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Fig.1.2 Definition and concept of the surface failure
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Table 2.1 Area and number of collapses (1982 disaster,Koshibu river)

£2.1 A TR (1982FEKE, /N&ID (B : m)
Geology Shimanto.t | Chichibu t. | Sanbagawat.| Granites Total
Catchment area (ki) 44.72 29.90 42.93 54.99 172.54
Collapses area (100nf) 637.00 1076.90 796.90 1639.50 4086.30
Collapses number (n) 262.00 274.00 339.00 661.00 1536.00
z Areal ratio of collapses (%) 0.15 0.36 0.19 0.28 0.24
] . .
2 N“mbe““g(ff%?ﬂ)of collapses 5.86 9.16 7.90 12.02 8.90
Average area of collapses 2.57 3.93 2.35 2.33 2.66
(100t n)
Collapses area (100nf) 5141.50 1125.80 1082.90 906.50 8256.70
52 Collapses number (n) 415.00 116.00 143.00 265.00 939.00
§ Areal ratio of collapses (%) 1.15 0.38 0.25 0.16 0.48
g ; .
§ Numbering rato of collapses 9.98 3.88 3.33 4.82 5.44
B Average area of collapses 12.39 9.71 757 3.42 8.79
Collapses area (100nf) 5814.50 2202.70 1879.80 2446.00 12343.00
Collapses number (n) 677.00 390.00 482.00 926.00 2457.00
= Areal ratio of collapses (%) 1.30 0.74 0.44 0.44 0.72
B Numbering ratio of collapses 1514 | 1304 | 1123 | 1684 | 1434
Average area of collapses 8.59 5.65 3.90 9 64 499
(100t n) ’ ’ ’
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Table 2.2 Average depth of surface—layer collapses
by geological features and collapse area(Koshibu river)

#2.2 MERIFEDERIEBER (NEID

Area (nf) 200~ 400~ 600~ 1000~ 2000~
Geology ~200 400 600 1000 2000

Alluvium ; diluvium 0.58

Shimanto t. 0.80 1.33
Chichibu t. 1.16 1.30 1.57

Sanbagawa t. 0.96 1.21

Granites 0.99

Metamorphick rock 0.84

—7, B2 RERY & FTR R A BT S ’
AREOBAFRERL 72, BRI IEBIGR 338
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Table 3.2 (1) List of results of soil analyses
#3.2 (1) +EHEBREE-EF
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xHES 1 2 3 4 5 ] %
RIS a b c c c
BREES (m) 0.4 0.8 1.0 1.3 17
44 Ne 18 2.3 78 16.5 18.0 29.5
PEEB AR (88D Ks(ems) {4.38X107% | 6,33X107* | 1.92X 1077 | 1.81X 107 { 4.00X 10" | longKsv=—0.033Nc—1.593
PR GRS (KF) Ks(em,/s) | 2.87X107% [ 4.14X107° | 2.06 X107 | 1.41X107? | 4.84X10* | longKsh=—0.027TNc—1.962
L % 15 15 12 15 27
B €9) 54 51 52 54 49
Yk (%) 20 22 22 20 16
» o+ (%) 11 12 14 11 8
Dmax (mm) 315 26.5 26.5 19.0 53.0
De (mm) 34 34 26 3.2 18.0
Da (zm) 0.58 0.47 0.41 0.52 0.90 D60=0.0115Nc+0.406
Ds (nm) 0.35 0.27 0.23 0.33 0.55 D50=0.00744Nc+0.236
Ds (mm) 0.067 0.048 0.041 0.065 0.16 D30=0.00333Nc+0.0268
Du (om) 0.0042 0.0039 0.0025 0.0042 0.0075 | D10=0.00011Nc+0.00283
Dm (mm)
HERE Uc 138.1 1205 164.0 123.8 1200 | Uc=—0.332Nc+138.20
A Uc 1.84 1.26 1.64 1.93 3.79 Uc’ =-0.0751Nc+0.978
% ® WEL BE+ BE+ wEt BE+
IR FOHE Gs 2.711 2.708 2.723 2.712 2719 | Gs=2.715 (—%&)
EREE 7 (g8 /abd) 1.253 1.502 1.434 1.524 1.574 7 d=0.0095N¢+1.317
HRIERE y .« (8 /) 1.582 1.796 1.725 1.797 1.789 7 t=0,0057Nc+1.654
BAFORERE 7 <0 (8 /) 1.791 1.948 1.908 1.962 1.995 75=0.0061Nc+1.831
KR 7 aun (8/ad) | 0.791 0.948 0.908 0.962 0.995 75=0.0061Nc+0.831
fafnge Sr (%) 61.3 66.5 61.4 62.6 51.9 Sr=—0.392Nc+66.55
BRSKH w (%) 26.3 19.6 20.3 17.9 136 W=—0.406Nc+25.55
fafna /K ws (%) 429 29.8 33.0 28.9 26.9 Ws=—0.470Nc+39.26
HRE KR 8 (%) 33.0 29.4 29.1 273 21.6 6 = —0.384Nc+33.77
REBREL e 1.164 0.807 0.898 0.784 0.730 | e=—0.013Nc+1.065
FEBREE n (%) 53.8 43 47.3 439 42.2 n=—0.336Nc+51.28
AR LL (%) 324 306 38 28.5 35.1 LL=317 (—%&)
BHERR PL (%) 185 18.3 18.8 7.7 20.7 PL=188 (—&)
R Ip 13.9 12.3 13.0 10.8 144 Ip=129 (—®
avyRFvy—EHIc 0.84 0.86 0.87 1.05 157 Tc=0.0026Nc+0.653
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Table 3.2 (2) List of results of the box shear apparatus
#%3.2 (2) —HEEANMBBREE—RER

e ES 1 2 3 4 5 % = 1
RN a a b ¢ c
BB (m) 0.20 0.55 0.85 1.15 1.55
B3 Ne f& 33 4.0 6.6 10.6 15.0
¥EH  clgf/ud) 27.21 17.11 0 0 ¢=30(N¢ ¢3),c=—10(Ne—3)+30
HEEERA o ) 34.07 33.12 40.58 42,00 ¢ =(30Nc) “*+25
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B ERT EEB.7,380 kDB, Thick
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521 ¢ =y 30Nc+25

1
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TREGORFKOBEHLET DI Fig.3.8 Relationship between cohesion

+EOBAFI AR 5 BEN D 5, —HICT and Ne-value

BoZEKFRBIETBOESKRILE L TERILT 545, FRE TlRIEOIMREIC BT 2 ZKFEHE
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Table 4.1 List of hydrological observation instruments
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Table 4.2 List of rainfall variations

4.2 BRRAE-KE

Items Maximum Mode
Continuous rainfall _
(Rt m) 127.500 30—40
Maximum hourly rainfall _
(Rd m) 45.000 5—10
Duration of rainfall _
(Tr hour) 163.000 20—30
Time from rain started to peak of rainfall 90.000 0-10
(Tp hour)
Concentration factor of rainfall _
(C=Rt/Rd) 0.826 0.1-0.2
Position of rainfall peak _

BV, TRbL, BHAMBDCRIDKBERESEILIBENRBLALLEL LI LD
%, Wiz, KRG (Tr) ORAMHII163 BiTth 3, £ LT, 20~300HOBEO 5D %
HEALGBROEV. T, BOEDHORAKMRRRERZ X TORMIc> VTR, Y- 7K
(Tp) i3 1~k % TOLEDB D BRONEM, 0 ~1005EOMER D &% 2 B & A HBHIR

BHRHE N T 3 BEAEEREO 5» 38AI>VTiR, BhE (C=Rd/Rt) OEKEZ
0.826TH 3, 2L T, 0.1~02 OLEDIEAHRGE, HEHEMEVKE, BPELREVY
4 — v OBMARSN B RIDRBORET ZERESEV, i, BRARERICNT S
B0 i S BRAEIRNERERLF ToREo 50 38|14 (S=Tp/Tr) Ko2WVWTE, 0~1
ETOEEELODTHY, FRICE— 7 BELBAICIB05 &85, 4.2 c&hiF, 0.4~05
OEDBZEEVRLEL, BFOohRIE-70R LRI OHE,

PEOBROS> b, HEHOKAEHORESIEETE, MEAER LEMIcE W THTF KA
FRL, polBKEERIE NS Fo 75 7880 -BRRIKEEPELET 20, hoOBRNR
SEEIBONALDIZINSEEA2H~IHOBERTH 5,
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Fig.4.4 Variations and specifications of tension of soil
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Table 4.3 Variations in soil moisture tension

#4.3 HHOKSYRS OEHRE

Items Site Depth Maximum | Minimum Mode
» ) N A 0.5 1.09 3.462 1.56—-2.0
Initial moisture condition B 05 151 2 925 15-2.0
(pF —value)
D 0.5 1.15 2.225 1.5-2.0
The lowest pF value D 0.5 0.44 3.002 1.6—2.0
Fall of pF value D 0.5 0.00 0.710 0-0.1
D 0-0.5 2.00 59.500 10—15
The time lag until pF fall D 0.5—-1.0 1.00 34.000 0—-5
(pF~—value) | D 1.0-1.5 1.00 34.000 0-5
D 1.5-2.0 4.50 26.000
D 0-0.5 0.23 6.940 0.5—1
The apparent
coefficient of D 0.5—1.0 0.40 13.900 1-2
permeability (X10°* e se0) D 1.0-15 0.23 13.900 2-3
<10
s sec D 1.5-2.0 0.53 3.100 1-2
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Table 4.4 Variations in ground water level

#4.4 TG OEKEIRE

Items Site Maximum Minimum Mode
Ground water level D 2.310 0-0.5
when rain started
(m) G 0.490 0.3—-0.4
The time lag until D 76.000 12.000 20—30
ground water level rise
(hour) G 79.000 0.000 0-10
lRiS(i of ground water D 2.630 0.280 0.5—-1.5
eve (m) G 1.230 0.010 0-0.2
Rate of ground water D 7.570 0.410 1-2
level rise
(x10°* m_/g) G 5.690 0.060 0—-1
Rate of ﬁround water D 0.542 0.145 0.1-0.3
level fall(1)
(X107° m_/g) G 1.190 0.204 0.6—-0.7
Rate of ground water D 1.000 0.100 0.4—0.6
level fall(2)
(x10* m /) G 1.000 0.030 0-0.1
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Table 4.5 Variations in discharge

F4.5 WEROZHRKR

Items Maximum Minimum Mode
Water level when rain stared (mm) T1.4 4.50 10—20
The time lag until water level rise (hour) 43.0 1.00 0-10
Rise of water level (mm) 86.2 1.60 0—10
Rate of water level rise (X107* m_/h) 8.1 2.00 0-10
Rate of water level fall (x107* m/h) 1.5 0.03 0.2—0.3
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Table 4.6 Characteristics of slope hydrological moisture variations
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Fig.5.1 Situation of generation of saturated zone in slope topsoil
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Summary

In recent years many natural disasters have seen significant damage caused
by sediment discharge. Therefore, one of the preliminary subjects involved in the
planning of disaster prevention and protection of exposed areas should be to keep
track of slope failures and the potential yield and discharge of sediment into
intermontane basins. However, there are still many unresolved issues related to
the collapse of unstable sediments deposited on slopes and stream beds and the
discharge of sediment into water channels. A definitive model to establish quan-
tities and qualities has not as yet been developed. This paper reports on the re-
sults of a study of a model of an intermontane slope that was constructed to
carefully replicate the distribution and profile of soil layers at an actual site. Soil
surveys, including simple penetration tests, were performed at the site to deter-
mine soil properties, which were then incorporated into the model. In addition,
hydrological observation gauges were installed on—site to continuously measure
rainfall, groundwater levels, and soil moisture. These were used to establish typi-
cal models that could reproduce the process of surface failures based on the re-
sults of analysis of the relationships between soil properties and the hydrological
phenomena of slopes. Furthermore, a three dimensional model of the project
slope that could reproduce variations in soil moisture was developed in order to
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analyze the variable saturated and unsaturated infiltration flows corresponding
to the results field observations. Since the results obtained from this model may
vary depending on the given conditions of initial moisture, moisture characteris-
tics, and coefficient of permeability, it was decided to perform a sensitivity analy-
sis of the model to predetermine the possible effects of such conditions on model
calculations. Based on the results of a series of these studies, temporal and spa-
tial analyses will be attempted to understand the process of saturated zone for-
mation and expansion on the slopes of a mountain range and the mechanism of
surface failures. It is hoped that this will serve in the future development of sedi-
ment disaster prevention planning.

In Chapter 1, an attempt was made to state the objectives and methods of this
study and to provide a general description of the subject of study. Major items to
be studied and analyzed include the distribution and properties of the surface soils
of the slope, actual hydrological variations in the slope, and analyses of soil mois-
ture variations. The project site was selected from among the typical torrential
rainfall areas located in the upper reaches of the Tenryu River. A small slope on
a mountain ridge, located in the Nozasa district, Takato — cho, Nagano
Prefecture, was selected as the model slope. The project site is situated at an ele-
vation of 840 to 976 meters in an intermontane basin 0.1 ki in area, with ground
surfaces sloping at 30 to 40 degrees on the average. The bedrock at the site con-
sists basically of granite. A steep slope approximately 9 meters in height has
been formed on the slope at the head of the basin, and small perforations, showing
traces of channelized flow, can be observed there.

In Chapter 2, the 1982 disaster was discussed. This case was selected from
among many examples of sediment yield and discharge occurring in 1982 in the
upper reaches of the Tenryu River. An overview was given of the surface failures
that occurred on hillside slopes. The surface failures which occurred in this dis-
trict were from 260 to 860 square meters in area, with the depth of failure ranging
from 0.58 to 1.57 meters. Although such values may vary slightly depending on the
type of soil, such incidents can be discussed basically from the viewpoint of rain-
fall and the specific features of the surface soil. There is such a wide dispersion
in distribution patterns however that when the relationship between collapsed
areas of surface layers and rainfall is to be analyzed, the conclusion has been
reached that it is necessary to consider slope failure as a physical phenomena,
rather that just only considering it statistically based on relationships to rainfall
as has been the case in past studies.

In Chapter 3, the distribution of surface soil layers and their properties were
discussed. An attempt was made to classify the profile patterns of surface soil
collected from the results of soil surveys and simple penetration tests. As a re-
sult, it can be seen that profile patterns, as expressed in Nc—values, tend to vary
gradually on all surfaces. For this reason, it can be presumed that the surface
soil of this district has weathered under stable conditions or that it consists of
colluvium deposited after collapse. Next, soil tests were performed on all soil de-
posits, classified by Nc—value, to determine the properties of each surface layer.
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The various soil data were analyzed in relation to their Nc—values to understand
the soil data as spot data relative to location on the slope. The result was that
points of variation in soil layers and profile patterns were observed in locations
with Nc—values of 5 to 10 at depths from 0.5 to 1.5 meters. It was concluded that
the properties of surface layers of slopes may vary with such areas as a bound-
ary. This indicated that such surface soil layers may well be the point that clari-
fies the mechanism of surface failure from the standpoint of the profile patterns
of soil.

Variations in moisture in the surface soils of slopes, based on results obtained
from hydrological observations of slopes on mountain ridges, were discussed in
Chapter 4. As a result of field hydrological observations, data were obtained on
the variations in the moisture contents of soils caused by rainfall, and typical
variation patterns in hydrological phenomena that respond to rainfall were as-
sembled. When the initial soil moisture was saturated at the start of rainfall and
the rainfall was short in duration and high in intensity, ”incremental patterns”
that clearly exhibited a lowered wet line in the soil were observed. Typical pat-
terns showing a rapid rise in groundwater level and a rapid increase in quantity
of runoff were also observed. Such phenomena are peculiar to gradual variations
in the profile patterns of soil. This indicated that the important issue would be to
explain the hydrological variations of surface soil layers based on rainfall and ini-
tial moisture conditions.

In Chapter 5, attention was given to significant phenomena in relation to the
mechanism of surface failures, based on the results of hydrological observations
of slopes on mountain ridges. The positioning of such phenomena as premonitory
symptoms of collapse was also examined. As a result, the erosion and displace-
ment occurring at the headwalls of basins during rainfall were clarified.
Moreover, with regard to the expansion of saturation zones at the foot of slopes,
it was found that the saturation zone expanded in a continuous rainfall of only 30
mm depth with the subsurface moisture retention capability of 50 ce H,O (pF 1.7),
while the saturation zone did not expand unless continuous rainfall reaches a
depth of more than 110 mn when the subsurface moisture retention capability was
160 cm H.O (pF 2.2). When the groundwater level increased by more than 2.7 me-
ters at point "D”, variations in ground level were observed at the headwall of the
basin. In addition, channelized flows occurred with a continuous rainfall of 120
mn and a peak rainfall intensity of 24 mm per hour. Approximately 1.5 mi of sedi-
ment was blown out of a 12 em diameter pipe. This point is of great importance in
determining of the mechanism that causes surface failures.

In Chapter 6, model simulation analyses were performed on variations in soil
moisture in the surface soil layers on slopes at the ridge of the mountain. A new
three—dimensional model was created for reproducing non—steady saturated or
unsaturated infiltration flows, using differential calculus. Analyses were per-
formed on a computer by numerical simulation using this three — dimensional
model. Some problems could not be solved through the analyses, but the sensitiv-
ity of the model in responding to variations of parameters was ascertained, and
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actual variations obtained from field observations were successfully reproduced
by calculation. For rains heavy enough to cause sediment flows, it was found that
a widespread saturation zone will initially form on surface layers with Nc—val-
ues between 5 and 10 in the area from the foot of a slope up to the middle of the
slope, and that the saturation zone will later expand over the whole surface area.
This suggests that the surface layers of soils with Nc—values between 5 and 10
are initially the most unstable. Since this corresponds to the locations of slip sur-
faces on collapsed slopes, it is considered that this finding may be very important
in elucidating the process of surface collapses occurring during heavy rains.

In Chapter 7, a description is given of a comprehensive study of the formation
of saturation zones in intermontane basins and surface collapses, based on the re-
sults obtained from study and analysis. As a result of slope stability analyses
based on the profile patterns of surface soils and soil structural characteristics
studied up until now and on the collected hydrological data, it was found that the
safety factor was lower at points that projected upward from the longitudinal
profile and was the lowest at points with Nc—values between 5 and 10 at depths
of 0.6 to 1.4 meters. These results match well with the surface failure phenomena
in the project drainage basin. Conversely, groundwater levels were observed in all
surface layers during the rainfall of August 1982 (when heavy rainfall caused se-
rious damage). Safety factor calculations showed the lowest value of the safety
factor to be 0.760, found at a location with an Nc—value of 10. The next —lowest
value was 0.908, at a location with an Nc—value of 5. Since the safety factor of
each soil layer is at least 1.0 during normal rainfall, it can be presumed that such
surface layers are relatively stable. During heavy rains, the safety factor of soil
layers can drop below 1.0 in soil layers with Nc —values between 5 and 10, and
sediment flows can occur as surface layers become unstable and fail.

The mechanism that causes surface failures may be understood as follows
based on the results of all analyses performed to date. This mechanism can be
explained by the expansion of saturated zones and the weak surface soil layers.
It has become possible to explain rainfall and the expansion of saturated zones in
soil layers, among the many factors that may significantly affect surface failure
phenomena, based on the relationship between rainfall and initial moisture condi-
tions. On the other hand, the locations where surface failures have occurred were
the unstable surface soil layers of slopes, namely relatively weak layers (struc-
tural gaps) in the surface soil layer. Such locations are soil layers with the lowest
safety factors, whether analyses are performed by the infiltration flow method or
the soil stability method. Therefore, in the future it is considered that it will be
necessary to plan appropriate measures with a focus on the relatively weak soil
deposits of the surface layers, to be able to understand surface failure phenom-
ena. In setting up slope control plans for drainage basins, it will be important to
provide soil profile controls and hydrological information controls. We would
like to suggest here that in the future it will be vital to construct a rational, sys-
tematic slope control network.



