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Study on Slope Failure Caused by Heavy Rainfall
and Erosion Control*
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Locations of investigated areas.
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Fig. 2. Totographical profile at the line A-B shown in Fig. 1.
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1. National forest 2. Hokkaido prefectural forest
3. Town and private forest
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Fig. 7. Profile of forest (belt-1, coastal slope of Toyosato).
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Table 1. Number of standing trees at every height classification

Sveci ) height (m) total

pecies . (sign) -3 as e (No.)
Quercus dentata B v v (Q) 3 12 1 16
Salix sachalinensis FHAYFF (S) 3 3 6
Prunus sargentii ENV At A (Ps) 2 2
Sambucus sieboldiana var. miguelii =7/ =9 } =2 (Ss) 2 2
Morus bombycis Y = 7y (M) 1
Betura platyphylla var. japonica v A VA (B) 1
Magnoria kobus var. borealis *xa7T (MDD 1 1
Acer palmatum var. matsumurae Y=% 3 (Ap) 1 1
Quercus mongolica var. grosseserrata I X F S (Qm) 1 1
Viburnum dilatatum A= X3 (V) 1 1

Salix integra FEE R o (Si) 1 -

total  (No.) 14 16 3 33

&) * MATESSsKERAE (1)
Note * coastal slope of Toyosato, Monbetsu-cho (belt-1).
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failed everywhere (belt-2, Kiyohata).
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2 HBEMNEAEES% (o029
Table 2. Number of standing trees at every height classification
height (m)
Species (sign) total
1~3 | 3~5 | 5e7 \ 7~9 (No.)
Quercus dentata I Q) 3 21 4 28
Viburnum dilatatum #= R 3 (V) 3 3
Robinia pseudoacasia ~V = v v = (Rp) 1 1
Kalopanax pictus ~YFY (K) 1 1
Ligustrum obtusifolium 1 % /% (L) 1 1
Euonymaus sieboldianus —= = 3 (E) 1 1
total (No.) 7 3 21 4 35

) * PN EFamRKERRE (<4 2)
Note * coastal slope of Kiyohata, Monbetsu-cho (belt-2).
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Fig. 9. Profile of forest (belt-3, coastal slope of Seppu).
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£-3  HEEBIURKSE (Lo 3¥)
Table 3. Number of standing trees at every height classification
: ; height (m) ‘ total
Species sign i }
P B | 13 ‘ 3~5 5~7 | (No)
|
Quercus dentata b (Q) ‘ 3 12 11 i 26
Kalopanax pictus -~V %) (K) | i 1 | 2
Populus alba Y F YRy (Pa) ‘ 1 ‘ 1
Morus bombycis Y=27v (M) 1 | 1
Amorpha fruticosa A & F % (Af) i 1 ‘ 1
total  (No.) | 5 14 | 12 i 31
) F RN E KR A (<o - 3)
Note * coastal slope of Seppu, Niikkappu-cho (belt-3).
MooRE A
MEETRICIT A - PEE 2 b D25, ARBNEA W) ER O AN & 2 2 e fEL

—f= 4

TR BDOREECE L LTS, T THMPIN SO BIERTCRE L O
i, SEOIWERAREL THAFFUBLEKOEE X EL TS, £ L THRADEAITIE
HLDRBMAVREERLT V5 (FH-2),

[X-10 1% 70 BT S B0 P A e R L it D RS s 1 Aol A~ » » X
Thh, R-4ZLOBREMEINARESETH D,

LAYy FHIE, M-12 HIZR IR TV S HK a2 KRk 50 ThH B, —F K-11
R0 2 REMBEORRK AR Licad, M52k Ta-b kLK O HEE @2

ZBEOWRZ FALHEIZRE L 7o THT LEKER, KH,
Bt A B LA (SR HX)
The debris including many logs flowed down burying the
houses, rice field and meadow (Toyosato).

Fa -2

Photo 2.



mEAFRERHBRFTRRE #4008 1%

.

[ l Ay f Q / 4’
a3 5, X
el N\ 7
‘Tf;?i‘ % ) N
a i' ’l | \\' , | s
Ay vy 7 N a
P\
Sm A

BH—10 #HEEE A7 » > B (BF0EKARAE, <o+ 4)

Fig. 10. Profile of forest (belt-4, shown in Fig. 12. as the line a-a’,
inland slope of Toyosato).

¥—4 BEEINEEESE (o4
Table 4. Number of standing trees at every height classification

] ] height (m) total

Species (sign) | 13| 3~5 | 5~7 | 7~9 [9~11[11~1313~15 (No)
Acer mono A2 Hh=F (A) 7 4 4 4 3 2 24
Sorbus alnifolia TREF Y (Sa) 2 1 3

Quercus mongolica var.

grosseserrata IX> 3 (Qm) 1 1 2
Prunus sargentii =Y =¥2 35 (Ps) 2 2
Fraxinus lanuginosa TAEE (F) 1 1
Rhus trichocarpa YooY (R) 1
total (No.) 9 4 6 3 4 4 3 33

BE) * MRS ppESE (< 4)
Note * inland slope of Toyosato, Monbetsu-cho (belt-4).

B—11 HEEELERE (BSRKABREE, <4+ 4)
L gt 2 Ta-b KIWKZSSURML 3 F8, B, Ta-b KUK 675 HE
4. Ta-b XIUKM 5. v b, HLEL: 6. FIl, P2 OhsEBRE: 7. L8 ()
Fig. 11. Profile of surface soil (belt-4).
1. Humus 2. Humus included much of Ta-b tephra 3. Colluvial deposit consisting of
gravel, sand and Ta-b tephra 4. Ta-b tephra layer 5. Silt and clay 6. Weathered
bed rock consisting of gravel and sand 7. Bed rock (conglomerate).
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Fig. 12, Distribution of tephra on slope (inland of Toyosato).

1. Slope with the Ta-b tephra 2. Slope without the Ta-b tephra 3. Bare bed
rock (conglomerate) 4. New scar 5. Old scar 6. Belt-4 7. Ridge.
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Fig. 13. Distribution of slope failures and clissification
of topography.

1. Terrace and hills 2. Alluvial plain 3. Slope failures.



SIS X 2 FEPE & bR 5% (NEFSE) 245

MDA BRD, BB ARTCRET % BB IESR 7 X 5 ek SR o B
CERT 20 EE2 RS, Thbb, AMAREEFRHCHEITELHTHEHF LT 5 Dk
LT, HAOWLEME (BEE) PAGE LR Tw5RDTHSL (M-2 21), FIHEERC
RS R Lkm Ciifc e WAPBRERIZMTL T D, TORBESHIICH S DRENTEA
LTk, BEEEALTRIEL, SOHnCoBER L2 < Abhic, GHEIEH
DEEESCHBEMNEIRARBREORA TH A DEEORGIEREATH S,

2) 2 ELEH

FREED L F T M B Zh 3209 = 2 CIRAE LR Th D asic
IoTRS L, TORBEN-14 W RTLIoC4 2 EINT,

AsrA73EREBEIEBLVHETDLZA 7 THD (BH-3), EE+DEX350cm
BETHY, AARPEAOBRZINEIDSHIRTWT, Wb BHRED 2R LT3,
PRtk S B LR ELSAERTH D, FERERIECESE AZET 5, flEHOBARO
TEHADHBELTWSLDNMEEAETH DY, FHEM L MHEMERS L TH Y &0 LD
L, WHEOMCHAY GERAR KEETLIESLNDD, HLIEBEEOR/ LRI E

14 HE 0 5 8 T2 : _
A RBHER B OHEMETY C REHEHHEE EBm 3 A a7 (REHEE) ORET

D. [ESEHER Y R EEE AT LT b b T I A
Fig. 14. Classification of slope failures. DEHT S (AHX)

A. Surface slide type B. Bed rock slide type C. Photo 3. A type (surface slide type)

Terrace deposit erosion type D. Talus cone ero- slope failure. Hard bed rock lay bare

sion type. after sliding of surface soil.
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Photo 5. B type (bed rock slide type) slope failure. Deep weathered bed
rock fell down to the sea burying the national road and the rail
way (Higashi-Shizunai).



LTRSS KRBT a0 (MR 247

BUIELAHR L FOFHACRY, G LOXRBREERT I LIk - TH ) =ik VERRIC
RET D (BH-6), “OxA 7O, FHE Lot f, Ml L CBERBCELL
THRAIR T2 L AR ET HHEALRZLND,

D 24 %, Bl UEA OGRS hic B iEE, 55 IS EY o
RUGIC A DAL D WPREHEA Ve - BT 24 D TH S (HH-T), 2021 TR A 214 7 LR
TELDONE N, O LNIZF Y —BACIEZLDMZ EAE TH DA, i~

e e s
BE&E—6 C 17 (Bodtfimh;
XhTv5 (EHIBK)

Photo 6. C type (terrace deposit erosion type) slope failure. Terrace plains
are used for the meadows (Atsuga).
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Photo 7. D) type (talus cone erosion type) slope failure. The talus cone which
was formed at the foot of slope was eroded in width of 120 m and
its debris razed 7 houses to the ground (Kiyohata).
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ELTOBRHICRAT HHRCS D, BLAAOBBLR ZI TV S LBHRELOTHS
Mb, SHROBHECHBIC L bW ERTHRLARD D, LichisT, BHRAKOWADT
BEOBBFITE, WHIHOKEN, ThbbalELCEAHOKST BAT) LAE
L, BHEOERALIAB~EE, KERLICH LES X5 CHET S LAEETH S,

B 54 7 ORBAML LIS OMEICHT BB RS0 L 2 572, JIBTHCD
WTIRZ R ETHBRTEL LS RREROFECERINSD & X\, LEL, cOx1 7OHE
HILEBAKE O TTHbAEME ), VLB BLENS 5 LATFHEIRG, L
et T, FAOHIEFCER LS L TIHRCH2 b hug, XEOW IR LB
bW WA TREEC LT LE 5 & Lick b0 TREYET 5,

BRSHRCE T, KEAT, BT, tBTALvHROCEE L CEREDY L
OETEEL, RAQFLHY -—ﬁﬁ@ﬁi-i{iéﬁcﬁ*% £ 5T %,

V. f2toMBRLRE

1. T#HFAEiRSThLR |
AEthliciy, £ BE KEO—-KRKEENZHETHY, HHFIAMRBIMBEEGTH
EIEALLTRDLOEROROERMEN T2 &E-5), Thbb, BRIKE BER,

E5 AEEFEACST ARMRE
Table 5. Land.use on Hidaka district*

classification of land area (ha) rate of area (%)
rice field 7,236 15
C - - farm - 2,627 . 05
cultivated land grass land 23,639 ] 4.9
total . 33502 69
national 237,282 490
Hokkaido l 49,082 10.1
forest private 122,706 254
total 400020 | 845
others 41,246 8.6
total 483,768 100.0

) * 1982 ENALEEEEREC D £ T5<
Note * based on the Year Book of Hokkaido 1982.
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Fig. 24. Pattern of landuse (inland).
Index is all the same as shown in Fig. 25.
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Fig. 25. Pattern of landuse (coast).
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el EDER B D, FBWNEAOME I s oK, 5, s LG,
B biddidh, Bt LRI h, MR e o T s (8-24), FKEEFHEEEC
BRI, GO NS CBAET SHIACH S, ZAUTAFRARLED X S i TR T
Wieh EEZbRD, EBIC, BETHHES TR TIHEREMEK - kb0l S KRER X
5T D, —J, MREBV-OfE & BN S e Pun e S HncE, Sl - EE S O s
DEFHENRTOSiE,, MRz 7OoTHELTHASA TV, FREEESHE - EIL
LD E DI THR, DREHEEALERL TS (M-25), ETICETLRT2
FEL, IUWEOHMIA B m OWBELH D, RUORE, » vy EEhETHRBEIRE
Bk Th D, oMK ze <y, FyrefPRIh T TREHCHFECEI R T2 &
THNE, Al Lo KK izl A KA e s LTS Tw3 (5
3-11),

BFE—11 Bl o, s NEZ T TRBOBREATBR SR TV T,
B R mee LTRSS TS, Brrbife ollizs
Rrz g IS 2 BRI o B & e o Tu S (5H)

Photo 11. In Hidaka district, several terraces are formed from the coast
to the inland and the terrace plains are used for meadows or
farms. And the narrow alluvial lowland which is put between
the sea and the terrace is used for the residentiatl area (Mi-
tsuishi).

Lol sTimiiioFI A28 E - 570 oiE, KB, 0, Pl EiXsHEa
DETCELELTESR TV 2HENS G, KX BHMAEOEILE ORI TS D HE
CEBOBEMPHIETHEAHTHD, EOHMCHERENTVSIES, Sr0irao o
bRk E MR oFEN o R e i T\ 5, Thb OHIRImF I, Thi
WETO2HEALAT, T THECIHFRIZERINILDOTHS, Lirl, ZDL5ICHA
PIPCA CEMBEHPHBCHE IR ERTEL LA, Mo X5 KFI &L EETRT
WA EnBAMBELDE, EHEEHBER LI 02 b, ThbbH@EBT TR TITA
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ROCHHLEMCLEMNKEEREDOFHLM > TDLRDTENTES,
2. RemRoOER
AEBOREBH I, BEKBILEE RANKLIFEC X 2R ILRR L BB RS
b5, BMG6FEET TORMBRRCOVCTOBMELFHER, HEREHCRKBITLLCELDD
LE6DIO RIS,
CHhECOBUKBBIFERTECIZLDONRNREAETHD, L TLEELTAHS
LEEMN S, FORBIRKNLLO TR, XK, SEOMEBBEOBRMTH B
CTRMNERT A (WA Y YAEAK4knm ¥ TOHK) Tk T 5K ILKERE, KEFEE
L LCHNCHET ABRETH S, ZhiZ—okIE, thETORERENFHHYTS D
MAETHoR I LERBTHE0THA S5, LARNSEORBEIIERCHI.-Tkb, L
DLEHEYE L, BEHORLAYIRBIMACREEL TS, SEZhOLORBELEM

k6 RE2ER-— K

Table 6. Lists of erosion control works*

By % (OALTOREIO+ETOABIORRIEWATOYY YlogTax
town jurisdiction
@ | ® | ) | (m) | tha) | (m) | (&) (%)
w 1 [EATH |81 4 16 8 —  |1961~1979
gy |ChisAD \RAHe 65 17 40 804 | 120 | 18258 | — [1952~1980
Monbetsu
E;b% - - - - — —| 2 [1960~1972
L (B 47 8 8 | —  [1953~1980
g s |Chisaniggpges 31 4 18 613 49 | 1738| — [1962~1980
Niikkappu
%;gg - — — — — — 1 [1974~1977
L B -
pg | Chisan oo 87 35 62 708 27 292 | — |1953~1980
Shizunai
Ei&ﬁg — — — — — — 2 [|1973~1981
o | 6 ' —  [1962~1979
= g |chisangggge 21 5 8 474 43 | 11,099 | — |1950~1980
Mitsuishi
HSJ; bi%i _ — — — — — 3 [1952~1981

E) * BEIOHRR~AN4kn OHBEACEES ATV 34020 TE D BITFR
Note * list uped within the inland area of approximately 4km from coast.
*%* national forest.
**%  Hokkaido prefectural, town and private forest.
@® check dam (No.), @ groundsel (No.), ® soil retaining works (No.), @ water
channel works (m), ® planting works (ha), ® wind break works (m), @ sabo
dam (No.), year of construction.

s
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Summary

~ In the early August of 1981, Hokkaido Island suffered the worst disaster in history by
heavy rainfall. Especially in Hidaka district, many slope failures happened and 4 people
were killed by them. And the debris slides and debris flows inundated and destroyed about

2400 houses along their paths. ‘

In this study, the actual condition of slope failures in Hidaka district were observed and
the some problems about the disaster prevention were discussed.

The results are summarised as follows:

1) Most of the slope failures were located on the coastal terrace cliff where forests stood.
And the slope failures occurred regardless of the difference of tree species, tree ages and
forest stand (artificial or natural).

2) The slope failures were classified into following four types; (1) surface slide (A type),
(2) bedrock slide (B type), (3) terrace deposit erosion (C type), and (4) talus cone erosion (D
type). The A type took over 60% in the rate of occurrence.

3) As for the influence of debris slides, in the case that there are no preventive object
in their paths, the length of debris (/) (distance from the foot of slope to the end of debris
deposit) is about three times the height of slope failure (h) (the length from the foot of slope
to the top of scar) in mean and five times in maximum, as shown in Fig. 17.

. 4) On the other hand, in case that there are preventive object such as retaining works,
houses or trees, the flow of debris are extremely controlled. For example as for retaining
works, “0” is smaller than “A”, as shown in Fig. 20.

5) The volume of talus cone took over 80% of the failable slope material. The soil
retaining works, which were set at the foot of slope, had the effectiveness to fix the erosive
talus cone and displayed to prevent disaster.

6 It is very difficult to prevent the slope failure disasters only by the civil enginerring
works in the place where the houses are built so close to the cliff. Therefore, it is necessary
to prepare “the buffer zone” between residential area and cliff. It is required to establish the
plans for disaster prevention including the land management with long term projéct.



