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Elucidation of failure mechanisms of natural slopes formed from crushable
volcanic soils and development of risk assessment system

Kawamura, Shima
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This study focuses on failure of natural slopes in Atsuma town, which was
damaged by the 2018 Hokkaido Eastern lbura Earthquake, and investigates the methods to assess the
future risk of slope failure on volcanic slopes due to increasingly severe natural external forces.

The results of this study include:1) understanding and engineering evaluation of the
characteristics of collapsed natural slopes and the amount of particle breakage (degree of
weathering) of the constituent soil particles, 2) understanding the physicochemical properties and
mechanical behavior of the constituent soil particles of collapsed natural slopes and the evaluation

of their behavior in the slope through field monitoring, 3) proposing a method to evaluate the
stability of volcanic slopes due to combined external forces (earthquakes and precipitation), and 4)
proposing a prediction method of the future risk of natural slopes composed of crushable granular
materials such as volcanic coarse grained soils.



Bk X C—19, F—19—1 (Jtal)

1. WFFEBHAA S PO =

EAEE, EHEoK 40%083KIIEOREECKILIKE L CEbILTW\WD, 2 b ZMKRT 5
FHA - AR T, HECITFOKRSES) (KEEH) (TEKRT25MR E0 AR IOHIRIZ X
>7TC, E-EL ALEREYLIZER U7/ R ok k7 Eo A kic L - T, -
WRENHEIE L TS, BT, R 28 FREARHESC AR, 30 4R AL E LR sl i <1k, Fak
BRATSCIE BT 2 ol & 3 D HUBIC BT, B R ARIHERED 2 B 72 D B SRR HE S KB EE L 72
ZEFRBICH LY, N0 WK EORKNEFET D &, Btk 5 KILKE ok
R (FERE, R L) DRER SN TWS, 2D Z &iX, TRV EORAE, T72b LR - L%
HIJRAGIZ LR 9 B 1k R ORI IR O NS &L » TR Skt 1 - ik E o L8
MTROfEE L THEL, RERELZFBE LI L2 RELTND,

D X 91, BAFEHEKILFICET 2 BASIEICIE, Bk X 2880 72E KX -
TRIUEH S KREISHHE SN, FHOMEE R L TW5, 2 b O KIUIKE Lo )52k
B, & ORI ORFIESC, FEERMEARL 4 O Bk 2 Sl WGl o e Bk +
VIR DI B DR S ML E T D Z & BBEEOIZE N D LI SN TV D, Bk o Hisk
PIAMZEB W T, IRMEBLIR L E D, < OKIUKEHE - ko ERRE I W5, £
72, CKILPKHE « Bl S 2E S EEF CRE2FodumE 2 it 2 &, L% 100 EMofHE
SEHER] 131 4 TlE, F D 44% 23 kiLtEaE & KIUKE L6258 m THRAELTHS (F-1),
DT, W OWE Lok & B B KUK O EBEORL kR (Hkisy) & REm L,
TR R 2 AT 7 v A EMAT 5 2 &, HRIET D BRI ST D kLR R NE D4 %
A LG AREREDO R AT 5 HiE (2T L) BTS2 L IIHEHICHLAKTH
Do

2. WHED A E=4
AT, Bt R - EEICK 251 g =i
DI, ®HGICH 2 AbvEE (Rpiz AbyEE B R 30
MR CHESS U7 SR EIHT R O F AR AR % REIC ——
B aiEnT-, BIKICIE, 4 £0nbhsmng  KIUESOK
T, M4, LTD 350D S &, BRI WpRE
0 LA, - b _
DEAMBEBORTHAE WS E. FEE OF 44% a5
B - 5%
AWFFETIE, BULOHELT A 2R il & (i
kioyE) & UCEHMEE L, HARHROHMFE, AT
BB S, BRI S HARBHE IS EORES
FNTWBED, £z, TOEIZK > TKILKE+
DR L RHROREMET EOREEILT 500 %E B-1 KRk HUE I O 5 A 5
ERMICR L, EACEE R FEIE 2 ER T 5 . Bei&)

W, RIS O FHE O TR EEAL N R 2 HEE FTRE R HIE AR E T 5,
QEZRNNBENRRIURHBEOH FHERICRIEFTHELZOFMETILOBE

Z D XD IR A R T KR E L 5 72 B HAREHE IZ B W T, B - (L Erg R R
Wred 7z ik, 28) NED X I RBRE FCHITT 20078, TORED T AIZ>0T
IR S TR, 22T, OOF7—~ 0T LT, Mg, BWE, s - @z, S
MU —E o TR Z DRALELSR CRLFik: & Z U o Z) ITHEB L, R iEres 4
O7atvRAERET D, £7-, EREEE (DEM) & X # CT A%y 2 HWfEricky,
R 7 a WS A T RER R DR DA T (BN E T2 256, ETRITHIAN £ 6855673 L)
BEIEL, RO A T = XL OENNZ L > C, fAETEREN DX HICEIT 200 EET IV
135,
Q@EENH HE+EKE) ICKDMUREMEmOFRRERE SR L FEMFEDER

JEEE L, IR, B LWESELGRE FICH D, T X9 kT, KEREZMEE
IHEIFEL TV D Z D, [EESHORBENRREI W EHIISN D, 22 T, [EEESHTHT—
X% b &I, BUERE, [FREEICRTT 2 KILIKE B SRR O FE 72 22 ERT 8 L OV E D FE
2179, BERINL, RIEICEK (BE+HES) &L LTHZ, HEBIC X > TRIEEN A
L7, AL TORWERTT, [k, EORE, fHEfE Y 27 RNEE 5 00E EEMITR
Ty TORERIZH L SNWT, FEREEICRTT 2RIE O EMFM & U 2 7 3L (AT A) O
B EAT O, OFEC, EHEOREAREOFHEN L 225 BN (KEHERE & MESERE) ORED
NEZE 38O S BHA AR EE IS M E T B 2 B - T E R L L, AT 5.

3. WHEDIE
AWFFED BN Z R T 272012, BHNER, BIMEIE, 7— 7 OREHNZRoHT, Bl e &



ARAHINCEM LT, £70, R HERE T, MRFZOREEZEAH DL VL—TTLED
LD, FAMBRAMRE R L E LTEL DD T 208N -, FEARNIED BARR 72 B0 $H72
FEREET DL ELULFOL Y TH D,

(1) A AR R4 U AbiEE R BT O B AR I8\ T, BUHFRA & A E R 217 - 72,
WX UDICHREER R AR L, #UEOBLEEN G, b TR O A M b 7 O MRy 8 M O o 78 B4
PEDOBMR AR LT-, F7-, AEENRA LS &34 LR WHLE DB WIZHOWTHRE LT,

(2) FBEARBIIEICBWNT, MR, TEOKGEN, MBUKTEER, XU - HiRE, 20054t
L, REDZEAITEE > BHAWNZEEN O LB 2 HUE LT, TR ORI RIE I BRI - % B8
L7z,

(3) FRA LT\ Aus A EIER —wot OKYJTmM) IRENE T E 4, FEEO MBI WS
(B FHUES)) 238 C & 5 e IR Bhllifr TR E 1T R L, 24 & OFE Tl 2 ONée
WL ZEhE B gL A I U, MRS X » TR IR EOREA L 2002 ER(L LIz, 77,
RN O M-I K 2 i o U SCHUE iR |12 X DR TR ORI 2 TR, I O R4 A X
FREMG AT & 8253575 (DEM) gt (PFC Y 7 MR IC K VR L, RiAMieo A = X L%
BRI,

(4) KWEEETHT —H %2 &1, FFRRETHT — 22 HS W7 BREHE O 22 ENE % 7l L
7o Fiz, dLEEOMMIKIZ 1T 2 KA B O ZEFMZ1TV, EWREICET 5 U X7 5 %
1T-77,

4. WFFERR

ARG TH LN - OOEERFRRBEE LD LLUTOL S 25,
OmEL-ERAMEORM L BETHFOMFRRE (ALE) OEE

KGR L B PN e O RBUBCEAR = 0 12 & o CDBE P ZE N A4 U 7 i S R &
SR I o0 e R B, & L C Rl | M o i O B9E O 3 1S T Y (B-2), &
HEE AR 72 & DRI ABRO M, 3 L OHIBEORE &5 X 55 AT T KRR
(Ta-d) #EIZRIL, RAWIFRREIT 72

T ORER, AW D 2 B O R, G 1E, RHE B R & R 5 B i
HWEREROLETIE (R-1), WOtk bRl 25° ~30° 1B CRHBEENE <,
F 7 FR TR —FEN 2 EBPS NI ENTZ, S 512, BULOE AV Z RS B R
B (H RPN TR T It 12%,  SORUIFEGRUREC T 16%, i) [ttt <1k
9%) 7D b, HABEHUEREEAS MV IE SRR RO b E < Ao T D 2 LAV S LT,
ZOZ LMD, FEOENT Ko THATE T MRS (Ta-d J8) ORYEOMEITORE 2
2D Z EPHLNCES NI, £, TRVBEH LI Ta-d BIZOW T, fiEEZ a7 fhimic
B3 2 HERSHE RS O © O TIRAT L, Ta-d JBIZ i ~v I ISy &AL, 1 Gk HALHE iii i
RSN TND T ENBNT LR, AFMHR ERENETCHE AR L CHEICRET 2
—J5, RRHTIIHEVFEEET, TRNREORRE L oS D5 LRSI,

QHEL-BAMEOEELIHFOMELEE Y - AFEZOEE L R ERIC & 5 EEFHE
WA, RHE AR T 2 1R ORIL S HREC B % R L TV D ATREMEDN B N 2 £, bk
O B RNk 22 SR AL 22 H R o0 KL K E L
Bextge b L7zsNakBr (X BRIEIHT & FERH 728
BN (RIR 1), —HH AW % %L,
fEC, BARRHE RusEiZ I C HE K,
RIBAKE R, SOR - MR, REEZHEL,
HHEHR & S0 L7,

X HREHTE L OVE &M Tl Ta-d FRIE A
B (-3 000 o, Mt Th b
oA YA MBS, FIC Ta-d kIR A )E
(@) IzBW\T, ~"aAf A bOEENKE
W2 ERHER SN (B-4), o2 kiE, 1o
DR % —2 & LT, BULHSHEST L7 &
IZBNT, TR0 BN R LT ATREM N & 5
ZENRENT,

H7o, RHEMEZ 5 ¥R (—EEA -2 FEH L ko L B A
WrakBR) FEEA DL ZDZ LIZHALNICENT 1

WA, BT, REREIH (KPR oak LRI

DY 90% DAL L TEY, 2o v YA b & F-1 FURI O B R R
B8 2 kIR 1T & > T S iz i — _ _ .
JiC, MIBWIC LA EAM s - Lok | e |TEET ) BESER | BRARRE
FRRERRAEL, R OKPIEELRSY mA0)l | 5.08 1.95 35.3
B9 2L TRBLL, dmERRREE T (EERANG 13.70 | 3.10 22.6
RHMERDIO L > 2% P23 SR Lizoc AR 200 1 20 0.4

ERWNEHRET LR TEDL, 2D A



T A MTHEEKRBPAE SN DRV E Z A TR
ENDZENG, BRAOPELED, B %
1TV, RN O K OHER ORI O 3K 5y
& IR K E D ZEAL D> & R A R IE T 52 2N
FIZOWTRR LT,

X-5 (CF%[E L 7-kas & & O HuS O HERRIR I &
R, BRI, KREOT RV mEEZeo28 &
% 170cm HIAICFRE LI=T v oA A —% THIE
L7-MBKEDZE 2 —fF & LT (BE-6),
FER L0, 10mm/day 2 O RN Tl O MR
IKIEWZELIZ 2V, HHBREFE & F -7k
M 232017 % & 170em HUSIZB W THEENRH
HZENHEMNE T2, £, 1126 6 LS
L7-RBAKE T D Lo BH LT TEHY, 3/15
WIXABFICIIVME S TER LT, BEAKA
Il X o T, WIS S L, & REERK
ST, NIV IRRBIZIE SV TN D, 2D 2
LMD, KA Tl N A YA N OTEREREE
WZhHdHEEBEZLN, TRYREICHFG LTS
AREMERH D Z L BRB ST,

QEANH GhE+EKE) IS& S KMUKERE
D R 5E 14 54 % D 7 3L

T2 CIE, RAE L= 2R R R Eh A R A
& VG, RSN X 2 AT N K HERE Y
DB 70 B BRI R O R AR O 4 % B &
T LT, FRICHBIRBI 22175 2 &Ik - T, 18
AR K FEHEREY) (Ta-d) D X 912, R
L 2 K L KCHLRE £ B 72 5 B AR AHE T,
HIEE R DR LA AW X o TR IR S 35 5%
&h, TOZ EPRBDOALENRZGI ST
AREMER B % 2 & B SEE 1T, & BIT, Ta-d D
LT O HUBL TSR 2 J S, IR O H B
BFRERLE — R AR L, KT RROET MLk
HBEL, D%, 3D 7Y v FRFIZ K D HH
BIT-ThY, REOBR F-3EEOFILNL -
Wi DOEAIRE L THEENHILICX T 2 5K
Rt S0 L7,

@ FMERRIEN S 55 ERMEOFEREERE
T8I & Bl F i D 1A

JEE IR 1T 5 1km #F NHRCM20 D,
TERME LR AEDORESZ K & L ORIR DA H)
AR LT, T ORER, BB %4/
FEEKEIE, BIERMEN FEIME 156mm, HAKME
218mm, Fz/IME 105mm, %5 53 - E 94mm,
RME 123mm, H&/ME 45mm & 7o 72, F7-,
KIRD DITHAERR BN K E DT 58, A
(1 A~2 A) ©HFHRIED 0CrHEICHERS
T5H LT, HAERROR AR DY 2 5 TR
PERIRIE ST, REKE & KIEOBSN BT,
KA B BRAS Rl D 52 B % 52 1T 09 < 72 2 itk
THDHIENHELMNIEINT-, T OBFERARS
5 ONCHIR DB L B L -2 TN ClX, IF
KEBEICH T DRI KE Y 27 O RO ATREM:
PR EHT,

S5, [EEE THT —4 (d4PDF) % &
(2, YHHIR O R RR R TR T — 2 2R L, Y4
aikz 1 5 L EOHERE, ¥ X ORE
DARHERNEZE B E U= KERAED 27 OHE
EEE R LT,

PLED X5 el e 2 e FG L, ARWFFEO R
B L=,

Fi88 [
MR ”
-
0% 20% 40% 60% 80%
EEH (%)
CE=ES oRA ofRE
oEAER of AR ORERF
oA ahABAR 8 YR RNATA
BARAYA b

10 —
20 —
30 —
40 —
50 —
60 —

70 —
80 —
90 —
100 — Ta-d
110 —1 (FBRE)
120 —
130 —
140 —
150 —
160 — (BER)
170 —

180 —

B-3 FRAHLoD AR &R

EERAH RROTHEE

100%

BE

[H1 &K FE (Kpa)

-5 FEEsERETR S & 45/ & O BIR
H

15 o

W& (mm/day)

10 &

-6 [T & BT oo BIAR




Nguyen Trong Nam Kawamura Shima Dao Minh Hieu Inaba Takumi

14

Influence of Fines Content on the Stability of Volcanic Embankments under Rainfall and 2022
Earthquake
Water 2096 2118
DOl
10.3390/w14132096
KATAYOSE Riku NAKATSUGAWA Makoto [ISHIKAWA Tatsuya 78
ESTIMATION OF OCCURANCE OF SLOPE DISASTER RISKS ASSOCIATED WITH CLIMATE CHANGE CONSIDERING 2022
RAINFALL AND SNOWMELT PROCESSES
Journal of Japan Society of Civil Engineers, Ser. Bl (Hydraulic Engineering) 191 1_96
DOl
10.2208/jscejhe.78.2_1_91
Chen, Y. and Nakatsugawa, M. 13
Analysis of Changes in Land Use/Land Cover and Hydrological Processes Caused by Earthquakes in 2021
the Atsuma River Basin in Japan
Sustainability 1-18
DOl
10.3390/su132313041
77
2021
B1( ) Vol.77 No.2 1_199-1_204

DOl




Shima Kawamura Seiichi Miura, Satoshi Matsumura 35

Stability Monitoring of Embankments Constructed by Volcanic Coarse-Grained Soil in Snowy-Cold 2021

Regions

Journal of Cold Regions Engineering 1-12
DOl

10.1061/(ASCE)CR.1943-5495.0000240

Shima Kawamura 6

Lessons from Recent Geo-Disasters in Hokkaido Under Earthquake 2021

Understanding and Reducing Landslide Disaster Risk, ICL Contribution to Landslide Disaster Risk 35-40
Reduction

DOl
10.1007/978-3-030-60713-5_4

Matsumura Satoshi Kawamura Shima Kandpal Lalit Vangla Prashanth 18

3D printed porous particle and its geotechnical properties 2023

Acta Geotechnica 5735 5753
DOI

10.1007/s11440-023-01981-7

22 0 3

Tsubasa Kawai, Makoto Nakatsugawa, Junya Seki

Evaluating The Risk of Erosion from Steep-Slope Rivers Using Downscaled d4PDF Data

The 39th IAHR World Congress

2022




d4PDF

4 77

2022
(Ta d)

4 77
2022
63
2023
63

2023




129

2022

2018

39

2022

2022

Ta-d

2021




3 76
2021
78
2022
d4PDF
78
2022
2

2021




Ta-d

2021

75

2020

Ta-d

75

2020

2021




Tsubasa Kawai, Makoto Nakatsugawa

A STUDY ON EROSION RISK ASSOCIATED WITH CLIMATE CHANGE

The 40th I1AHR World Congress

2023

Nguyen T. N, Kawamura.S. Dao Minh Hieu and Inaba, T.

Effects of fine particles content on earthquake-induced failure of volcanic embankments subjected to rainfall

International Conference on Geotechnics for Sustainable Infrastructure Development (GEOTEC HANOI 2023)

2023

130

2023

2023




2023

2020

355

2018

(Nakatsugawa Makoto)

(10344425) (10103)
(Matsumura Satoshi)

(20748305) (82627)
(Hirose Wataru)

(30446364) (80122)




Indian Institute of
Technology

Hanoi Architectural
University




