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The Effect of Soil Piping at Seepage Face on Slope Stability
and Landform Development

Yuichi ONDA *

Abstract

The effects of pipes on the hillslope stability were examined at an amphitheater
valley head in Obrara village, central Japan. Plaster casts of pipes shows that the
burrows were 6.6-100 cm in length and 20-45 degrees downward. In 1999, due to
the heavy rainfall a small landslides occurred where plaster cast analysis was
performed. The slope stability analysis and subsurface water observation of the
lower slope suggest that the small landslides are due the formation of the pipes and
upward hydraulic conductivity, which is much lower angle occurring landslides in
“walls” of the amphitheaters. Therefore, piping by groundwater upwelling zone
facilitate much of the landslidig and landform development.
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FER, NAE TR 770 —-HHHERBICRIZTREIIOVWTE, G rLiEHI
nNTBY, BEDS L OMEITEINIZITbI TS (Pierson, 1983; McDonnell, 1990;
Uchida et al., 1999). TN HDRFFEIZEWT, /34 7%, flEMFKEZEF S, HHED
REZBIZREILTVAIENERINTWS, I/, HEEIIBNTDH, KEHFA» LY
AEYTIZEBKOREELIZE Y, BEORERITTIIRELEbh Tzt 250
YA LARESNTETEY (% - ihH, 1978; FHE+HIZA, 1985; BiZA>, 2000),
WA TEBREDO L YFELWEREOBANLEL SN TS,

Tsukamoto et al. (1983) &, W= (FEMHT -/NEA) OB ERELLLTSH, 64
BIFFORERD S B, 60 EFTORERIZ A THEELTBY, —DOOHEMIZFH 3.6
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EHEAELTVEILEZRLTVAS, T/, BAIBICHEET 554 7Tk (FIB - £4A,
1993) FEHIZKELRBIKAMRA b 072 A E FIC L ) —FEORBEARET L 2 LA 5
NTn5a, BFEEIC LT FETIED, 1973), SO LX) RSA X 72X bR, &
MDD D2 ) DT 2 EH B E LS ITHEMET - TARBENKTICL > TR S
BBLEIBTLLDOTHEEV), TDEIIT, XMV FERELIIZELOBEEXED S

bOD, FEBRIZRENRAE L-HEIIBWT, /N TOSMmEMER FDOKICREZ HIE L
ThHhABNTIZE A LRV,

ARAFFEDOFAEH TIX, 1986 FLK, KBV B b TBY, 20Kk, /34 TOE
W +HEERCIOVTHERFAATVS, ZOREICE VT, 1999 FICEFMICEV
T, RESREAEL. 22T, AR TIEARGICBIT R84 TOERE, BERER, /2
ZOXEHERRAZEHL0L, 1999 FE I L -SE 26 - T, EARICRET
B3 TOREREICRIZTHE, SOICEBBEERICEZ 2EEBIIOVTHER LWV,

© 2. FREREBS L UAE

2.1. AEMIS
FAEIIE, ZBEBREHICHE/DEHNO 1/NEETH S (Fig. 1). ZOMEIR, E5
300-500m D EEH & 2> THB Y, WEIZEHMKETHSD (hH, 1970). Z Dk,
BH (1989) IZBWT, F2itiB T h, AXHEREITORTETEY, BETLIE
MEHIBICHET 5L, RMBICBITA2RBHRBEZ LA LFTAONATWS
(Onda, 1992). Z DOfFEDA#IIE, Amphitheater d L < i, MEHHOZ L VbITEY,
convex ZFHATE EWRDILWAEHE 25 % o TV 5 (Kochel and Piper, 1986; Onda, 1994).
COFWBOBFEEMTTICAL S 2% 72 (Fig. 10 H#hA). SEEERD, HEELE & [
FRIZ convex 2 FHEHMERTIE % LTHB Y, FH & FETOBERMN IS THSEEEL, K
PEELTwA, REMEMIE, SHE2rSORBESE T A IO — 7THRICHRFL Tw
B, N T3 —-TROBFELEAERE OBEFICEHELEL TV 5.
2.2. N TIREHZE
WNATHRDLWOEEREDRAIER, LTOL) AT, T, @A ELTVE I
A T7ORBOET ) F T/l r Z LA, #LTEFDLII, EFAGO=Aa—F—
DIIREEERZAN—TBLH)ICPYFITSE. GRS T 4V F —R_—3—iF, FI#K
THOFHYDOKE X200 pm TH o7z, 254 T7OFRBIICEY 1T 7280 51%, K
PHRAZBANT IO, THIEAIMICI Ty 7a3hb., 2O 1H2H3HBEIIK
B35, BOONHENIE 24 BFEGR L, KT LFE L. 2bEIIE, g/day DHALIC
BRELL. RAEIE, 1987H£7 IlqTo72. HBBSEIZBWTE, 20 L) 2RiE%2 7T
(H1-H7) TiTo7-.

RIZ, COW/BONA TOREEZNB 2012, N4 TORBEIZ L AFELIT 7.

g
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X, ABLEZAKICE»L, HE20cm, HE30cm DERFICANS. B, ¥=—n
Fa2—7 (820mm) PEOMFITFSNTEY, FORFEEZ/L TSIy N5, £D%,

FR—AE -G EEIFBZLICEoT, ABZMLAAZ. FAEIE, 199347 BiliT-
7.
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Fig. 1. Study site (H: valley head)
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3. BREHLUER

3.1 XM ThHhs5OLHMHEEE

Figure 213 1987 D6 A 7THH» 5 21 BICBIT AL ETHEORBIN L ¥ 4 ThR L7
bDTHDH. HEEICHFETALIHO6 /S FIZ7TATEH»S 16 BORBD, RO 7% I
WCEHEEENIEEICL RV (1gday ~4g/day BBE). L L%A6, H5 D54 7,
6 H 12 HUBEDREMIZHE VT PAEEEDT 100 g/day ML EE 28U FR L, TR AEERIIE
MEMIELTWABELIICRZ S, 7TH18HIZ, HWE 63 mm, HAEETE 6 mm DR
Hhotz. TOBMICE>T, HS 784 ZI3RMEIBAEEE LTV DD, #Dk/54
TROPHAELI-ZEDBESINT:.

SHITHL, BEELTWBH6 /Y 71id, BREIICD 1.6 g/day 8B &, TRPEEMND %
Polzh, H5 /XA 7ORZEIC L o T, KBL LWL 25D -2 EPEBH SN,
FEBRIZ, BRROLAERIL, H6 /51 Fid4.1gday Tho7-DIZxt L, BT 2 HS5
INA T 1.5glday 12T % olz. FOBANEBOKA LD Eb 727200, H5/854 7D
THROERERIX, 109g/day L EE L, EBICOE L DADHNDL LI Il o072 EDHES
n7-.

ERCD & ) %BERIZHED N T b0 WAEERE, HEEOMINCE T, HWNdT s
EERONS. 72, BEEITERBTREIEL, $HKT0.35 L) L& OBk
DEVHERIN TS (Onda, 1994). ZD X ) RBEERI»S OB TREAEIL, B TOZER
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Fig. 2. Sediment yield from the H5 and H6 pipes

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

FEABUHFIET 534 TORERES & VI RIZTEE 651

b, OWTIIHBHEEDOKT 2 b 725 T REEATH V.
3.2, /XA TORIR

1993 412, THAEERLZHE L/ H4 /51 THHEICB VT, /31 T7ORKEZRE L7-.
71EL, LT RERRE L BN T, EEAEER R NE LS T
E, BRREWE L7 TIELZbDOTHE LB bR L (Fig. 3a). FALH S OHHEIE
&, 1.02m T» 5.

AEICL-oTRIE D &SN/, TOFIKE, Table HIRT. SLRD 5 TIZFRAEHFHIZ 9
BO/NA THHEET AL HICR RIS, No.3H5em T &, WO THEY - 2 7-ORED
LGB L. A TORSIE, NS4 TTEIELRD, 6.6cm AP SEVDDTIZ99.7cm I
bRA. 7o, M TOEMEIE, A5 T2,000em*ilb s, THESERE Imdbn K
&, 1,960cm’m & % %. F7-, Fig. 3b 8L U Fig. 3c (Z/R L&A (50 cm DK
) OFFTICBVTUIL, FIHEBA0.92 %MWL -2 EICHST 5.

INHDEEN SN, T %, BWBEOKER LML T, SKRTETIVEERL

: )y il ‘L
(S = e = [

Fig. 3. Three dimensional structure of the burrows (H site Nos. 6-9)
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Table 1. The dimension of the burrows at H site

Horizontal Angle Volume Length Average width

No. (degrees downwards) (cm® (cm) (cm) Sinuousity
1 30 200 4.4 3.6 1.6
2 20 550 99.7 3.8 1.2
4 30 50 12.8 2.5 1.2
5 30 50 6.6 3.3 1.0
6 35 100 19.0 3.2 1.5
7 45 400 58.6 4.7 1.1
8 20 350 4.4 6.4 1.1
9 25 300 36.5 4.4 1.0

(Fig. 3b, 3c). Bl& LT, Nos. 7, 8, 9D/84 T R_RT &, FNFNIZIZTFEITTHY,
45°, 20°, 25°0)¢ﬁ}§{_“6T7ﬂ:0)U“fM>:&i)i‘:bﬁ\%. ITRT/NA TR, FOTHIZ
HRELTBY, FOFHI329° &% o7 (Table 1). F7z, FAEPICFHI2ELE L DH =98
R EINZ, N TEMTFKETFTICOPTWED, 7N GEZSFRTH L7080 (K
FH, 1983), s#@HE IR D BT HEL EEZ 5N A, Onda and Itakura (1997) 12X 5%
REEHLREERRIZ KL B &, YT % TEPRNICHE - 72356, SRS N L RBEZERD
s nz (Fig. 4). 72, ZOFEETH 20 ° MEOTE Y, HTFKETICHEEL TV
2. INHDT ENG, TO, FIEH T HZDHEKTH B FEHATE V.

BAZ > (1988) &, /34 TR T 5/ OEEIZDONWTEEL TS, Thi
b &, TEORBNINICED, BOEENRLY, /B OEEN/ N THEICE
EhmHaeR-dIEE2RBRLTWS, KFFEOFHERKE B & 150nda and Itakura
(1997) DEEBRWERNSEZBE, $UH I, GLAERREZIS LWV IT5 %8 LT3
AT7ZDLDEEK L TV AAREMIE V. £LT, ¥ 7T OEKIEHIE) /84 7
&, HTFAKETFTNMETS LW HEEZFEOLO, BAREMEICHIT A TRFEL, KRiEHIC
bEELFELFEOZENHL Mk o7,

3.3. 1999 FIZHE L /=/\FHIR

199949 A 14 H~ 15 B3 <, 2 HREM®= 97 mm, H KFFHFE 28 mm/mh (7 £ 5
A/NEBBIAT) OMMASH o7z, TOBEMICL T, /31 TOEE %17 o 718 A5/ i iE
w2 L7z (Fig. 5: fZiEiZ, Fig. LWI/RT). B, RBHRETIESIB L% 80cm 2,
ME5.25m Tho/:. BEIEREMLLTEY, HEEEEICHEHBFL TWIOPNR6N
72, FRIROWHEN Z Fig. 612773 . FEOFHAEIL 28°TH D, HIKAID convex 7 HEHT
BlaROFHOTHIZHAMLTWAE, ZOFBATHREMICR SN S, DE 50 ° &
DO/NREBE I ) R o 7oA R L TV, ’

COREIE, TROESFIZERYTHALIE, TAFHETHIPBREN TS D
Z, HREFIHLERN ZBHAT AL IIRYTHD EEZ LN, REMITIE, Selby
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unit: cmH,0 0 10 20 30
: P (em)

-

Fig. 4. Potential distribution of the. flume experiment with 5 crabs at 604 hours
(dotted line: crab burrow) after Onda and Itakura (1997)

. e RN ‘3‘

Fig. 5. Photograph for landslide occurring in Sep. 14, 1999
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Fig. 6. Location and shape of the landslide occurring in Sep. 14, 1999

(1993) 2 L7295, FEEORKEH W7,

I+ (y—myw)z cos’Btan g’ ' N
y2z sinf3 cosf3

ZIT, FIEMWOREE, v ZEREKILICEI 2 B EREE, 5 wld/ko B4R
i, m (IHEGKE O-1OMEEE), 2 IHBEETHL. 22T, BEE12cm D, HIK
BKILIRREIZ BT 2 BEK O3 A G A —TH & A Wik BR s TR 72 B 88 (Onda, 1994;
¢’ =4.2kN’, y =1.4, yw =1, ¢ =32.1°) 2T, LRBELHEMIKE mh=1) 5E
ThE, HEFR EiX1.26 %5, 2L, )Ll HESINS.

FIET TR Rz TORIE ) DRRIZ, HBIZRRWELEN SRR L o TWDS, KA

C BRI, AT 6 A Lf*é:%k"étl,f* EWS, FIATTRBATIZ A THEE SN
TWATREPEA R V. EER, 1993420 © 1999 E D M 2Bl & BN 72 BRI, /84 7
BIR SN T a#%;énfwé L7zh 2T, 2T, $T7F 2L BHR
e, /34 7TREIC & B IZ L 5T, MEBIZ Table 1IZ7R L7z b D & FIKE 2 281/ A3
HLTWITREEA B, 5121, 74, ZORBRTHICB VT, 1987 4F 0 EHIHH S
ZBWT, EMED0.35 L W) BIKGEASBRENTVSE, Tk %, LA o6ike
ACAS, WEOBBKEZEO, MEREEL /LTI LIIREDTHAH. DL %,
FHEMERIC BT 2381, Bk - SR (1982) 2L o T, EBRIIISA L FD5E L F
M & OBKRAE L DEFZTH SN TV A

— %I, A47iiTm®%m&mmﬁ%tén,hLéﬂTm@ﬁ@&wm>Z%
LELTRHBMINTVSE., LALEHDS, BREICBVLTIE, EBREBIENATHSE LI
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(ngm,N4f@%%ﬁﬁ:6:tﬁ@5.%Eﬁﬁm,mw%ﬁ%ib&ofﬁb,
HENIEDHE D RE v, 2 TOMRIIE, HE NIRRT 2 I ermoNTY
2 OFAIA, 1988). L7=h'o T, fEalliosvCid, 794 7HED, #BEEoEY
MOWEDIH L ) BRI Y 2T WIEEMEAH L. 0L I, EREEKBIHFLET S
ﬂ4f@,m%w%ﬁm(N{fﬁ%ﬂfbﬁl%%%ﬁiﬂ@,Q%%@%W@%mﬁ
Bons) (DL THREKDEARINORT 2 b 5T & & bIT, FMAFICHELL
WAt BEKES LR XY, BEOREEZPIRTLIDEEIONS.

GER LY. HWERADBBKEIC L BB, BECREINTVE. REKERLER
EImBWTH, WFKDEBBEKENEEREE STV HEFFET 2 (BB,
1085, BiI70, 2000). 47%, BEKEICL B34 €2 VRE0sE (5 - R, 1993)
L IR ORBOBBICOVWTOERTAILICL 0T, FMREEIRIET /N TOXK
2OV TE Y —RILTELTHA).

Sg R - ST ; > j : ® 3, 3
\ 7 . ?. _“ v\,_‘ . \i

Fig. 7. Landslide occurring at the lower part of the convex slopes (Location is
shown in Fig. 1)
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Fig. 8. The relationship between relative water level, m, and critical soil thickness
under the infinite slope stability analysis

3.4. WHEILICRIZTHE

Onda (1994) (%, AMEZOBMILICE LT, SEHFHOESEHDLE IOV CED L
2. S0 & %, IKEIOSTEHENTIE L convex TH B 728, SVE T H L 50 °LLE LMD T
BEMTHL. COL)LBHETHT, Fg TIRET L L/NBRA B4 LTwa
SEHHONTV A, 22T, RlEOEREMEEE2, (1) XTF=1¢& L, Onda (1994)
TIRSNT:, PETHO 15 EFROHE (Fig. 70 L5 %) OFHEEE55.5°, L U4E
DIRDOLBL 28 ° 12 DWT, BREBIEE Z, LM KEm L OB OGS 75 7 TR &
Fig. 8D L5 1i% 5. |

Fig. 3£ 0, HUHESBIH THA Lo (DE28°) DBAFRLBIED, HIKED Y
M0 L, BBEAIE (HES5.5°) OHa i, M KEIERTBECS E
DEEGRABVIEITREND, SO LIF, BESTIE, BET L7005V
KEUABLETH Y, EXREOECMEDOAHENSTRETH L. Jrztd L, MEELSET
&, BT BICEDTIOKRMEATHESTHY, MES NEFD HEBMAE L 23w, =
DIED, KOBE EMERBLOBBOERICILZ (BH, 1978 Kochel and Piper,
1986; Laity and Malin, 1985), AREEREIDZR O MIBERITE AS— Kk 7 £ DO T8 22 - LT
WAHOHHBBHICEE THLEEZZ LN,

EER1999FE DR T, FE T HOLIED, REMITIZBVTELM TS 5125 hb
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59, BEARE L. COREIX, ERKIZXSEMEOBKAEIC L o> TREKELS
T, BRAESBOTKEL ZoORELIZDDEEZONDL, ZDXHIBRIATD
WL, SlETHOIM BEL, BMEROBSHIEOEEICEFSTAHI LPRKREING.

4. 8 b ¥ (L

NA TOREREICRIZTHEELHAS»ICT H72012, NEFIZBWT/S, TORKR%E
HEL, T2, A Tho0rWiiHEHE L. /34 7, FETH 20-45° DHmEICE
WL DTIZI00cm BBEIZ Do TOUT Wz, F72, /34 T2id, Y7 V=L RZT
bttz®, N4 TORBIY I _ORREKRELRBFRESH Y, ZhiTmz, EREM
ECBIT LB, AREIICOEELBEL RO LSO IR o7z, 1999 S ICRK
A& 48 mm OFEMIZ L o T, AEBAHSFH TISREL 2. KEBFIZINE, 20
SEIIEEREHEESN -0, BETHLIODBEEKEIZEL > THELZWTEEEL?H
5. AREERLHER, ZORBRAORETHTRETIHRBLGERI/IRECELD,
FoHEREL SETHOITHZBRETLI L THERORHIEOEKICESTHI L
VAN - (A '

51 B X &

B B - #EBF - Kokuby, A. A. - FJIIK#E# (2000) A # = X a0, (1) HBRITES
(@) TFRIFEOLBRFEMAERERESE), 167-171.
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FrRkiE, 20, 205-222.

Kochel, R. C. and Piper, J. E (1986) Morphology of large valley on Hawaii: Evidence for
Groundwater Sapping and Comparisons with Martian Valleys: Journal of Geophysical Research,
91, 175-192.

Laity, J. E. and Malin, M. C. (1985) Sapping processes and the development of theatre-headed
valley networks on the Colorado Plateau: Geological Society of America Bulletin, 96, 203-217.

McDonnell, J. J. (1990) The influence of macropores on debris flow initiation. Quarterly Journal of
Engineering Geology, 23, 325-331.

HEEZ - B B FHBEDR - &EFHB (1988) MFAEFIHABICRIZTRERTRKOLE | £
& BLpE, 36(4), 45-50

it # (1970) BEHE = HOEEEE | MEREEE, 24, 139-145.

BH#E— (1989) +EDKEEBEEDKIIFES L UHIEREICRIZTEE | B, 10, 13-26.

Onda, Y. (1992) Influence of water storage capacity in the regolith zone on hydrological
characteristics, slope processes and slope form: Zeitschrift fr Geomorphologie N.E, 36, 165-178.

Onda, Y. (1994) Seepage erosion and its implication to the formation of amphitheater valley heads:
a case study at Obara, Japan: Earth Surface Processes and Landforms, 19, 627-640.

Onda, Y. and Itakura, N. (1997) An experimental study on the burrowing activity of river crabs on
subsurface water movement and piping erosion. Geomorphology, 20, 279-288.

Pierson, T. C. (1983) Soil pipes and slope stability: Quarterly Journal of Engineering Geology, 16, 1-
11.

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

658 BomE % —

Selby, M.J. (1993) Hillslope materials and processes 274 edition, Oxford University Press, Oxford,
451pp.

Frigmk - mRTA (1982) HAISHE % V- HER. N Fooy—, 12, 19-24.

BHAEZ (1978) TRE®RIOREBOHEICETIETOEE —kESDBHBOSHIE -
TRREBREFMARLLE, 27, 153-174.

KMEIEAM (1983) [H=—DEREEBE]. ) -7 v 7 41, =a—H 41 X4, 9pp.

FIBEE - EERE (1993) EME BB FEIOMILEIIC KIZTHER B A O LE. HF,
14, 365-384.

BARRA - IANEE - T B (1988) RHEORBICHET P51 7. Ik EHIFZE, 6, 268-280.

Tsukamoto, Y., Ohta, T, and Noguchi, H. (1983) Hydrological and geomorphological studies of
debris slides on forested hillslopes in Japan. IAHS Publ., 137, 89-98.

Uchida, T, Kosugi, K. and Mizuyama, T. (1999) .Runoff characteristics of pipeflow an effects of
pipeflow on raifall-runoff phenomena in a mountainous watershed. Journal of Hydrology, 222,
18-36. .

R % ZW R (1973) (47. 7RIS X ZE=AHH O IMAIROERRE. KABIER [1BH47
ERMKEOWE LB KAE], CMEREMERBEE, 104-107.

NI | -El ectronic Library Service



