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Fig. 1 Distribution of deep-seated landslides and
cumulative rainfall from 31 August to 5 September,
2011.
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Fig. 2 Hourly rainfall intensity and cumulative rainfall

and the occurrence of deep-seated catastrophic landslides.

Dots on the cumulative rainfall lines indicate the

occurrence of the landslides.
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Table 1 A list of landslides induced by typhoon 1112

1 2 3 4 5 I

6 [ 7 8 9 10 i 12 13 14
) Ui ) —_
Landslide Akatani Akatani-E (Ooto- Nagatono Tsubonouchi Kitamata Uguhara N'zh,':’”' Iya Nojiri Kuridaira | Fudono
Shimizu) A 5 S ridge
[Landslide area (m?) 423,700 221,400 | 132300 220,700 35,800 41,000 | 112,900 89,900 246,800 | 104300 | 336900 | 266,100 548500 | 51,700
Scale |Source area (m?) 297,900 191,200 50500 | 297,900 23,900 35,000 76,000 46,500 122,600 | 62500 | 173,700 | 134300 373,600 | 20,100
Average depth (m) 35 25 25 30 12 10 15 15 15 | Unknown 35 13 40 10
(Half of maximum depth)
Volume (m’, from profiles) 8,200,000 | 2,100,000 930,000 | 4100000 | 240000 | 340000 [ 1,200,000 | 880,000 1,600,000 5,200,000 | 1,600,000 | 14,000,000 | 240,000
Landslide dam Remained Breached Breached Remained Breached Breached Breached Remained Breached No Remained Breached Remained o
Yes Yes Yes Yes Yes Yes Yes Yes | Yes (obsoure) | Yes Yes Yes Yes Yes
33° (8m)
Arcuate scarplet 36°, (14 m) 45° (12m) Present but | Present but Present but Pr:zf"t
o . 45° (17 39° (62 o i
_ angle 35 @5 50" Tm | gge sy | A5TUTM | 4o gy [ 3962 | g g5y | 33 A3M) No 34031 my| Without | without without | without
(Horizontal length, d) 36° ("m)|  Datanot 39° (20m) 38°(2m) detailed | detailed ;
ata no detailed DEM | detailed
enough 38° (54m) DEM DEM Dem
Linear depression No No No No No No No Ye;i(:j) m No No No No No No
Landform
before the | Horizontal slope length (L) 902m|  990m 360m 600 m 195 m 306 m 255m 312m 606 m 481m - - - -
events Td/L (%) 5 = 16 17 13 21 18 14 — 6 — — — —
Slope angle (ine connecting 34 33 36 34 32 31 30 32 34 31 27 28 31 32
the crown with the foot)
Previous failure at lower part | Yes Yes Yes Yes Yes Yes Yes No Yes No A(Steep Yes A(Steep No
slope) slope)
Within a large gravitationally No No No No Yes Yes Yes No No No Yes No No No
deformed slope
Apparent friction angle (°) 23 23 19 25 23 28 20 20 20 2 19 19 2 7
Equivalent coefficient of friction 042 042 034 047 042 0.53 036 036 0.36 045 034 034 0.45 031
Hi I Hi ' Hi Hi I Takahara Hidakagawa | .
) Fminthe | Hidekagawa | “p b b | Fminthe | Fminthe | Fminthe | Fminthe | Fminthe | ioKeE3Wa | g Gye Fminthe | Td2KagaNa | o i
Formation " Fm in the . . Fmin the Muro Fm. . Fmin the
Shimanto | o7 T | Shimanto | Shimanto | Shimanto | Shimanto | Shimanto | Shimanto | o™ | Chichibu Shimanto | -7 " 12 | gawa Fm
Belt 'manto Be Belt Belt Belt Belt Belt Belt 'manto Be Belt Belt 'manto B¢
Chaotic . . Chaotic
GeologY | ithology Chaotic rock|Chaotic rock — [Chaotic rock| Ghaotic rock|rock and red | Ghaotic rock [Ghaotic rock | 120tiC rock  |Chaotic 1Ss, Se-Ms | Chaotic o e ook |rock, Ss-
(and debris) |rock altn. rock
shale Ms altn
Wedge Yes Probable Yes Yes Yes Yes Yes No Yes Yes No Probable Probable Yes
Buckling Yes (small) ? No 2 No No No No No No Yes 4 Yes? No
Flexural toppling No No No No No No No Yes No No No No No No
1 m—DEM bafore the events | KKR¥ KKR% KKR* KKR* KKRk KKR% KKRk KKR KKR* KKR# No No No No
High- FY2009 FY2009 FY2009 | FY2009 | FY2009 | FY2009 | FY2009 FY2009 FY2009 FY2005 - - - -
resolution Nara Pref. Nara Pref. | Nara Pref. | Nara Pref. | Nara Pref. | Nara Pref. Nara Pref. Nara Pref.
DEM | | o e tho ovente |Geiooffice)l T | oo ofice) | Goio offce) | (Gojo office) | Goio office)]| (Goio office) | "™ | (Gojo office) | M KKRY | (Gojo office)] KR No
7 Sept. 201123 Sept, 2011 |7 Sept. 2011|7 Sept. 2011 |7 Sept. 20117 Sept. 20117 Sept. 2011 Zszgf:’“ 7 Sept. 2011 —  |7sept 2011 72?1‘:" 23Sept. 2011|  —

* KKR: Kinki Regional Development Bureau, Ministry of Land,
Infrastructure, Transport and Tourism
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Fig. 3 Cumulative landslide frequency and the landslide
size. Data of Totsugawa and Rokko is from Hirano and
Ohmori (1989), Sichuan from Tsou et al. (2011). Open
circles with T12 indicates the landslides by typhoon 1112
(Talas).
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Fig. 4 Slope images of the landslides Akatani (a, b), Akatani-E (c, d), and Nagatono (e, f). Left figures are
before the events and right are after. Darker is steeper and arrows indicate scarplets before the landslide..
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Fig. 5 Slope images before (upper) and after (lower) the Tsubonouchi landslides A, B, and C. Arrows
indicate scarplets before the landslide.
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_[

Fig. 6 Slope images of the landslides of Shimizu (a, b), Kitamata (c, d), and Uguhara (e, f). Arrows indicate
scarplets (a, ¢) and a linear depression (b) before the landslide.
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Fig. 7 “Strains” and slope angles measured from the 1-m DEM of landslides induced by typhoon Talas.

— 199 —



6. HMERE

AR L7891, WFnommE S EHEEREIC
BELEZLOTHY, ZNOLOENERIL, B
BIZEINE, RO 3 Z AT onbd, b,
< SOMRTBEEICIR ST, #if by 7V 7,
MHEOHMBOEERETH 5,

1) CSVRKRHEE@ASTARY

XA TORERNFEEM TR HZ  OREICR
LNZHDOTHY, FHFEIIRDOLNTOXK, RAEOD
BRETH D, REOREOMEX L BrmKX & #Fig. 8
12, Fig. 8ICR L= K 91, AAEERi: O HIE & A
BEBICENR LB D, REOMEOE EEo/
B, MrEnus LomEEnnodhe LTED
TWeZ ERbnd,

Ay, BE, 1K, BENBOAREEIC DWW C, JEELHE,
A, 3 & OWiE oM & B 0Bkl mE 2T
LAFRy MCEE L7 D %Fig. 91277, TOfth
DUNDOHETHBE L FAFEOMERMETH 7z &
WESND, REOHEOEAIZIE, HREOMEMNZ
(B2 HEAHBEN O KERETHY, F72, BEROAE
THRETH 72D, MOBEBOLE, < SVRE
BT AEEENERFEL, ERoREFK LTV
TmEBZBND,

2) HilF by TY T

ZDZA T OENFEETGIE, ALEORE THE
EhreboThd, LkoRETE, RERE EE
W= TR MHATER S TR Y, FEEIC L > T
Z ORI H 0> T J5 R |25 R D7 1R o A 1) C R i
THIZRERT 2EEDMEI RNz, REOILTE
& (MG E) <ik, HBiERE B L Tn
L, F2, WEBIRIFIEREEEICHR TV &
MNE, FEEMOREAERE L, RERTICRE I
BInsEoicdiFhy TV v rE2ELTEY, 20
A LRICT IR VST T T OBRRMH R &
TWhZEBRHEESN D (Fig. 10) . #iF > 7V
VR KRBEARRBEICEL WS LB D0, ik
TEAmEFOBBR DDl TANTRD
me7eh, BWMBEREREELIbDEB X BND,

3) RhEEDHEDEER

ZDEA TOBENFAERT, KBRS OILRE
B (W) TRO LN, FREFOMRMETIE, MEL
g I WA B X OES ERORE S HEND 72
O, RAEERE NEOLA M T Z O HE ORI A
@ bhiz (Fig. 11) . #E L2 #fg X nHlh

BIZEZEL TWARhoTzlz®), BHEEOFICT T
(CEHSEENC - e A B o T ATREME B B D 28,
FTNREHICE - TEBIZTEITLTWEEEZ BN
%, RERFORREEIY, RAERTNCH I FEIE R
BDIRB->TEY, ZOREFHDHEORERIZ L > T
HELTZbOEHEIND, REOHETH, AR
ABICEL L AERE (REROEIF40m) T
HiE D FEJE RO HILT=0Y, ZIVZHE O/ N7
Bl chv, RERELEEO/NIMA (Tsouetal., 2011)
TR L) g oE LEIICE TWED &
IR B DT 7oz,

7. BHYIC

201 1D BERI2FI & » TR LI R A L7
JE AR BE D3 A & FAERITT2 D 1m A v & =2 DDEMM)>
HAERR U7 AR & Hg W (K] % ol & L CRAT L
Toe TORER, 1T L AL OREITIARNIC R LT
WANEEA L, 12T CIRBRMH Z E > Tz 2
EWbinoTo, ZTEO/NE & RRR ISR E O B
NEFBICE>THEESRELLOTHY, BEORIC
FBEHRZDTNIEEL W EERLTWDS,
FEDOR T — VIR ERO A r — V2R T/ E L,
A7 MW C, KEFHR S OHIT~21%TH -
oo ZOREOR X INEWIC L 2 EE R ER AR
DRHFEeXITHDHEEZOLND, ZNEDO/NESE
I, EHREE IS THEBRRESBIEBLCRERTE
ZREOLDOLEL, b EEBIICHHT S
IXFHEMDEMB A TH D, 2F D, 5% OWERE R
FEAMEFT O TN E, MizE L — Y —FHHIC X 2 FE
DEM%Z WA MERH D,

EHICEN Lo fE oI L, Eiio/h
FERHUIR T &2 Ak L 7= B A A O E 12Tk
D3EAT N0l BIEOREHEIZIH 5T,
HiF ~y 7V s, BETHDL, TNHON, HE
DORBERFEEIZIR D T X0 P bEo o7,

HMELERCIE S ek E b & IC LU TR & 5 E
TEZIIDREIZOWT L — X — 7T A ¥ A&
EOMLIREE, 2603 A TOBRRAK
TO0MmMIZE L7=2H7=2 0 b RAELTZZ ERbhoTz,
B ERAEICE DRI T L ic B e E X
LNDHA, RO, S5iCiE, 22 LRAKEOHE -
ISR oW A AN O G +#CiX, Zo
TEEOMRSIRBRERAO BRI 5 AHEES &
A

# O

— 200 —



AWGE A D D172V, [E A2 mE T % TEJIAS, HDH ORI E 2K > Tzl
iRk L OB RIITHEE LML L — P —FHIIC X Wz, BURRRSABT SERTERT O [l BB KIS, MR
51mA v ¥ = ODEMBEHIE € 7 v) 7 — 7 Z i fik RIRCERIC K D RS FT R E 22 SIS VT2
W20z, E T2, BIMERAIC &7z - TE, H4TH, oo ZIZICHEERT D,

. El Debris
W% Chert

Fault trace

Scarplet before
the landslide

- Landslide rim
-

Elevation (masl)
950

—
Y~ I e

200 / \\i’— \

4 S v

“',\ T
Foligtion ™.~
e I P ~/Fault
Scarplet Scarplet

800 - ‘ ‘ - . ‘ ‘ (98 36m)—— (36" m)

0 50 100 150 200 250 300 350 400 450 500

a 50 100 150 200 50 300 150 a0

d

Fig. 8 Geomorphic features and geology of the Akatani landslide. A: Slope image before the landslide (darker is
steeper and arrows indicate scarplets). B: Close up of the landslide crown before the landslide (dotted line delineate
the landslide). C: geologic map. D: Geologic cross section (lines are shown in a).
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Deep-seated Catastrophic Landslides Induced by Typhoon 1112 (Talas)

Masahiro CHIGIRA*, Yuki MATSUSHI*, Ching-Ying TSOU, Narumi HIRAISHI**, Makoto
MATSUZAWA *** and Sumio MATSUURA*

* Disaster Prevention Research Institute, Kyoto University

** Fukada Geological Institute
*** Pacific Consultants Co. Ltd.

Synopsis

Typhoon 1112 crossed the Japanese Islands from 2 to 5 September in 2011, brought more than 2000

mm rainfall, and induced more than 50 deep-seated catastrophic landslides of Jurassic to Palacogene

sedimentary rocks. We studied fourteen landslides by using 1m-DEMs or aerial photographs and field survey

to clarify that all of these occurred on slopes with scarplets or a linear depression along their future crowns.

These scarplets and a linear depression were 2 m to 50 m high, and are scarcely observable on the aerial
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photographs without particular attention. Horizontal length ratio between the scarplets and slopes along slope
lines were 5 to 21 %, suggesting that “strains” before the failure were relatively small. Gravitational
deformations were mainly due to sliding along wedge-shaped discontinuities. Nineteen landslides that have
been specified for their occurrence time, were preceded by rainfalls exceeding 700 mm on the basis of
amount of precipitation analyzed by rader-AMeDAS.

Keywords: Typhoon 1112, Deep-seated catastrophic landslide, Lidar, scarplet, gravitational slope
deformation
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