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Geomorphic Evolution of The Dong-Ao Peak Landslide,
North Eastern Taiwan

Ching-Fang Lee™”  Hsien-Ter Chou'? Lung-Wei Wei 1 wei-Kai Huangm
Shu-Yeong Chi ™ Su-Chin Chen®®!  Wen-Chao Huang"”

ABSTRACT Typhoon Megi coupled with the northeastern monsoon induced an extreme rainfall of 939 mm on
the Suao area, Yilan County, in eastern Taiwan on October 21st, 2010, causing the Dong-Ao Peak landslide of 2.1
million m® along the coastal Su-Hua Section of Highway Route 9. This study adopts a geological survey, rainfall data,
satellite images, orthophotos, and high-resolution DEM based on airborne laser scanner surveys to quantify the mor-
phological changes before and after landslide events following major rainfall events since 2010. Rainfall frequency
analysis indicates the cumulative precipitation triggering landslide events is greater than the 200-year return period.
In addition, both the entrainment effect of debris flow and toe erosion on the down-slope is shown to induce regres-
sive sliding failure at the adjacent roadbed. The results suggest that geological factors such as head-cutting erosion
and the concave landform shape the landform evolution of the catchment. The occurrence of landslides also depends
on antecedent earthquake events and extreme intense rainfalls.

Key Words : Dong-Ao Peak, large-scale landslide, debris flow, remote sensing interpretation, shear zone.
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Fig.1 The location(115.9K of Route 9) and geological
settings in the Don-Ao peak landslide area
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Fig.2 Comparison of remote sensing interpretation at the Don-Ao Peak landslide area between 2004- 2013(FS-2, SPOT 5)



K - (R -+ 45(3), 2014 177

B (B BLE R - 5553 116.1K TR HRRETF BLERS o
Br (B 2(d) - FRRACCERE LR 2 S afoh s - 2
2011 £ 7 A - BURSH N TWEIRIE GBS R
PefriEseE (8 2(d), (o), (DB K& C bl - HIEf &L
YA RE-ERAE A2 EEARUTRIFTE - 115.9K
TEY R ENF AT B E (B 2(e)D, E, 1 B2 T jig) > 53R
LB 2R R SoKE Bt in ROBMTHIEE S 5 R - 2011
RS RE LY NEFR P SR REEANT ST R HURS M &
HYEE R ARSI R D BRI ORI (& 2(DB B2 C Rk
{70 > AR FR SRt A R SR TR B R s - 2012
RS 512 ZEPR KR UG R\(R » RTTR_ B/ ARt FOM]
JRIEAR (8 2(g)B i FALHI)  RISER AR A 2 8408 T Y))
TE RN ST 22 5 E AR - 2 2012 48 12 F Ay H 525
S8 115 8K NEBIUIIT RYURRE % E R ESTE (2012 4 10
H 24 H)) > EEECEHETRZE—EH 2 - Bk 2013 40T
eIl JE B K G U2 R SR A0S At T B R
e (2 11 7 11 B EASRARR AR5 e B R IR = g ik
[EEb AR A (8 2(h) - ZEIE 9 &R 116.4K K 116.8K
R B 2 DR > 115.9K RHURHELZ R
TR ZE AT B (8 2(h) F5E) - Bt L
BGPTSR I 25 e 2 Bl 5 14 2 R S B R RS P
TR AIER 2 Fom - FE@ IR IR A - BRORSE T T
RAHEREL R (lobe-shaped source area) [EESE SEZE i R AR
JEEBET 30 m > FAREE (main scarp) {/5HF4H[E _ERFR AR -
FyBEIEAE LD T A

2. B PEMEBH R A B S

PRIZEE 52 K B LCFRGAIUREE FIBY Z TR AR DK
TR 2009 FEEEEHEE - AR RS Ry B M FR M A B SRR
BRERME (R E AR > 2010 1 LR 2010 ¢ Mg
BRZE » 2013 5 EEEBHSE - 2013) » AWIFEEEE T H 2009-2013
RGP IR R AR 2 BRI R - 413 3 fion - B& T
Ge B B SR S S B 2 PR A AR B B S R
FREAE 3 AR © AR RN (51

R =Y &R, )

A @=0.7> Ry Ryl ZI 2 A 0-24 hr Z RRAFHE > R, Ryl
ZIZ Fi1 25-48 hr Z ZREN & - g5 VBRI LA 6h PNEEHI B <4 mm
FoPRIZ4EH0RE » S B Z B S - 2012 FFERHTREE £y
HPEERE ((CEMRFSID) PSR K E T [ KE - f
LR ER S RO SRR 2010 £ 10 H 19 HE 10 A
21 HEHAMA BFEMR 22 939 mm > EH 121.0 mm/hr (10 A 21 H
13:00-14:00) - =5l PSR 5T T SR HUBRE SR R ACH: - &€
B EASH] > SRS BRI 12:30-13:30(2010/10/21) -
PRAEZRASHE, (2011 4 10 A 2 H) $ERBEGEAR » H
B AL RIS [ 2 527 - BRI R 2 645.5 mm >
BORFERGRAE 2 78.5 mm/hr - 2012 4 5 F 12 HIRHERIZRZ 5]
FREAE 28 RSN (RIS R - HLE SRR OB
BTG Z P& F 428.5 mm > [F#PR5RIE f 32.5 mm/hr - [FI4EER

fUeR (20124F8 H 2 H) NG FEl S50 FMH T 2 36
G2 HAS AR By Sl AR A B e AR IS s 3 £
Wb S B R SEHR > FOR SR AR IRt P S A T R
KE > KEFREZZRPHERE 786 mm KENIEE S 80.0
mmv/hr - fEFRILFRE (2013 542 11 H 11 H) Z2CEKRENIRE
#EfEF 10 mm/hr HHS RN E (315.0 mm) FEREGR
ARSI S T E S A GRAERFE Ry 11:00 ¢ 3RMES
L) -

3. BEFRZKX A

Ry 1 HE— 2 R A VU5 =l B W [ R SR (intensi-
ty) ~ AR (duration) BAERE (frequency) —FTHIRH % - AHT5E
PRAI =28 Horner A3 (I=4/(t+B)" © 4, B, n & yH %) ik
FEP-ERF SRR AR (I-D-F curve) ¥ 2009-2013 e}
H#EFTERET » (A Horner AFUAITERI Y GEAE AT/ NERUR
ot & - HATRAS ~ FoKedst By StERERERE
RPET T 3T - SO B8 Fyfe & M 2 PR 5 23K - &0
WFFE RIS = AR G - (EERRYE (BE5E © 467060 © 1981~42
%) AR (20 £F) RLERER > RILEE AR AL &
(CHER I-D-F ihdR (BEFGEHSE - 2003 1 2580 2010) - 40[E
4 Fom - ERTFEIE IR 40 s Bl gk Ry B i . I-D-F
HTAREEREE SESRBURE 2011 FRRAREE 2012 SRERFIIER 2 LA
IFfZERRAE (60 min) BE(EY 200 FEEIHIIEZ FERRE - H
HRIERF [ S B AR Y 200 FFARE - ZERIT AR HL
UM E R RERIR I R s elE LD K 2 B R
+ o

F 2 TR R S b AR R
Table 2 The area variation of landslide and alluvial fan
at Don-Ao Peak

- EEEREE % R % RS (%
BT (2009) (2010) " o1
AR R () 5,638 89,5741 119,449
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Table 3 Typhoon scenarios for landslide events at

Dong-Ao Peak from 2009-2012
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(a) Typhoon Parma(2009) - Donao station
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(c) Typhoon Nalgae(2011) - Don-Ao Peak station
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(e) Typhoon Saola(2012) - Don-Ao Peak station
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(f) Rainfall event (2013/11/11) - Don-Ao Peak station
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Fig.3 Hourly intensity and effective cumulative precip-

itation for (a) typhoon Parma (2009), (b) typhoon
Megi (2010), (c) typhoon Nalgae (2011), (d) 0512
rainfall event (2012), (e) typhoon Saola (2012), and
(f) 1111 rainfall event (2013)
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Fig.4 Comparison of I-D-F curve and historical rainfall
record in Suao rainfall station
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catchment watershed (a) the diagram of I-R critical
rainfall line with mean rainfall intensity versus
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*ZBelE 1% (photos : Directorate General of Highways,
M.O.T.C.)
Fig.6 The Dakeng bridge at 115.9K of Route 9 was
blocked up with debris flow after (a) typhoon Megi
and (b) typhoon Nalage
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Fig.7 Onsite survey in the Don-Ao Peak landslide
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BEEE I 2 &5 - MR sASEEl (2011 £ 10 H 11 H »
9) RIAGEEEFTELE (2012 4F 12 A 14 H) HF 115.7-115.9K

B 10 TOREEREIGT S IR B

BE SHIoMEET =Y EPRES 2B (date: 2012/5/24)
Fig.8 An examples of rock mass creeping. The site is
indicated in Fig.7

BO 5 9 115.8K RS 2T (date: 2011/10/27)

Fig.9 Vertical crack along the roadway at 115.8K of
Route 9

Fig.10 the schematic sketch of geological structure at the downstream of the Dong-Ao peak landslide
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Fig.11 (a) attitude of discontinuities; (b) stereographic
projection of discontinuities; (c) discontinuities
density in the study area

- L e
() AGUZ MEMCEE TR (o) TENEFTIEGY (BEL)
B12 AHET HSHAYTL Y B (date: 2013/05/08)
Fig.12 The spatial distribution map of shear zone at
downstream of the Dong-Ao peak landslide
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Table 5 The characteristics of fault gouge on 115.9K of

Route 9
SR 1 2 3

JKEW..(2) 0.66 0.60 0.71
HZ - EW(g) 543 497 6.71
K& (%) 12.15 12.07 10.58
TEMHRELL 23.50

YEVERSHPT 11.90
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Fig.13 Surface profile of the main landslide and the
corresponding three dimensional landform in
2004, 2011, and 2013; inset shows the travel
path from the source area to the alluvial fan
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