬁ f#_uip/xgp___ %ﬁ'z%}%%&
¢$*%&“?W&&’#$%&p¢&ﬁ

~F A TR 2 p.;frf#lg 'g"}‘j#:gbg.l‘gﬁ
“‘:iﬂ‘a % TR MR F F|X B A \b%‘rf#wi



2021 1 ARAFE L AP LA E

2021 Conference on Sustainable Development and Disaster Prevention in Civil Engineering

P ECE SRNE SEUEEEEIR T
EF R TR R R R R
e I A B EOR (5 B 9R 0 2000) ©
3-2 53 'E' Euﬂlaﬂ’(

U S T iéﬁﬁi?'*&-
(COK240)1998~2007 & LR T4 » 2B &

BERETIOERNS 182 0 21 15
fi *% 13C 22C»# T 32% & £ ¥) 5 2900mm®
FEXFR A REFTEPE FEEY A
5~9 " B 2E NG 8ok HP g
» soomm L% B E K 0 & T A X i
¥ 130 X o

97 # 9 " 12 P FELEE KT A
P E 5 46.5mm > B 2oq PR R A
i 625.5mm>’ 3 # 1129.5mm’ I
g o1y PYOREBLR G RE A
A LW E Lo E g 280 ERRL
A RBOE AR L5 48mm i H 24 ) PF
Bt R Eid 5665mm R RR £
644mm > BEZR@F 24 RS AR EE
BAAA R LR AR o der B
BARARRE2ZERAL B X AT BB
253 RIS E L ¥ R LR
flEarg S s 3 pin o REEG
FEEBAA LT A (HE P 2017) ©

IEE R AR L F b TR
(COK240) 2016~2020 & & & F 1 » & L 325
F £ X5 2700mm > F EXAEAEERLE F &
PEJHEY 59" 0 9F 80N &
B9 YA R Gkt Hah g
Pox et i E TR E 665.4mm & B
E(Bl 3)c @ FEERE I 2020 #F 2 BP0
ﬁ“iﬂif?”ﬁ 1684mm °

s}

J—zr}ﬁﬂ

Nt
I' "

7L ‘F"f\q'w%/\%*#ﬂ‘ﬂ v —’L ‘:lPLﬂH ’/T/J
F o149 T Mg P A ﬂ78_&1€€5 v L2 Ry
BrREEPARE LR ER > THR

FRAiER2ZEESE > F gl B ) EP
hREE o KL SPREFR TR e X K] 88 & 921
AR AR TERERE AR gy &
9 ! FF EiEh fé’i%%‘ir?v”%i"ﬁﬁ%’
%ﬁ HBE T FUR 149 T AUE BE § el B
oz ina o 2P X 12 30k4250~ +750

16

% 33k+250~ +950 * B X 4 2B s00m ~ 2
220 7% 300m "B i ’ﬁﬁvﬁi%’d YU EA
2 ER g fE Luﬁ‘( %'E féc ’ 1999)

== 2017

1400

1200

FF 1000

4
(mm) 800
600

400

200

B3 g ERplakt L% A

He AR gy & g °
VR A B ERAG
Zﬂ_x@)kﬁx i £ X 76.5mm > 85 24
it A3 a £33 632.0mm 0 A AR
703.5mme ™ g B E R B~ A §
B 2q P PFEERE R R £ 294mm 0 A
ér’Frﬂ3095rnrn B BERE 5P AR EE
1144.5mme° P & g ¥ 12 P F B Eh K
BAPFRE L 465mm 2 o ) B
a2 F 625.5mme F iR
gl PPAESE S FF A REEA
‘fL LT E o E g 28 P ERRL
5391,_,1 48mm > i 4§ 24 /] P
B2l % g __,g

PR AR

ELI

+
2
£

£ 39 mm’
& i 1129.5mm

644mm ° &E‘.’\@@ 24
ARG E P F LR 0 Ao @%‘
BAFREZURAL B AAFTY RE
TE o B MG A 0 T2
HlEarg o da@id e uRHBG
i %

Begkin 2 %3 4ol (F 2 %k 0 2000) °
33 %1

FE

% L% 4

25k

EARELELpHET L2
SRS HS R H G (FTR > A R
W@%ipipﬁﬁﬁﬁé%%%@%ﬁ’

a7 A4 4 T e



2021 1 ARAFE L AP LA E

2021 Conference on Sustainable Development and Disaster Prevention in Civil Engineering

CEAES &
T B % 4 . % f3k 240
MR ‘ BRI | TmRaw
_ . ' f
DTM - 3 & 51
| e b ‘ DIMe 3t | | NDVIe 34 |
o4 b B
e
B] 4 /Fﬂi“ A% 58]
5 % % 7 4 ¥ DJI Phantom 4
Multispectral &~ HEAI AT HF P2 & (f 4 ¢
D) 2 A2 2 7 4 # - DJI Phantom 4

Multispectral #7 £ gl &
BAF R AT 0 SRR Y F R TR g
-4‘1_..%:\)1“"’%:_;%3:&% M ’I‘ﬁr’l”]:‘léfﬁ,lg\‘?"
[ %?i}?f’fa":@‘.ﬁ*"?ﬁ"%“ LRSS
NDVI » ¥ 9 g & P dp & % 328 IR B g
ELS N2 I ﬂ.,ti%*;t = N S
£d RGB AP 5 K@i (FX - Bk
ks ET e T fﬁ?"%kf%
MR RIE o P TEEE B ERAE 0 M
L i P R PF > T AR GE TR AT T
A #”ﬁiﬁi’ﬁt;'éﬁ?la% TRB T RRFEREER
Bedp AR B - R o

7R I 48 PixgDmapper ®d I L
PixgD = @ F g E - x> p P ¥ 3R
S A S ECIRE TAp RIT R o B Y

T SO R = e xﬁﬁiﬁ EE T
.f!g_E%‘]Tl/ Ej-;_%_ = B\.ﬁ:qll—r; 131 fVﬁm 3D
BAE R WAL E S W

Z A4 QGIS H- B FLF i Seh

SRS B R S SN
A R F R ILE L ¢ QGIS T R
ervﬁ A Hpa ;El_fr’?g\‘}f@? %, II}APié’;%'ﬁrﬂ{(fx\T‘

17

CHEE KT R E T uE R
.a.e,»fé“r”ﬁ AT LR FLE T e S
BATVEFUR - -REZRAFHITE
* Python BB E LR R F R Req &
i EAF¥TEF GPS meDTM % NDVI #
e o 3 * j¥_PixgDmapper *7 (¥ DTM %
NDVI Bl ° ¥~ QGIS & > #* fz;V -0 v ¥
MRS TR BEREL DRSBER 0@
N3 AE* QGIS £ Clip raster by mask layer
TaAple R AT e
i * J%_PixgDmapper *TH (T § H &
W DTM Bl &k il 47 2 1 dp Rl & A W 4 eh
DTM T2 4R > ivfap IV E #3b iz § 342
BIE S e FE P MM L - L HB R
FlEE 22 PIETUEFRL (Bl 5)e Bk
L N al W E - R B
Pix4Dmapper ¥ > S% R 2 342> 7% F
WEH R > WiEd e DIM ©

Bls A5 Fardlaiy
#3t

e~ 25

AFFEYT LR PSR A S
%5 % 8:30~11:00’ 4 #HEB R 5 80 &
BoRAFHEPOFEEAHE AL

2
=

iy 149 TREHE R 2HhF %G
¥ PixgDmapper H#-B] * B & A2 kL g2
Frg ssa ez @iv DTM L&A 47

¥ o

4-1 TP+ *
Zi R EAEIE 2020 F 6 ' 3 2020 F 11
Pt R mi%ié%ﬁ%,ﬁﬂ

)2
g
Pix4Dmapper A2 2 #5355 2 & @ = (F 6



2021 1 ARAFE L AP LA E

2021 Conference on Sustainable Development and Disaster Prevention in Civil Engineering

7) e FIRBH E ORI HE G it
EpE=R e N S S AR r;;%h@rﬁuf,;,ﬂ

Blie = 5118 0 G 8 7 4 g B2k 4
-ﬁ’i/ﬂf a ﬁ@ 6 % 7#5_3 %% 31”} 5|/d"éé;/i

A FHE e TN RBENAGES ] F -

AL R E ARG BET o BUE
TERR IS TP il ~ F k%

'/F FoRGED Ged KT mo M R g
pnal %/”ﬂgﬁ“”
J\/é. o

AL AL E AR N Y

4-2 gy H3 (DTM)
ipiéﬁi%ﬁ4ﬁ5§§%%%¥

A8l R e DTM(B 9~10) 0 o *TiEB-p & @ =

BAIH GSD # - =& AR = o 0 FpF p 3T

» 4P e B iE 2 GSD =~ /| 3 L& 7.5cm/pixel”’

M FREA R ORIEAS o

100 200m

i A % DTM(2020/06/30 4 #) (& i

N

A

100 200m

B 10 7 4p 2 B DTM(2020/11/24 3 #%)(H = :

A

4-3 BREHA » L 7
" DTM ** QGIS R AR

dHARRT NERFY R EL T
d v iry 3= %&iiugzbb‘f 609614 b o p ek
L RIELE P @ & RIR]E YT PEE MR
%°§WﬂvM{f1ﬁ&@€%ﬁﬁ$o
1 P VAR Reh- T mp ik B
T By e @»iipigﬁm% LV
E]J“f:\"ﬁ“"f crad ptiEETH R 5O R
o VAT R}

3

&~



2021 1 AfEARFE I AR L E

2021 Conference on Sustainable Development and Disaster Prevention in Civil Engineering

o1 B PEHH R KT A

2020/06/30 AR 2020/11/24

3.6% — &R 4.0%

10.1% AR 9.6%

13.9% =R 13.9%

8.7% PO&R 3 9.5%

11.8% TFLER I 13.4%

23.8% FNER IR 27.6%

28.0% TER I 22.0%
2 AP HE e AL

2020/06/30 4| 2020/11/24

9.7% Bl 8.2%

5.8% Fdk 4.6%

5.1% H 3.8%

6.8% H 5.1%

11.8% 5] 10.2%

20.0% [i]ez] 22.3%

23.6% [ 28.8%

17.2% [liEp ] 17.0%
4-4 ¥ 353w B £ 45

ﬂkﬁﬂi?v 'Q{A/F Kixzsen #

R ERPE LG 0 S LIFE
B HMAR o R E BRI AT
M R T RE G FKACE 11 AT
oo AW EZBFEREI S B BEY RS
B 55~ B3a 3 B 4ol 12~ F
13 #T71 °

Bl AL EINe ¥ R
e A d Bl 12(a)7 T 600 % B4
BALLJ b % i # £ 7] 800 % <

TERELE % B d Bli2(b)7 i

315

19

400 2 ¢ BARRALL T R 'i‘i‘?'ﬁ‘ SR
#lo Co d Bl12()7 #rik go0 2 B4R AL
bt A E - E A
. S
1100
- 630 DTM#| i@
—— 11/29DTM3 &
1000 -
% 900
E
(m) 800
700 4 \
(a)
600 T T v ' :
. 200 . 800 800 1000
7K - 2B & (m)
1000
6/30 DTM#{ &
o 7\\’\ — 11/24DTM#{ &
900 - L
S
I'%:J 850 A
#2 o
(m)
750 4
700 4
(b)
650 L— T T ' " ; i
0 10 200 300 400 500 600 700
7K - 3B Hf(m)
1200
6/30 DTM#] &
—_— 11/24DTM#{ &
1100 + \
. 1000 \
=]
i \\
m) ] k'\\
800
700 X
(c)
600 T ™ T T .
. 200 400 500 800 1000
A F ¥B H(m)
Bl12 #3355 25 245 ()A 215 (b)B 2

' (©C 3o



2021 1 ARAFE L AP LA E

2021 Conference on Sustainable Development and Disaster Prevention in Civil Engineering

e 10 d Bl 1z3@F A F A ER
4%@,1&% rgA\,ﬂ’Prgﬁ_r_i,{ﬂﬁ—%‘ :l‘ DLV
e 20 d Bl 13(b)¥ 3 120 % B4 R
RenF AL 0 E 08 170 2 R}
T E M K3k} "‘-ﬁ%’?é‘gﬂ Foengit 53
¥ AR B A FEHAS “ﬁ% 2t E 01 40 2
% & 6/30 G 7 K A B A o

1100

6/30 DTM$i &
\ — 11/2ADTM${ &
1000 "\
\.‘L\
lf:l 900 “L\V\‘q‘
F2 : ~G
(m) s -*\K
700 - N
(a)
600 T T T T T
0 200 400 600 800 1000
7K - 9B & (m)
1000
wl A =
™
.
900 4 "\
o ‘ \
i 8501 \\
iz i
(m) *] \\\\f
750 \
700 4
(b)
650 T T T T T T T
0 100 200 300 400 500 600 700
7K - 3B & (m)
1200
6/30 DTM${ &
- 11/24DTM${ &

1100
- 1000
1)
£ i . 3
(m) -

8m< *:..

700 4

(c)
600 T T T T T
0 200 400 600 800 1000
7K - 3B & (m)
@13 3% 3 * %'J‘J’/”\’H(a)l 3w »(b)2 2
B ()3 70

20

B imiF 4620 6 BT ot b pEEL s A

iﬁ;\ *

PR ek ALY o e AT %»;,gﬁ R

jﬁ]’.f% endg g o T A ETNE BT g B
i e Z BRIG PEFPERES LT T 0 J
@gAmm@gﬂﬁ%ﬁTEﬂ%@F%k
Koo pteb G g3 R EIR AT RS g h
AT LR T et PR S

4-5 €2 4p 1% NDVI %

AT E SRR R EL AT

AL R T A A T
51 8:30~11:00 * * F o W PP iF dp
80 R BAEAFT Y HE B EHES P
*%%&%$EF%$§ﬂﬁaﬁfﬂﬂﬁ
@hﬁﬂ@ly d Bl ¥ ¥ v NDVI fif 880K
S PR AR o

By ok R B E WA
W% H =2 NDVI° d Bl? ¥ 5= NDVI B4 5

P R s R T 'JFT IR = QR
?f*"#ﬁr‘;—ﬁ KA g - B P o gEJ ERE
W T'LJL‘*’,TF?*?;\&% ¥ ©

Bl 14 %
)

4-6 3%y TRIB LT

d 74p 1A W DTM
B g AR, HY ¥
RET PEEy > @ fufrlﬁﬁ‘é«
Frajo gt b 3 IS RESF 2
Jlﬁé‘r

= b 3

P

% 2R E F NDVI (2020/11/24

i+_

GOEM A AL E TR A
i 4 4p 3] > & ** pPixgDmapper % 1T
IﬁMmuk—m?&m&ﬁ%péﬁﬁﬁﬁ
i£-3iEm & DTM & ﬁiyﬁ'&‘\ ZFF R A X

s
e HE
N



2021 1 ARAFE L AP LA E

2021 Conference on Sustainable Development and Disaster Prevention in Civil Engineering

%%%*?%iﬂo

Bk d TRk Bl ok kB R
(B 152 & ’ér_i‘* F P 41k 2. 20m DTM 48
BT 5 % (B16) 54 173 2018 & ¥ 2016
EPR SR G R A A S
AR SR QRN S (P 2 L
PR SRk BRI S MR R
Fom2 AR e RlBET #BER
AR o TN T Py AR 0 TG
Kk R A g A

N
P

AN

Bk

I =

g] 15 h’i‘l’% ‘!’p IH{IL

“ B

o 100 200 m

Bl 16 2018 # & 2016 # 12 DTM(H i+ :

A
~ BB Eik
5-1 %
AETET S AFREAT IR H
W ) gﬁvi%%@?uW@%ﬁ

:).»h,gzt £y ‘g‘:
Miseni B
(DTM) > ¥ 4 %5'

& S %J
%xh’l‘fﬁ

21

FliZfad 4 2 LR EFGF FHEARIA R
BRAAT AL B Rt AR LIRS
LA B ARIEHFRS 7 F REF T B
}\/i‘—r /,’_%,_‘F;),}; PEFERLCPREFL &

A S RERAA B ER G T

BE(NDVDR > ¥ § DAk G E 12 BB T
%B%%%%p%%%ipi%%ﬁ%
Nmnﬁﬁﬁﬁﬁﬁﬁ’@mﬂﬁmgwf$
Joere 4 B ] KR ) g e v Ak
FORRE T A B[R Y R
PRAR B2, 248 o BT kU P Rt s R
Z 20mDTM A+ 1T & #IBF i+ 3% ¥ 8
k27 dp B ot Rl g S B A B 2 R R
Tt e gd v ik I E SN A
R AR T T RN P o L
PEF e READEFIRNT E BRI RS o
“¢*%®¢%ﬁi&%%’éimﬁ*$

é ¥ J‘[""F

WOPRERLE > ENFPFREIFT
a‘%‘d BT A WD NDVI § v e

I FE o

242 R

1. fod (2015) P RIS  SBLE
B RN E 0 2015
FENIXG G A ERE ML

UAV FH g (7
> i

Taiwan Rock

Rt E A RERE

PR AL 88 K
e S
Engineering Symposium’2010° ’2010°
FRUE ErEAPLEFEAN LY
At A FEe NEF 1 A1

e sy

W e 2o

N
E R m* m\uau m

A

o

g il 0 20150
4. FEE S~ ZMO O A HPFRRRE

B o1 %0 7% 281 ¥ 0 2006°
5. PHEGFCFARTE T s BE ER
3 2T 1989

6. HEHFIFE fFH
WAk 0 2006 °

7. AN AR TR B TEAEE

& # :

http://www.moeacgs.gov.tw/main.jsp

LA 3 s

ST L - Sl

%

oo b -149



2021 1 ARAFE L AP LA E

2021 Conference on Sustainable Development and Disaster Prevention in Civil Engineering

10.

32K+250 ~ 750 ~ 750 % 33K+250 ~
33K+950 ¢ Z 4R i fed o] pl £
PEFEAZ R ERLAEEL L 20000
TP B BTN L SIFHE 149
F T SR NI Y
HENFIAELRTRIEE L 20170

ALY R F ESLR L-ygg TR
32K+250 ~ 750 ~ 750 % 33K+250 ~
33K+950 ¢ T4 i1 A2 E[4F 2 2 1999°

22



2021 1 ARAFE L AP LA E

2021 Conference on Sustainable Development and Disaster Prevention in Civil Engineering

PRERFREFRIVEFREDE 7]

Fho< P21 ;*L,)‘fy"‘v}"_\ 2

1[;;] A@,F,L;;i 5347}\1,55}2_;5:17*4
PRz R AP HE AT A R

% &

ERFEARG LY M RAR R G BER L FEER . FIER R
e 2% 1 4F AR o

AL BRI HLFZPPEE T AY X T T Bl FEE L 0 2
H30#E~50 ENEEEAY 0 A A ® g %“ﬁﬁ("'ﬁra»iibt’ r g R RSB RE T DAH R
8.ym iF > M ALA T AR 0 2 I Fom - E /T socm > B EE 1m 2 :‘ﬁ“%?“ﬁ“%ﬁ ’ Ft’iﬂ”?9m‘
Tosocm 2R BRAERRZIE CHARPN 2/3 R EPFPALOFABRRL N > K £
ik fim«ﬁ%ﬁvﬂ Bl Bk B A RBOE R F G 1.37mm/sec 0 if KT B DR IR 4mm/sec 7

|25 M~ Bl X B TE o

B Rl b 4 &$ﬁ%ﬁ§®*ﬂ’ﬁé@ﬁﬂﬁ”ﬁwﬁﬂ%%%’W$%%
6.15~7.15 B R FREHA L €408 > L2 v (Zw)RE AL > RIEESR A 6.05~7.15 BREIFA
H%ié%%*&%i%%@%%ﬁa“ﬁﬁﬂa’ AR PR A ER R RE RS R
RAVETR R

Seed ¥ Idress(1983 ~ 1985)+# 3% 3+ &k it ¥ » By £ R IR g enT 356 # rms(mm/s)
(Root Mean Square) 7 0.65(100%) » A F P PR E A £+ LK fRLE ;‘}éi %EL g P D
rms(mm/s) = /£ % (X v )5 0.14(21.53%) ~ > % (Y # )5 0.07(10.76%) ~ =& » (Z =) &
0.03(4.61%) > N EAPFBERL A B BHRY RREERRI O T F F’“%”i;)é‘«fﬁvi% L 4F o
AR PR B R E S scm~50cm ~ # T 0 dn 1 RQD=74%~86% » 227 BF
Frigpdr > T30 7 oonH PR R L 185.28) 0 FHIBSEHE F L 48.97%~67.27% 0 AT
CHY E S socm R BRIV E R BEERTVIERERA o

)‘1

23



2021 1 ARAFE L AP LA E

2021 Conference on Sustainable Development and Disaster Prevention in Civil Engineering

Applied Study of Damping Hole and Damping Ditch in Deep

Excavation of Coral Reef

Cheng Wen-Ming' Mau-Song Sheen?

! Department of Civil Engineering, National Kaohsiung University of Science and Technology

2 Corresponding Author, Department of Civil Engineering, National Kaohsiung University of Science and Technology

ABSTRACT

In the deep excavation of the building, if the construction site of the soil retaining wall is
located on hard foundation. The vibration of excavation work often causes ground vibration and
liquefaction damaged adjacent building.

This research is located at the foundation of the dip-slope of the coral reef in Gushan District,
Kaohsiung City, which is close to Gushan Cave and Shoushan Cave, the third-class historic sites,
and there are many old buildings around 30-50 years old. We cannot use continuous wall
(downward slope and rock-entry shock vibration) and foundation excavation 8.7m deep under
vibration. The construction method of using tungsten steel threaded piles to retain the soil, using
damping holes with a depth of gm, a diameter of 50cm, and a spacing of 1m, and a gm deep, 50cm
wide seismic ditch for seismic isolation, two-thirds of the area is coral reef rock. The foundation
is crushed and excavated. According to the vibration measurement of the surface velocity, the
maximum surface vibration speed was only 1.37mm/sec, which was far lower than the allowable
vibration of the historic site, 4mm/sec. The coral reef rock excavation was successfully completed
without damage to neighbors.

Measure the maximum surface vibration velocity transmission. The elevation of the H wave

peak will occur at 6.15~7.15 times the excavation depth from the base in the X direction and the Y
direction, 6.05~7.15 times in the Z direction. The elevation of this wave peak is the maximum
ground vibration of adjacent buildings, which can be regarded as the damping characteristics of
the coral reef limestone site using damping hole and damping ditch.
Seed and Idress (1983 * 1985) evaluated ground liquefaction, the average area rms (mm/s) (Root
Mean Square) of the vibration amplitude of the ground surface is 0.65 (100%). The rms (mm/s)
measured by the damping hole and damping ditch of the coral reef limestone site in this study is
0.14 (21.53%) in the radial direction (X direction), 0.07 (10.76%) in the tangent line (Y direction),
and vertical The direction (Z direction) is 0.03 (4.61%), which means that the basement
excavation with damping ditches and damping holes on the coral reef limestone site has a good
vibration damping effect.

The diameter of the cemented coral reef rocks varies from s5cm to 5ocm. Rock Quality
Designation (RQD) of the specimen varies from 74% to 86%, which is not a complete rock mass.
The average uniaxial compressive strength of the rock is 185.2 kg/cm2. The results of the Los
Angeles abrasion test are 48.97%~67.27%.

Conclusion In this study, the damping hole and damping ditch with a diameter of 50cm has
an excellent effect on seismic isolation and energy dissipation.
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An Experimental and Theoretical Study on Application of

Electromagnetic Dampers for Near-fault Seismic Isolation Systems
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ABSTRACT

With a long-period velocity pulse component, a near-fault earthquake may induce exceeded
base displacement and structural acceleration to a base-isolated structure. Traditional viscous
dampers are usually being used to mitigate the excessive responses of an isolated system. However,
the requirements of the design specification and production accuracy for a large stroke damper
are much higher than a typical viscous damper. To meet the requirements of long stroke and high
damping ratio of isolation systems in near-fault region. This study aims to develop an
electromagnetic seismic isolation system (EMSIS). By using rack and pinion mechanism, the
rotational electromagnetic (EM) damper is without the limitation of stroke. The mathematic
model and theoretical formulas of the EMSIS was established firstly, a prototype EMSIS was then
manufactured and tested by a shaking table. The equivalent EM damping ratio of the EMSIS was
calibrated based on a series of sine sweep tests. The test results demonstrated that each EM
damper is able to provide a damping force proportional to the relative velocity of its two ends.
Therefore, a EM damper behaves like a linear viscous damper, which is suitable for seismic
isolation systems. Finally, both near-fault and far-field earthquakes were imposed on the EMSIS.
The theoretical results are well agreed with the experimental results. The shaking table test results
also reveal the EMSIS can effectively mitigate the base displacement and structural acceleration
under near-fault earthquakes.

Keywords: electromagnetic damper, seismic isolation, near-fault earthquakes, shaking table tes
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Theoretical Study on Application of Piezo-electric Attachment to
Buckling Deflection Monitoring of Elastic Columns

Li-Jeng Huang ' Yuan-Shin Liang > Jun-Hao Kuo ?

Corresponding Author, Professor, Department of Civil Engineering, National Kaohsiung University of Science and Technology

2 Master Student, Department of Civil Engineering, National Kaohsiung University of Science and Technology

ABSTRACT

In this paper, we analyzed a structural health monitoring (SHM) technique using piezo-
electric attachment on elastic columns to detect their buckling modes. Theoretical formulation
and analysis procedures are first developed using simply-supported column. Case study
considered are different support conditions, such as S-S, C-F, C-S, and C-C, .using 9 PZT
piezoelectric attachments are employed. Result show that columns embedded with PZT
piezoelectric attachments can depict voltage outputs, maximal strains, maximal stresses,
moments and lateral deflections at desired points of attachments. And thus buckling deflection of
the columns can be estimated from the output voltages of PZT piezoelectric attachments and offer
the warning if it is satisfies buckling modes. Results show that (1) all the estimated lateral
deflections fit well to the theoretical buckling modes for all support conditions, and the errors are
smaller for lower modes, (2) output voltages of piezoelectric sensor are very small (within 50 V)
and safe, (3) application of piezoelectric attachments to SHM is feasible.

Keywords: structure health monitoring, piezoelectric materials, elastic columns, theoretical

analysis
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ABSTRACT

In this paper, we analyzed a structural health monitoring (SHM) technique using PZT piezo-
electric attachments on elastic columns to detect their buckling modes. Finite element
formulations and analysis procedures are first developed for elastic column without and with
piezoelectric attachments (EB4 and EBP6). Case studies including different support conditions,
such as S-S, C-F, C-S, and C-C, .using 9 PZT piezoelectric attachments are conducted. Result show
that columns embedded with PZT piezoelectric attachments can depict voltage outputs, maximal
strains, maximal stresses, moments and lateral deflections at desired points of attachments and
then estimated buckling modes can be predicted. The estimated buckling modes from piezoelectric
columns are close to those without piezoelectric attachments. Results also show that the Young’s
modulus of piezo-electric attachments cannot be too high, output voltages of piezoelectric sensor
are very small and safe, and application of piezoelectric attachments to SHM is feasible.
Keywords: Structure health monitoring, piezoelectric materials, elastic columns, finite element
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Convergence Study of 1D FEM buckling mades of columns (SS)
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Study on Application Mode of Inert Damping Retaining Wall System
by ETABS Program

Mau-Song Sheen * Chih-Cheng Chang?

! National Kaohsiung University of Science and Technology Department of Civil Engineering
2National Kaohsiung University of Science and Technology Department of Civil Engineering

3National Kaohsiung University of Science and Technology Department of Civil Engineering

ABSTRACT

This study uses the ETABS program to simulate "the use of non-cohesive pebbles attached to
the side of the cantilevered retaining wall to form an inert shock-absorbing retaining wall. The
inert force generated during the earthquake offsets the behavior of the lateral seismic force."
Cooperate with the strain measured by the 1:20 acrylic model in the six-axis shaking table model
test, and perform ETABS program dynamic analysis simulation. The HOOK energy dissipation
element is added to the simulation to simulate the force behavior of the reduced acrylic model,
and further restore the 1:1 size displacement, in order to explore the analysis and simulation
method of the inert retaining wall in the ETABS program in the future. In the 1:20 simulation, the
displacement value of the acrylic model monitored on the shaking table is about one million times
different from the structural displacement simulated by the ETABS program, but the force is
similar. This research carried out 16 In the second HOOK simulation, there are similar situations
in the transition and slope of the trend line of strain and displacement. The result of this attempt
was enlarged back to a 1:1 model to simulate an inert shock-absorbing concrete retaining wall,
and its displacement was analyzed to facilitate future design and use. The result of this attempt
was enlarged back to a 1:1 model to simulate an inert shock-absorbing concrete retaining wall,
and its displacement was analyzed to facilitate future design and use. In this research, using the
principles of mechanics, the scale effect of the 1:20 acrylic model is calculated, the displacement
is calculated, and the results simulated by the ETABS program are compared and verified. The size
effect of the concrete 1:1 retaining wall is added to the ETAB S program analysis, and the results
of the model test and the ETABS program analysis are obtained. The force behavior results of the
two are very similar, indicating that the force behavior simulated by the ETAB S program in this
study is quite reliable. , But this new concept method of inert shock absorption still has many
mechanical properties involved. It is recommended to multiply the safety factor for easy use.

Keywords: inert damping wall, hook energy dissipation attribute method, size effect
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The Compressibility and Permeability of Kaolinite Clay
You-Zhen Wang * Huai-Houh Hsu 2

1 Master Student, Department of Construction Engineering, National Kaohsiung University of Science and Technology

2 Associate Professor, Department of Construction Engineering, National Kaohsiung University of Science and Technology

ABSTRACT

Soil consolidation behavior has always been an important subject in geotechnical engineering.
This study uses kaolinite clay to discuss soil consolidation behavior and permeability
characteristics. This study uses kaolinite clay to carry out a series of one-dimensional
consolidation tests to explore the compression and permeability characteristics of the soil.
Measure the change of soil settlement under different pressure conditions, and compare the
coefficient of consolidation (cv) and permeability coefficient (k) of each stage loading to explore
the changes of soil parameters under different surcharge. After that, use different analysis
methods to calculate the cv values and compare the difference of its values derived from different
approach method. Results show that when the effective stress increases, the cv value increases,
and the k value decreases; Taylor’s square-root-of-time method finds the smallest cv value, and
the early stage log-t method obtains the largest cv. It can be seen that the early stage log-t method
to estimate the cv value will be more conservative in the estimation of the necessary elapsed time
of soil settlement.

Keywords: compressibility, permeability, kaolinite clay
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H ¢

my: ¥ & B &5 0% ¥ (coefficient of volume
compressibility) °

Cc:/R 454p #c(compression index, Co) # e ¥ log
o' MY EFRBEA DRSS

Cs: ¥ "k 4p #c(recompression index, Cs) » e ¥t
logo "d P fRRE A T - Bk C b
C. E11/5~1/10 2 & (Das, 2017) °

Terzaghi and Peck(1967)#4& ' d % |2 I R
(liquid limit, LL) “f4& & 2 /& 545 #e(Co) » A4
Fo Ak 2 4ot ()97 0 £ HAES Aot (3)9T T o

C.=0.009(LL-10) (2)

(3)
Rendon-Herrero( 1983)# 1 /& 454p #c Cc

g1t £ (specific gravity, Gs) fr#” 43¢ Fg vt
(initial void ratio, eo) 5B % 3% 458 (4) ©

Cc=0.007(LL-10)

Cc = 0.141Gs1? (2238 )

Nagaraj and Murty (1985)#& &1 7 d /&%
LR (LL)E " £(G) @ F & REFHE(CHE

IR dp Be(C) 2 M TR 5N Aeat (5)
C.=0.2343 [ 2Gs  (5)
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