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Debris Avalanches and Debris Flows in Urakawa River Basin
by
Hideaki MARUI, Osamu SATO, Naoki WATANABE
and Nobuyuki HOTTA

(Abstract)

This report interprets the physical and mechanical properties of the unstable debris deposits
in the Urakawa river basin. The Urakawa river basin locates along the great tectonic line
(Fossa Magna) in Nagano prefecture in Japan and is well known by frequent occurrence of
debris flows initiated by slope failures in the upper part of the basin area. Also in April 1992
a relatively large debris flow with the volume of 1 million m* has occurred. Various geotech-
nical investigations were performed in order to analyse the mechanism and the process of
debris flows. Especially the shear strength parameters of debris flow deposits on the river bed

were determined by using a ring shear apparatus.

Keywords : Debris avalanches, Debris flows, Geotechnical investigations, Shear strength
parameters, Ring shear apparatus.
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Fig. 2 Overview of the Urakawa river basin
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Table 2 Results of soil physical tests

w W, | W, I, Ip ps | Dy | Dy | Dy [ Dy | Ue |U " | BF | B8 Jonis it
9SP1 ||27.24 | 40.86 | 22.55 0.256 | 1831 | 2.670 | 0.80 | 0.36 | 0.093 | 0.002 | 400.0| 541 | 290 | 44 14 13
96P1 |[25.64 | 39.24 | 20.0410.292 | 19.20 [ 2.688 | 1.8 | 0.73 | 0.16 [0.0038| 473.7| 3.74 | 396 | 40 11 10
94P2 {{25.55]| 449 | 227 | 1.06 |22.23 [2714] 1.9 | 1.2 | 032 [0.005]380.0]|10.78]| 38 | 42 10 10

95P2 [ 29.24 | 54.58 | 32.23 |-0.134| 22.35 [ 2.679 | 0.5 | 0.22 | 0.044 |0.0013]|384.6 | 2.98 | 28 37 19 16
S6P2 || 20.55 | 41.00 | 22.05 |-0.079] 18.95}2.709 [ 2.2 | 0.90 | 0.32 |0.0090] 2444 | 5.17 | 42 44

7 9
94pP3 |130.09 | 499 [ 38.5 [ 539 | 11.4 |2.638! 4.1 | 3.0 | 1.30 |0.074]| 554 | 557 | 62 | 27 7 4
95P3 [126.16 | 44.62 | 33.41 |-0.647[ 11.21 |2.655| 1.9 | 0.83 [ 0.25 [ 0.02 | 95.0 | 1.64 | 40 | 46 9 5
96P3 [133.17 | 43.12 | 38.65]-1.226| 4.47 | 2.680| 2.0 | 1.2 | 0.50 [0.022] 90.9 | 568 | 40 | 49 5 6

w o BREKIE (%) D, @ 60%HE (mo)

w, [ HMEBR (%) D,, :50%N&E (m)

W, BEHER (%) D;, :30%HE (m)

I HtEREH D, :10%NE&E (m)

I, WBHEE U. H%RY

o  EHNFOEE (g cd) Ue ™ - HSR4R
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Fig. 5 Plasticity diagram
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Fig. 6 Particle size compositions of soil samples
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—comparison of soil samples from different years—
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Table 3 Results of in situ density tests

94P2 94P3 95P1
Pt 1.77 1.46 1.96 2 L IRMEIE (g cd)
ed 1.41 1.10 1.42 pa WEBREE (g /o)
e 0.93 1.41 0.88 e o [IMEL
Sr 75.2 60.9 82.6 Sr @ RUAIE (%)

3—4 BXEE-  RIBERR
TOTHMHRIEZOTEE S 23HMBILE FRCHEBRELTE Y, HICDEL T, BB TkE
EREZRETIEELRAFL L > Twb, HERETHOLOEE O 24EEL LT, Fotn
IO ) BHRLELTRBERIBARBLOBDEDNRICH D PERTHGEEFAVWLNE, £
ZRDLHWY 5 2EENRMMILOBWRICL > TKRES RLBDT, FLITOWTRK - B/ FE
RBRE2T-1ET, dRKEBICBIPNLLOEE ZHMNEE CHMET 2 LB H 5,

Z C ClIHEXTEEDr 2 —e

max

Dr = _eTeTnm— (%) (X-1)

max

CE->TE#HL, EHRBONFOERLMANEFEZEBL TR T L 2RA 5, SBRFEILFER
& LT TH#2nidE (JSF T 161-1990) Iofé-7c, lHE S MBIV 2 kLB FIFEE (L 2
mhBVEIEHAL, 75umib ViR ERET AW TH L, LArL, ARERTII4.76md. 5\l
BRETIT-> T 5,

HRRBERIEIE -4 ICREN BN T, WREEpdB AT > -HHIRRICE 1T 2R ETK 2
BFWwLTBD, 94P2, 94P3, BPLICWL TIIBREFETLH 5, pdpax, pdmin iTZNFHEK
FE - RADEERRICIAERFETH LY, KOLNGHKEE - R TEIIRBRFEIC LT
P NEHFRLEILICBELLTE L 6%, ANEEDrIFBROKLERICI VELN € nuy,
min PHRUTL > TRDEND, —f%ic, HNFHE L& E D RAOMICI,

0 < Dr < 40% 5ok ))
40 £ Dr < 65% th
65 < Dr = 100% Lol )

DRSS HBEHEZ LN, BB L2NEL/7294P2, 94P3, 95P1ADric > TR 2479 &,
94P 25 Dr=87.2%, 95P1HDr=89.1% & 7% ) HhHERREIC B2 N TED, £ LIHP3IH
Dr=26.9% L iR WHERRIBIc B TwWiel L b » 5,
3-5 #EBMYPYOIRNHE

R L 72 HER & £ oo T2gMsriE (JSF M 111) c#E L €, RIERBRER LR — 5 nBHER A
LA LA, RGN - o =ZmEEICREN B @MY THD, LANEMMTHE95P1, 96P1,
94P2, 95P2, 96P2(3, “WFh LW {SC} o EN, HLRFEBOREHIMUPIH» N
FPEUDEE {GPM}, 9BP3» TN FELIE {SWML, 96P3»> 2L D® {SPM} 48
3hb,
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Table 4 Results of maximum and minimum density tests

p min p max pd Emin emax e Dr

95 P 1| 1146 | 1463 1.42 0.825 1.330 | 0.880 89.1
96 P 1| 1.168 | 1.464 1.42 0.836 1.301 0.893 87.7
94 P2l 1.173 | 1453 1.41 0.868 1.314 | 0925 87.2
95 P 2| 1.026 | 1.340 1.33 0.999 1611 1.014 97.5
96 P 2] 1.120 | 1394 1.42 0.943 1.419 | 0.908 107.5
94 P3| 1.041 1.300 1.10 1.029 1.534 1.410 26.9
95 P 3| 1.034 | 1346 1.10 0.973 1.568 1.414 25.9
96 P3| 0906 | 1221 1.10 1.195 1.792 1.436 59.6

p win | BNEERIRIC L 2RHOEREE (g./ o)
o max | MAEESRRICLIABOERERE (g ./ o)
pd. AEDERERE (g o)
emin - AR X 2 OB
emax | BU/NEBERBRIC L 2 B ORI
e . HAEOBBRL
Dr : HXEHBE (%)

95P1 ¥51:%E® (SC)
96P1 ¥+#® (SC)
94P2 #1E® (SC}
95P2 f51®Ry {SC}
96P2 f+#®y (SC}
94P3 INWVFEUDE {GPM)
95P3 I HFEUDE (SWM)
96P3 N hEUO®H {SPM}

¢O0mMO oD >

-9 LEEOTFENSH

Fig.9 Engineering classification of soil samples
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Table 5 Density variation during shear process

X IE W B el ¥— 7B R
0.25 kg f/cdl 1.65 1.65 1.67
95 P 1 | 0.50 kg f/cdf 1.42 1.73 1.73 1.74
0.75 kg f/cd 1.74 1.74 1.76
1.00 kg f/cd 1.77 1.76 1.77
0.25 kg f/cd 1.63 1.63 1.64
96 P 1 | 0.50 kg f/cd 1.42 1.62 1.61 1.62
0.75 kg f/cd 1.67 1.67 1.67
1.00 kg f/cnf 1.77 1.76 1.77
0.25 kg f/cdf 1.65 1.64 1.65
94 P 2 | 0.50 kg f/cd 1.41 1.67 1.66 1.68
0.75 kg f/cnf 1.70 1.69 1.70
1.00 kg f/cof 1.77 1.77 1.79
0.25 kg f/cdf 1.55 1.55 1.55
95 P 2 | 0.50 kg f/caf 1.33 1.67 1.67 1.67
'0.75 kg f/cnf 1.75 1.74 1.74
1.00 kg f/cdf 1.72 1.72 1.72
0.25 kg f/cd 1.55 1.55 1.58
96 P 2 | 0.50 kg /cdf 1.42 1.57 1.54 1.56
0.75 kg f/cdf 1.68 1.67 1.68
1.00 kg f/cd 1.62 1.62 1.62
0.25 kg f/cd 1.33 1.33 1.36
94 P 3| 0.50 kg f/cd 1.10 1.34 1.34 1.38
0.75 kg f/cd 1.38 1.38 1.41
1.00 kg f/cdf 1.39 1.39 1.43
0.25 kg f/cdf 1.18 1.18 1.20
95 P 3 | 0.50 kg f/cd 1.10 1.25 1.25 1.27
0.75 kg f/cdf 1.32 1.32 1.35
1.00 kg f/cdd 1.28 1.28 1.31
0.25 kg f/cd 1.20 1.19 1.20
96 P3| 0.50kg f/cdf 1.10 1.31 1.30 1.33
0.75 kg f/cd 1.31 1.30 1.33
1.00 kg f/cif 1.32 1.31 1.34
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Table 6 Shear strength parameters of

soil samples

94 4 FERAUHKL
¥ TN 94 P 1 94 P 2 94 P 3
¥ —ZHEICBI 2 NEERA ¢° - 37.50 33.18
TRERTREEIZ BT B NEREEEA) ¢’ - 28.06 28.41
RENT O kg f /o - 0.026 0.026
95 4F EEFRILGLR
VA% 95 P 1 95 P 2 95 P 3
¥ - MEICBIT 2NEEEEA  4° 36.98 36.20 36.83
TREREIC BT HNEERA 47 28.35 24.17 28.24
RiNToED kg £ /o 0.025 0.058 0.049
96 4F BERRIUEURE
A 96 P 1 96 P 2 96 P 3
Y -7 BB 5 NERBEEA 47 38.29 37.26 40.20
TRAEREIC BT A NEREEEA 47 29.79 29.34 29.85
REHNT D¥EE N kg f /oo 0.053 0.072 0.056
[95P 1]
1 1
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Fig. 11 Relationship between normal stress

and shear stress (1)

Fig. 11 Relationship between normal stress

and shear stress (2)
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