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NUMERICAL SIMULATION OF FLOODING AND
DEPOSITION OF A DEBRIS FLOW

By Tamotsu TakanAsHI and Hirobumi TsujimoTo

Synopsis

To establish so-called soft countermeasures for debris flow hazards, it is essential to delineate
the hazardous zone at the debouchment of a ravine due to a potential debris flow. Because the
natural and man-made features of the areas and the scale and properties of the debris flows are
different place to place, data of the actual experiences sometimes contribute little to the issue. This
is a reason one needs more general method which is capable of predicting the hazardous zone or
hopefully the distribution of potential hazards within the zone.

This paper presents a numerical simulation method which can calculate the two-dimensional
overland flow, stopping of the front and deposition of the sediments forming a debris cone on an
arbitrarily complex surface feature. The application of the method to the results of laboratory exper-
iments verified the method. The processes of the Hora-dani debris flow hazard have been reap-
peared by the computer simulation. Although there remain some points to be refined, this would
be the first and promising method for the approach to the mitigation of the debris flow hazards.
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Fig. 5 Experimental setup

Table 1 Results of experiments

RUN NO. ‘ 8.(°) 04(°) | Qu(l/s) | Duration (s) | Roughness | Z(cm) | B(cm) | Can(%)
1 16 0 0.5 20 NO 0 | 6 19
2 16 0 0.7 20 NO 9 | 9 41
3 20 4 0.5 20 NO 105 | 75 41
4 20 4 0.7 20 NO 130 | 70 47
5 20 0 0.5 20 NO 0 | 8 29
6 20 0 0.7 20 NO % | 80 51
7 16 4 0.5 20 NO 0 | 70 48
8 16 4 0.7 2 NO 130 | 60 a
9 16 2 0.5 20 NO % | 70 )

10 16 2 0.7 20 NO % | 80 43
11 20 2 0.5 20 NO g | 7 47
12 20 2 0.7 20 NO 150 | 90 47
13 16 0 0.5 20 YES 30 | 60 48
14 16 0 0.7 20 YES | 70 | 80 4
15 16 2, 05 20 YES | 30 | 60 | 48
16 16 2 0.7 20 YES | 55 | 75 49
17 16 4 0.5 20 YES | 5 | 70 54
18 16 4 0.7 20 YES 100 | 60 45
o | 16 2 0.5 20 NO 120 | 50 50
20% 16 2 0.7 20 NO | 150 | 80 48
g1+e 20 0 0.5 10 NO 75 | 55 49
ggeke | g0 0 0.5 10 NO | 60| ™ 51

* Channel Works

#% Lateral gradient of the flooding table=3°
*k% Lateral gradient of the flooding table=5°
L =Maximum arrival distance of the front
B=Maximum width of the deposit
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Fig. 8 Comparison between the shapes of the depostion in the experiment and in the calculation

— 9 —



KB KBTS $275 B-2 (HE59. 4)

W

476

Run3

|____| T=20

T=i0

STOP H

Exp. ---=----

20¢cm)
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Fig. 11 Comparison between the shapes of the depostion in the experiment and in the calculation
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Fig. 12 Comparison between the shapes of the depostion in the experiment and in the calculation
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Fig. 13 Comparison between the shapes of the depostion in the experiment and in the calculation
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Fig. 14 Comparison between the shapes of the depostion in the experiment and in the calculation
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Fig. 17 Comparison between the shapes of the deposition in the experiment and in the calculation
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TREARE(ETHEEDBKEL TS, 1, Fig. 17 0k Sic, REESEFFMCEREb->T
VBEA, ERTRAERMELT 5 E TIMEHODO TV B HIHNH» TIT O LT, HETIISRSME
FBFICHERS DR 2 R 1285 2 & D OEBBERIICEDREREL > T3, Zhbid, 30 EHEHA
KBTI ARIERTROH LT 3itb bbb o ENSBKEMMTE LTS EFELTNE T &P,
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TR, HRE W OSBRI LT - 70hs, & IcHERE &M Lo Ick UTiRPERICe
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ROERBE LA ROBRBEELENS I,

52 KEOLARROHMBH
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Fig. 18 The domain of calculation Fig. 19 Thickness of deposition on the cone
of the Hora-dani after the 1979 debris
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foIC, BB TEARES—ETH bbb od, Fig 20 o (a) iRLIcE ST, Wil 1 THhid
THT LY, TOEFFHNEFHE, OBFTRELTLE 5. 2hi, HEgiTiE Fig. 20 o (b) ©
RT LI, EEBICRR A —XIZHETF LT FEND, FHICEOTRIFNOWEAZMICEL L, FUK
T TR & I ETE LI WL - TV BB THBEELOND, TOXIRT LR SHnic
WESIHBERD B BT, “IRICOBEHD &5 Sh—HARBTICN » TS O, HEisHEH LT
WAEAIEBT B EMTER, £CT, CCTE Fig. 20(@) TR TRINTVALINA » ¥ 2
THRETICE S, WO OR B AL 2 KA | & 0 ORICRT 3 T &Itk » TRIEER O,
T, TAEMERICEH LTS EEDNZERTO LFETR, Fig 20@) ITRENTOVEAHEET 5 »
7R N PREIMEEFEOIDIC, HOXAOE» SHEBTANRR T2 EMH5, UL, EBORkR
TRZOLIBHHOBEBRIEEL LD S, HHLHBNERN TS EEbh b, EBICH, F30k
T TOLARTI ERORB IO SORKRBIBEALL DL - 1DTH B, 20T, ABOHETRIFDS
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JE— ("‘_: ThbEEbha,
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(o1 Calculating mesh (o) dctoat coomer F18- 202) IORT LT, # v ¥ a A KBOTHHEL
Fig. 20 Calculation mesh in an oblique DAy a2 BIERURRESHENTHS EBHONE D,
channel HETR A v ¥ a2 A REAEKBIFICIE-TEY, #HF
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HADHRT 5 v 7 2 M BA-TLHENC ELR D, &L THRFARORNERR{LT 7 a7 7 2R
DEAHILEZT,

LU, U A9 ¥ 2 BEBTADA v ¥ 2 THIUL, HBE HR7 5 v/ A&bik, TORED -1,
DT+, D LT~ (L T+ D 42D A ¥ 2 DR THETRICH S OOHEROTENTFAEL 5.
5%, Fig. 20(a) T v ¥ 2 A ORBHE KE75v7Xi% A B C D D4DD4y Y 2DTNE
NOBERCTERLT 3, COX T3 SHEHATIICbHNIEELEh, BESHAET ).

ERICHELED ZBACER B3BREMB L ULAHOREHER, Bk DR EHERY 23R, @=
72.7m3/s, Vy=6.04 m/, C4y=35%, np=1.25 g/cm?, ¢=2.65g/cm? d=10em & Ui, & 1o, EmOLME
KON T R GHRAEE L DR BB TOEE ETh- 2 EBUTHE L Lo #y V2RI
DX=DV=5m, DT=1/100s & L7z,

PEDESICLTREY 3 2V —¥ 5 Y27 - 2kR% Fig. 2N (a)~(8) IR, Fig. 21(a), (b) 5,

Ts120ts) T=24015 1

© @

Fig. 21 Results of the numerical simulation of the Hora-dani debris flow. The legend
should be referred to Fig. 19.

— 16 —



B A LA - HROREY 2L =Y sy 483

HEREOSEEBINICENTOEHESTETHE L Ehbh b, 17, ERA®S 130m OE#HZ20H TR
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Fig. 21 Continued
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Table 2 Comparison of the happening times of some typical phenomena in
the simulation and in the actual data

Simulation Field data
Occurrence 7:45 7:45
Stopping 7:45:40 7:45 ~ 7:47 or 48
Flooding 7:47:40 7:47 or 48 ~ 7:50
Flow on the road 7:48 ~ 7:55 7:50 ~

HTRERT 5 v 7 R Nij-1 BREGEZE O, BHTIBHIOHERT 5 v 7 2 Mi,j Z3ETIHIC
EHRBT Vijj-1 ZRAVBIDIC Vi SREBMEEB>TLE 3o ETHYS, RIS OWMBIR 47, /)
RN, TOHFOHEEIBRICGHEI NIERLILE1DTHS. TNERBRT LD, —
BlELTROE S B FEDEZ DNE D, TIbb, REE 4(4/-1) BSEEIORS H il L,
Nij BIRATKRD 5,

hiyj-1—He

Nioi =015

ZRRBHET 3 RBECLRBEICH T AREROTRRT AHER Vi 2RDBELEVIELFTHEH
ZORSPIDOVTRE SIKRFAZET 5o

6. # E ]

ERICBNT, LERDEOBEY I 2L~ a YOFEAERL, ERICK > TZOBAWZERENID
BEEBIC, EERANOBABEOINC LIODWTHHERES TEHI L, BONIKREEENTZ LUTO
k5 TH 5,

1) TAFRREOEME TR, T ERB— R &S - RO & S REBE LTEY, ZRTHN
DFEFHIREREOZRNEINCT T, ARKICHT 30D ERABICRDES C &P T3,

2) TAWREERTUALE R & BEEIGE S AL, LAROES, ZOHRIC L - THE - B OH
TRt 2 Z 2 KEALT B ETH B, TOEERIL, Hik, #HE B IHEEO IBBIIRATEC
EMT& B,

3) KOS XUEBRERTOENDICTT 2HERIEEL S v V2 TOHRT 5 v 7 AN0ILIES
EHTITS CENTE, FRHONAETORBEIOEIMRIKEBES B ERORBAOZhLIZIEE LV E
WARBEHOKRDB L ENTES,

4) AvIialb—¥a VETHE LEROAESECEAOEAESEOC EMF O -T2h, AR
HHBORLEAIE, EBRLDOHRBEOTS LIESDBOMENSE 2 E5bh -1, HKLEDsE
KELTHRAKOBENDH 2 Z E5bh>THEDT, EEHEREXUENHBERIDVTE SitkEE
D B HEND B,

5) AVIalb—Va yEEEBOIAHLBCHULTHEALLEC S, +HOBRBEER--TED, ¥
BOMOER LR T 2HFELE, R0 EDMOEHIE TCORROHFEREHE > THE T Edbh- 7,
AFESSBROLAFMNEEZEL T LCHEABFRERMLT 200 TH L EDHBF LA, 72, &
H7r=v7k MOATRERBAISBINTED, 3oic, KRB TORBEIRREOTHLES DItk
AR BE~OBERZTRICT 572010, EFLORBER - TOL BELDH B,

B, AMROEACELT, #E7 075 2B UTHI—-BF, ERICH L OLEBEEOBI%
Bl BUTRHOBREET 50
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