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OCURRENCE OF SLOPE FAILURE AND MECHANICS
OF DEBRIS FLOW

By Kazuo AsuipA, Shinji EGASHIRA and Hiroshi SASAKI

Synopsis

Mechanisms of slope failure and debris flow are chosen for consideration. These two
subjects are discussed separetely in the present paper. For the slope failure, occurrence of
slump and slide volume are discussed, with attention forcused on the geometric characteristic
of wavy, impermeable interface of two layer model as well as on the characteristic of seepage
flow over the wavy interface. Stability analysis of surface layer shows that the slide volume
of each failure is closely related to the potential slide volume. The potential slide volume,
which depends on wave keight and length of interface, seepage flow discharge, slope gradi-
ents and so on, can be predicted by a stability analysis.

For the subjects on debris flow, discussions are made on the mechanical structure of
uniform debris flow as well as on the governing eguations, including the deposition velocity
of sediment from debris flow, Formulas, which are based on a fluid model of a quasi-
Bingham type, are presented for the velocity profile and the friction law of debris flow, and
compared with flume data. Governing equations for the running-out process of debris flow
are derived. These consist of mass and momentum conservation laws, and the equation
governing bed level. Erosion and deposition of sediment play an important role in the
running-out process, as does the solid-solid and fluid-fluid friction coefficients as well. The
formula of deposition rate presented here is tested by flume data. Numerical predictions
for the running-out process obtained with these equations compare fairly well with flume
data.
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Fig.2 Experimental apparatus.
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Fig.3 Particle size distribution curve of
sand employed in the experiment.

EBIZ, FROISICLTERSWELBICEL, LEBLORBHREESL 2 X5 HETHDOI,
CDLE, MBROEZFIMDEIHSICLTVE, 7, BHEMEISBVXIBR/GTINRREZHBL, &
BEBRBERI NS THRKERD 5. 2X¥cHBRD UBNEY, RARCERRENSERINS T TH
KEBRDZ, ZOXDCEREBHICREAHEPL, REMREI I TIhER TS, COB, 280 F+H
A 32RO THEORELEET &b, FENZ v 72EB LU TRBRAOEHOHAHREZRE LT

%o EHREBICHZEEGFBHEVWONTV S,

FEEEIIAOR, BE, E£EFBEOCHEALSHEICL-T Table 1 LS ICREINTVWS, T2, 0

— 3 —



510 AR R EAIER H305B-2 W62 4 (1987)

Table 1 Parameters of the experiments on slope failure

Run No. 6(deg.) L(cm) Dy(cm) a(cm) dso(cm) q(cm?/s)
1-1 25 60 1 6.0 0.173 1.0~2.4
1-2 7 Vi 2 4 Vs 1.0~3.4
1-3 7 7 3 ” 4 1.0~3.6
1-4 ¥ y 5 4 s 1.0~5.0
2-1 7 80 1 y y 1.0~2.4
2-2 % 7 2 7 4 1.0~3.2
2-3 4 4 3 ” ” 1.0~3.4
2-4 y ¥ 5 // v 1.0~4.6
3-1 30 60 1 y y 1.0~2.4
3-2 Y 4 2 y s 1.0~2.6
3-3 s 7 3 % 7 1.0~3.2
34 7 7 5 4 7 1.0~b.4
4-1 % 80 1 7 % 1.0~2.4
4-2 y 4 2 % 7 1.0~3.0
4-3 y 7 3 % ” 1.0~3.0
4-4 7 4 5 % ” 1.0~3.6
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seepage flow. face of two layers.
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Fig.13 Functional relation of potential slide volume in terms of seepage flow
discharge and characteristic heigtht of wavy interface.
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Fig.14 Functional relation of potential slide volume in terms of seepage flow
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discharge and slope gradient.

— 09 —

515



516 AP RS F0E5B-2 #E62. 4 (1987)

WS 0 DEAIIZ Ve BRERICIL S, BUROBRICBNT, ax DWNENEED Vi HIfRH 0x=0 Db
DITEELIZNDI, ax KRE > TELBOLTEBBRIL > TV EDLTH S,

Fig. 14 1%, Ve & s BXY Ly EOBFREAT-SDTH 5. BURDERIVRT LI, Le 2/HI O
BAITIE, g DUNELTH Vi WEET B, gx IS Ve OBIMRIT Ly BREIVIFEKRELLS,
L H5 oo TROBERERETIE Ve BREHICIE S,

Fig.15 13, Vi & ax BLU 0 LOBFREALSDTH B0 ZHICEIUD, ax KD Vi OHRIIRIT
0 OEBEHF VIRV, ERICEEINELSIC, 0 BREVBAIKIZ, ¢ WHEILTE Ve B
BEET 5.

BT B - 2 BEROBREEES 5 D RAEAROBERIC OV TAT /D, LROKREI, Bl
HEHEBINLD/S5 A — 2 KAXURELTNAT EZRLTNS, L LS, Fig 13~Fig. 15 iTR
THRER, 5A00RBEOLERBNT, BERBOBMICHE BETELREEE LIBRIGEET,
BT L B S OREDOMEE b - 7o & JICEBRICBESRET 20M0RMERE UTRUITH 5. FEIRK
ERET AL, COSACETIERPLETH B, kBT 55, o Fig. 12 [TRLCK
Sic, METETEEFHBETRBEOBRIBEINTHE LS ICEDN S,

3. THEROKEHA

3.1 #& B Al

FEEREIL, KIFOMFICBOTIZIBNE LD, BREOLREREICEEL TERICEESN
Tido ZHODMEILE T, Fig.16 IR &S BEABRTEHRNIC DO TR DD OB DR
BINTHE. ZhODH D, T HERFEOERCEENREEEZ TELEBbNE DDV TUTH
ELTHB.

EHEIE®, Bagnold ORFHEF NV (814 542 ¥ FikeE 7)) 2HABICER L TLAROREZ RN
DI BB TN Do 72721, Bagnold O FARBOTEETOREERELFEL T 570 ®, BE
REERTREFEHECISZ T A VE—HRIZEC SB, THROLBLFAKTCHEBRELZOT LITERE
Tt 3, BEOEF VAT NABRRERE—BENICEDZOMHLLDE, TOLIBECAHITERLT
WBDMhE LRI, i+ B - KRY 3, RTFEEICHES EHREERELIMICGE, LAMOHRA
ZEBLTVD. CORMBIRBNTIE, HEROEHRIZERBBFMCERINTOIRE, HEEROB
Bynbb, HEPLDOXFOEHEE TOBBOERSTA TRV, COEF VBV TRTOREERE
BET3ONEEEDR, ZCIERMBSIOTREVIERDNG, TNLIDDEFAMIEBNT, FA
WisAiz, ’RADLSICEDLENS,

T=t‘=F'(du/dz, d, ¢, @) +evreeees (12)

TTIT, 1 REFEAKIGS, dw/dz [3HEAE, 4
BHTFOER, ¢ REFORKEE, ¢ IHTHETD
5o

KE - BAD® 53, Hhics U THRRISDPREE
AFRHOEERHELTIODEER, I5IT, KT
RIS 2 v F—BRBBEEREL, 2F0LON
EFNMEREL

Tty Ty Ty eereereeressesesnennnanns (13)
zTic, T, REERISH, o BREEARIST, o R

FRHAMBHTH B LTI, 1 BLU 7, 3DEDL Fig.16 Two dimensional debris flow.



P - 1LER « fp 2 A L REREORE & SRR OB 517

SBBBEL D> TIN5,
ty=Fy (), du/dz) «sesesresserssnsennsnsrinesnnnn, (14) @ @

ty=F,(du/dz, d, e, ¢, @) +errrerreerreccaees (15)

/
T, 7 RIEEROEEESY, ¢« REFHEORRFKTH B, @ @ /é,
ZDEFNVICE, B i vE—BEO=DDERMETNT @

B0, 2D1HItKA) ORIFADFEMAE L <, F /25RO
i2EW0e Uipl, BRSTIZBALTH 3 EREKICET 5,
FH - TEPY 53, (LERSICHES B ofEie b Bg e ‘\?—
RTHERICENT, BELLCBLORANSIOBEEZRD % @ @
d

KHICEA T

Fig.17 Model for the length
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Table 2 Condition of flume experiments on debris flow

Run No. | 6,(deg.) | 6,(deg.) | ds(cm) | g,(cm?/s) | q,(cm?/s) ¢ h(cm) 5
D-1 18 10 0.391 24.2 42.0 0.349 1.70 0.102
D-2 18 10 0.274 27.9 42.0 0. 406 1.66 0. 0526
D-3 22 10 0.391 24.2 42.0 0.358 1.39 0.121
D-4 22 10 0.274 27.9 42.0 0.396 1.24 0. 0709
D-5 18 10 0.391 57.7 0.389 2.05 0. 0643
D-6 18 10 0.391 57.7 0.331 1.65 0.0614
D-7 18 10 0.274 57.7 0.324 1.65 0. 0654
D-8 18 10 0.274 . 57.7 0. 400 2.05 0. 0557
D-9 18 10 0.771 57.7 0.292 2.15 0.188
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Fig.19 Experimental results on the ratio of shape factors, (k,/k,)"2.
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Fig.22 Descriptions of the relation between
bed variation and equilibrium slope.
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Fig.23 Bed variations observed in Run D-4.
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Fig.24 Comparison of the predicted lines with eq. (34) and flume
data for deposition velocity of sediment.
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Fig.25. Comparison between formation processes of bed profile
obtained from flume experiments and governing equations.
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