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Extraction of hidden and unstable landslide masses and their risk assessment
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The Gorkha Earthquake of April 25, 2015, Nepal, has caused many landslides
along the Trishuli River in Himalayas where a straightforward method to analyze every detail of
slope movement is difficult for seeing the whole picture of the disaster. A numerical approach has
been taken to assess the remaining risk of landslides. The debris mass movements are described in
simulations with only four parameters, namely, the critical angle, Gauckler-Manning roughness
coefficient, angle of repose, and the rain concentration, an index to describe rain-water
collectivity of gulleys. The optimum set of these parameters, obtained through a batch of numerical
simulations to minimize the prediction error, was then used to identify locations of unstable
colluvium deposits remaining along gullies on steep valley walls of the Trishuli River.



% X C-19, F-19—1, Z—19, CK—19 (s

WFFEBRAE S I D 5t
2mM£AH%H FR=)VDEHEA b~ 2 ZALTE 77km AT OR S 15km 2 ER E L TE— X

VhR = Fa— RT78DANHHENKAE L, ZOMEOWHEREIL6T B NLE LS LS
iz, ZHUFR/N—L® GDP OFJ 13 ITHHYS T 5, 20154 6 A 25 HIZH b~ A CRfES
N7 X EESE TIE, FEB X OEBEHER D 5 REER 44 8 RO ZENER I, R
FRATRRE D Jim Yong Kim K% [BFEHOLEL KFERER, TR EICEARED L 9 ITffibh
LISEER | ERBEER SR o1, BUEALZREBETIE, XESOHBRBAIHIZRY,
TBEELEE L ER S ERR N E~OEREOBNTE 57z, #ECHRm LRI
RLEERTHIL, ZOBROERBRETLATILTHIZEND D, ETFERICEENRELEY
ICEBEA~OLEZERE 2522055, L LHEST SICEEE(L LRV K EA~ORISIL Ex
LTI LICE N, E0fFE, Eis KRESEETLILERND -T2, */3—iE, £DE
TEED 9 A K IEE (T0TMW FLEE, 2011 ) ITEFEL, FOZLITMAREUKTH 5
72, EBRBEOEATROBENELIN 20 R WEELH D, Ll TREE IR L
TIEDEIRFETERESN, 5% EILERL T OB RIMHAMLETH -7,

2. WO EM

ZOMBEOREIX. b~ T VILARIZH > TREICHEBEEICIAAY . 5 H 12 HIZ iMﬂS@m
REBENRAEL TS, ZhHD— H-i@ﬂﬁ;;zf l:'\7*?ﬂ?UJH)I’w%{;mhﬁjéaz%ﬂﬂl/‘b\
ﬁmﬂﬁ%gﬂ%ibﬁo%®@§1ﬁ53§#uflgmo K&E&éhk(%h%ﬁ

W B[S EOPFERELH D), AMETIZINSED I B, b~ TV 2k 5 i g v

I—mwmﬁﬁm%ﬂ%m\E@;i@%#?fﬁﬁﬁ%¢bt@# FIRTEL TV DAL
ERANE SN TV DO TV, & DIZHREE L 7= 2HE ORI B A% OB B LT
VBIERZH T 2 FEZRTZE 2 RE Lz, ZOFEIL. ARTT 7 & AN I LE
T, RoNZY Y —AULNMEZZ2WIREETHLHHERLOTHY . oGkl ¢4
<. LVIRBCEBLIESISERMHICHIEATE 2 bRk bNnT-, e T, HIERLE
FEDFRIBIZHEAT L TV D8V DOH D GFTIE EHE A b~ 2 XD AHINE T H G STz,
FDOERD A J =X LER EIGOMFT21TH 2 &b BREISHEA AN,

3. Mo Hik
COMEBETREIKENSR LIt~ T Y ORUE LEHE 280 25 2 X— L O T =
—lE, TI7=a "M Uxz—¢, VT2 MU= D, AFFETIE, FFERAEES
TBITHRE TH T T I 2 A T = —130D Trishuli JI[TAIA DOBBEIZ L5 LT~ B %
FlHRRIT LT, T 2 CRERMEABGH, BRI 2170, Bl ogRt, HEKHR
O, RRELEW ORI OE 7 8% 3 ERICOTEVHEAE L, £ LT, (1) HETHEE
EEF U 7R 2 5Lk - 2 IR /8T A — 4 . BRE LR OER R %2 i 2 E, £ LT
HERE 0 DFEPH %2 Sl L7287 A — &@%ﬁ&@ﬁ%ﬁotgé%_m HETHEL THA
BT o ="flimoc ) 72 L, 20— o>\ T Re— It k202850,
AL, 5% S bR 5 NMEEICHNE L T E LT, R VI BLTO RS — LV
72 PEEMERS L ML E 2D Z L L Lz, 510, HERHICHAE LHES LR AEIEN L
X6 HNTZEWVDOH H((3) BRI FV/Z@ZH&V\]%%%@ KT AT 9 =a N U=z
—DO—HXET, TORNEZMBEFREN G, 5% b~ A TORENREZIN TV D H
BIZOWTOXMNILEE F LD,

4. WFICRCE

(1) Trishuli JINATAS DAEEIZ 256 L 72 A C OFHA R -

b5 Mg T 55 D AR EE N EE TR L 72 @ 13 Ramche 7> & Dhunche (2 % % 7 & 1,000m % #4 2. % Trishuli
NOREETHY , ERELZL FHMAICARDODEADRONDJEUL LT ERE 2 FR LT 5,
FREEDNE TR LR IE, ED X ) RN T XA —2 TR S b D), %%i@@h@@ﬂ
X T DUMEMEIXED XL D 2 b DI ST O RETT 5720, MESHEEFEOREER, LT
AWFFEOWFIEE T - 7= Alessandra Mayumi Nakata & 23BH%% L7z [ S ki 7485 /£J % H
W fENT 24T o T2, 2 O ClE, AEIIRNE DS S S RAA k282 -G eweE L, Lbo
BT~ = 7 OMBEERE n ITEAFE L, & LU CROERI R HEREIII Z B A gl LS b & LT,
INHD 3 DDO/NT A —F DIEHILTOFLR B A HEE Lz, S HIT, HIBIZ K DKW
A F4 4K & LT Rain concentration, rC EWVWHNRT A —REEA LTz, ZiUE, RS FRkL
TR TR BRI T2 KORLFICE S Z, £ OKPERICHK S DR CRHEERN
DEKEFIT &@&V®K#Lﬂ¢5ﬁ%#%LT%%&%%FT%U ZOEENRREWVIZEE
M OEKREREHNZ EZRTHEDOTHDH, MEMIKTIND 4-DD/3NT A —F O fE 2K
Wit Z A, i1=41°,n=0.2 m%s, ig= 10°, ro >30 THEIH S L7 AREERR D 73% (True Positive, TP)
DA TEDLZENREINT, —H, ZOFRFICETUIEV 2N OHE LR > - mifE (False
Positive) 1X30% ThH-7- (K1),



TP I FP
Wi FN I TN

B4 1. FEERAREE Lo Rtbim (fE) &Gl a AR 2 U5 DR T A —Z OAG O (i= 41°,
n=02ms, ig=10° r;>30) THIEET 5 & L7ofbiE (f) Ok GRS ®©) I3l T
@Y . TP: True Positive, FP: False Positive, FN: False Negative, TN, True Negative.

_0)/\77‘ X, RBHBENEDIVUIELT D, I RIS & R BEIL TE{IZ D A BRE L7

BN EITH &, WODIRT A —H DFAHAEHEIL (= 40~41°,n=0.1 mBs, ig= 30°, rc
>63) L7 | BRCHERENL 2 BCT D g IS R E RERANBIN T HEER @), IR EDOHE
FEIk C AR 2> 5 O LW O B 2 - BN BN 6 DT, ﬁ%ﬁﬂ%%ﬁ%&béﬁ/\& .-
D& D LRMIEFETIR (FASEOIRERE) AR5 2 &@iﬁb\i INCTHZENKREYITHS Z k%
RLTWD, —HCTHEFRORRRA ik = 40~41°1TBICH > TREL BT D L0k,
Trishuli J117 bvﬁﬁ"ﬂ? ;fﬁU@ﬂﬂ:WEJZE’CEbM’Cb\é L ETFE LR,

(2) THETHREL CTHREE TR o 2fhm] OfmH -

ir= 40~4L° DB WVITRKE KL L2 &V ) EREORRETRERIE, Trishuli )75 A RIS HE L
DELE RS TEDLNTWT, B0 E-s 8T %Tffﬁ”iiﬂﬂﬁ%ﬁﬁ%ofb\é_f EVE % R
LTW5, MGioRB 2B EE X, O CTEA M THODRLS SHAL O ZNG > T8 Th
BN, FIIZBE LA ER LB CT XTI, BV ESINEZERIETIAN) 272 —T
ks, R BKRDERNH DRIEDORHFEF ¥ S THEIEL TSR TH -7, 29
L= 2 E O BT COREIIREECH L Z LD, M., ir= 40~41° % 2 2B
Ramche 7>% Dhunche (Z EDOREFIEL., SRIOHMBETHRE L2 ->722 ) TIEED L H 15
L TWDHDH, E- R HEIEIL E DR 72 D)2 R B D S VR S ui- HE R
BT 4 DR NEETET L (Digital Elevation Model, DEM), K — UHREE({ER 72 K HRRET L
Too ZEORER, ATk LTZEIZ RS L T2 Bk L= iqifj W miE &, IRV ORI xS
D ¥ X% 760,000 m? @ﬁﬁfﬁ/ﬁﬁ)?}{% NEL-THAH HHPEIX 8,700,000 m®1E &, AN T
JIENZ 77 U 7= HEfE H b 1% 2,100,000 m*FEC., Z Ul iﬁﬁ{%btiﬁ}@ IF 34 NI TITHE
NTLELTZHDEHETE éi}’bto Z LU TIRIZ ir= 40~41°LL B THEAF L TV 2 R 2SRRI )
1m O EVL LE TEbIL TV D b O &3, £ O 1513 13,000,000 m* 2T 5 & HEE iz,
TN, ABOEINRHEE R TR iiﬁ%?ﬁﬁb\%dﬁf}bé# ZTOEEMEICER, *
N VHYEF ROV ¥ — T b I D & & b BEEERXD) . R 3—VEBLTIZ b il
ahiz,

FEHOHIZLTHE A ED AP T, NPT I 2 A T x—F i = 40~41°\2 5T 2% 2tim %58
FAOEDICEFIN TN ERERI N, LPLLAEND k=40~41°LLTOREAETH, &
< iﬁf‘f L7 ERIBICATE Lt CT0WDH 2 &, FZ0OLEHEITES A— U OBFERMOR

WZERWHBE 2 7R L TV AR TR ST (IR—, K 2), ™A U= —ZZ OfFB s &
ﬁéo'ﬁ’%fz IREIL. R CTERE oA, T — D DEFERER L HEINL TS



324800 F5000 TSR ; 325 325600

3101600

Legend

3101400 ' il = = s~ Date of measurements
s 5 ® 2015-07-15
® 2015-11-01
® 2016-06-10
© 2016-08-11
2016-12-02
- 2017-04-08

-

3101000

,‘/"

X2 /2T 2 AT x=—@ Ramche 3T TD V7 UV —7E « £ s OBHIZAL1E 1000 512

BERINTWD EEERLD), B2 2017 4 8 HIZiZ /3= 12+ T 25 ABWHE LE=2ERWNH
0. Z OO BRI KE < 25T,

FFRQ), QDR THRNT - gt STz NERS HFIRLFFEDE] D4 DOD/RT A=A DIE5L X
%, B~ T Y ORIR AT HIN TITEER /N SV, il Tk, B HE - E S
KL R > T 21X T TH D, R/ VENOMMEE, &2 WIXMETOIEHEE 2 256
2L, BFEEFEER ISR L2 L 9 12, “FRZRORmKE" & LTORLOFEF Z B LT
BIVEND D, REAEEITIX 2017 FEDO AV T > A OFERA SESC 2018 4F H A b ifEE i
RHHHBEOREFUCONTHIFREZINE L, R/ =V ORRE L 20T EHED TN D,

) W b~ XBMNT 7 =3 AU x—DO—HEE :

TT=a ATz —DO—E, v XA REIZES Kathmandu — Bhaktapur 38 #1X,
il 2 FHRRO RS — /L Clig b HE e JEEE Th 5, AN O LS % 10m 2 FZIF 5/ 37
A Z Z OERE DRSO AT 2 B TSR Thak L7z, Aol b CHERREIZES D L
B LR o TNDHOT, BEH A OBRIEERIXD D TR BEOHLERIZ R D> THiEh
L. EWZH LT Homb o L HE Sz,

[¥| 3 Kathmandu — Bhaktapur & # O K (B - B, AEONE (AkR) SHiFK
i FZHHWE IV NE (1) fERER O L OFERHEED LV 1ER)



MBS 2 A% OFFRAREFE OO T, #2278 & 25kFe L TV DIEBR M FEHE S du7z 23,
ZOZETHEETIX, ERAHE L TWOSERICEBORNLRH L L LT, ThEfME L
(MEFERR L) , AWFIEDFESEIMINIC, RIEEHRELHR — U oV Fid, BOHERFE YC Il LD
FREHE, ZEROHFTOKRMMBELZITV., L FORRZGZ, 372056 Z ORMIZ T HHHR
D 5mIE EHUTFICE SV MRS o T, 2 FKE FI2® D E0 28k L GReikib) L.
fEAH R/ NEHLIZ 2y TREY L2 AlREtE @, RIS TEEESCRAL . ZoHE
SN I OBKIZIH ) KO IZEHNA TS (M 3), R/ 38— /L TITIR O ERKHE O A DNRE
SNTWVDER, EFREEZONTWDIERIFF R EEZH T RO A LT E2ITH 2 LT, K
WAL A2 RIEIARJRCE D AlgetE 2 R L, R X— VEBETIZIRE LTS, Zib DR
D —EITHEFERR L@, /83— /LT 2017 “FIZBAfE S 7= International Association of
Engineering Geology and the Environment @ EFE& 3 ClE Sz (FE2REOQ),

5. FlaREiR %

GEssamsr) (Bt 10 1)

@D Alessandra Mayumi NAKATA, Kazuo KONAGAI (2019). Overall features of multiple
landslides along Trishuli River triggered by the 2015 Gorkha Earthquake, Nepal,
Journal of Japan Society of Civil Engineers, Ser. Al (Structural Engineering &
Earthquake Engineering (SE/EE)), 75(4), (FEmif, HHikE) .

@ Kazuo KONAGAI, Alessandra Mayumi NAKATA (2019). Runouts of landslide masses
detached in the 2018 Hokkaido Eastern Iburi Earthquake, JSCE Journal of Disaster
Fact Sheets, FS2019-E-0001, 1-6,
http://committees.jsce.or.jp/disaster/FS2019-E-0001. (K FHH)

® Kazuo KONAGAI, Seiji NISHIYAMA, Kanta OHISHI, Daiki KODAMA, Yuki NANNO
(2018). Large ground deformations caused by the 2018 Hokkaido Eastern Iburi
Earthquake, JSCE dJournal of Disaster Fact Sheets, FS2018-E-0003, 1-8,
http://committees.jsce.or.jp/disaster/FS2018-E-0003. (& FHiH)

@ Hikaru TOMITA, Alessandra Mayumi NAKATA, Kazuo KONAGAI, Takashi
MATSUSHIMA, Masataka SHIGA, Takaaki IKEDA, and Rama Mohan POKHREL
(2018). Landslides triggered by the 2015 Gorkha Earthquake and analysis of their
long-lasting impact, dJournal of Nepal Geological Society, 55, 77-84,
https:/doi.org/10.3126/ings.v55i1.22793. (& Fe A, IEFEILE)

© EHE ELE, AR -5 Ml P (2018). 2015 4FR/S—)L - L HIERIC X D H0E B
R L 2 DD O BR KL CBADRARKRICET 255, ARV WmCE Al (i -
HIFE T5%) |, 74(4), httpsi/doi.org/10.2208/jscejseee.74.1 1070. (FFHiA)

® Md Aftabur RAHMAN and Kazuo KONAGAI (2018). A hands-on approach to estimate
debris flow velocity for rational mitigation of debris hazard, Canadian Geotechnical
Journal, 55(7), 941-955, https://doi.org/10.1139/cgj-2017-0211. (& Fef, EHEEILE)

@ Kazuo KONAGAI, Masataka SHIGA, Takashi KIYOTA, Takaaki IKEDA, Ground
deformation built up along seismic fault activated in the 2016 Kumamoto Earthquake,
Journal of Japan Society of Civil Engineers, Ser. Al (Structural Engineering &
Earthquake Engineering (SE/EE)), 73(4), 1_208-1_215,
https:/doi.org/10.2208/jscejseee.73.1 208. (#EHiH)

Md Aftabur RAHMAN, Kazuo KONAGAI (2016). Substantiation of debris flow velocity
from super-elevation: a numerical approach, Landslides, 14(2), 633-647,
http://dx.doi.org/10.1007/s10346-016-0725-3. (&t f, [EEILE)

© Hitoshi MATSUBARA, Omer AYDAN, Kazuo KONAGAI, Rama Mohan POKHREL and
Masataka SHIGA (2016), Rock slope failures, liquefaction and permanent deformation
in 2015 Gorkha earthquake, Nepal, JSCE Journal of Disaster FactSheets, FS2016,
E-0001, 1-11,
http://committees.jsce.or.jp/disaster/FS2016-E-0001. (FEFHH)

Kazuo KONAGAI, Rama Mohan POKHREL, Takkaki IKEDA, Masataka SHIGA,
Rahman Md AFTABUR, Hiroki OKUDA (2016). Follow-up report of damage caused by
the Gorkha Earthquake, Nepal, of April 25th, 2015, JSCE dJournal of Disaster
FactSheets, FS2016, E-0002, 1-9.
http://committees.jsce.or.jp/disaster/F'S2016-E-0002

(FaER) Gt 8h)

O Alessandra Mayumi NAKATA, Kazuo KONAGAI (2018). Analysis of remaining risk of
landslides in Nepal, 38th JSCE Symposium on earthquake Engineering, IIS.,,
University of Tokyo.

@ Masataka Shiga, Kazuo Konagai, Rama M. Pokhrel, and Takaaki Ikeda (2017). The
11th Asian Regional Conference of International Association of Engineering Geology



http://committees.jsce.or.jp/disaster/FS2019-E-0001
http://committees.jsce.or.jp/disaster/FS2018-E-0003
https://doi.org/10.3126/jngs.v55i1.22793
https://doi.org/10.2208/jscejseee.74.I_1070
https://doi.org/10.1139/cgj-2017-0211
https://doi.org/10.2208/jscejseee.73.I_208
http://dx.doi.org/10.1007/s10346-016-0725-3
http://committees.jsce.or.jp/disaster/FS2016-E-0001
http://committees.jsce.or.jp/disaster/FS2016-E-0002

SIS

and the Environment, Kathmandu (Nepal).

Hikaru Tomita, Alessandra Mayumi Nakata, Kazuo Konagai, Takashi Matsushima,
Masataka Shiga, Takaaki Ikeda and Rama Mohan Pokhrel (2017). Landslides triggered
by the 2015 Gorkha Earthquake and analysis of their long-lasting impact, The 11th
Asian Regional Conference of International Association of Engineering Geology and the
Environment, Kathmandu (Nepal).

BEIES, MEA—H, mmEFEY (2017). % 37 Bl LAFSHE THIFRR RS, FER.
Allessandra Mayumi NAKATA, Hikaru TOMITA, Kazuo KONAGAI, Takashi
MATSUSHIMA, Masataka SHIGA, Takaaki IKEDA, Rama Mohan POKHREL (2017).
Analysis of landslides effects triggered by the 2015 Gorkha Earthquake along Trishuli
River, 37th JSCE Symposium on earthquake Engineering, Kumamoto.

BEIES, NRIET, HHE, BB, AWEZ, mmEEE, UmRT, KB, &
JII4%, Pokhrel Rama Mohan (2017), %/ /X—/L « iR T ZH51T 5 HARKAERYE O L 5
HFRA, 5 52 IR TARFsEseRke, 4.

Kazuo KONAGAI in place of Md Aftabur RAHMAN (2017). 16th World Conference on
Earthquake Engineering, Convention Center, Santiago, Chile.

Kazuo KONAGAI (2016). Some matters of geotechnical concern for rational
reconstruction of areas hit by the April 25th, 2015, Gorkha earthquake, Invited lecture
at the 8th Nepal Geological Congress, Yak And Yeti Hotel, Kathmandu, Nepal.

(Z DAth)

UTFOY =27 %A MIEEO—E (Vo 7) Bl
(HFE https!//main-konalab.ssl-lolipop.jp/home-e/index-projects.html
(HZAFE) https:/main-konalab.ssl-lolipop.jp/home-j/index-projects.html

6.

W FEAH

(D)W

W B R4 s Bl

n—<F K4 : (Matsushima Takashi)
PrEMF SRR 4, B R T

R4 - VAT AERE

W4 - #oz

W E %S (8 41) : 60251625

MR iE K4 - 1Bl P
n—~<T7K4 : (Kiyota Takashi)
BRI T E A SN
WIR4 - AEFERANAF T

W4 HEH%

WoeEE 5 (841) : 70431814

ESHERL - TN B

o —< K4 : (Takeuchi Wataru)
BRI T E A SN

WRIR4 - EPFERANITZE T

W4 Hd%

WroeE& 5 (8471) : 50451878

(2) WF et
WHoE 1 KR4 - whin AR
o —<7K4 : (Ikeda Takaaki)

W HERL : FHLL T FNL
o —~<K4 : (Pokhrel Rama Mohan)

KB C X D0F5E1E, FEZ O AR L FEICBWTEET 2 b0 T, £07kd, WD EMOVIIER D AFKEFIC
SOWTIE, EOEFEFICES bo TR TONZERRICHT 2 RRLHEEL, MHEEHACRESET,


https://main-konalab.ssl-lolipop.jp/home-e/index-projects.html
https://main-konalab.ssl-lolipop.jp/home-j/index-projects.html

