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AN EXPERIMENTAL STUDY ON SLOPE EROSION

By Kazuo Asuipa, Takenobu Oxumura and Kenji TANAKA

Synopsis
The significance of slope erosion toward human activities increases with recent economic
development, not only in the conventional soil conservation but also in the maintenance of reservoir
and watershed, in the protection of newly developping lands for industry, resident or transfar.
In this paper, some wanting informations are discussed through the experiments for systematic
understanding of erosion mechanism, i. e. with regard to the distribution of flow on the slope and
to the evolution of the slope feature which is both the control and the image of flow. The ex-
periments are carried out upon a sandy slope under.the artificial rainfall, where erosion process
is perhaps dominantly determined by the tractive force of flow and the critical one of materials.
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Table 1 Some experiments on flow resistance of shallow flow

Fxperi- Rain fall Dfiameter Revnolds’ Resistance Flow depth
“Xp Slope Roughness |intensity oL CYNOIES™ | Coefficient | ~ O 9€P
menter S (mm/hr) rain drop | number (mm)
(mm)
S
Twaki®® | 0.002~0.17 | 0~4.36 mm 100~ 15000 |0.024~0.4|  1~40
Tsuchiya!®| 0.006~ 0.4 ??_JInm 5~1500 |0.03~4 1.4~6
s0=

v, | 0.001~0.06 Masonite, | .. 135 45 | 25~200 [0.16~2.8 ~5
3\}’;“1’8116) 0.001~0.03 | glass plate | 0~450 3.1 40~7000 |0.02~1.0 | 3.4~9.5
Yen
Wenzel,'” | 0.005~0.01 ” 0~375 3 220~2500 |0.04~0.4 3~7
Yoon |

ZOWhO I ORBEAICHL T, #EO >\ N E LT, LRI ORERES, LBEO O
BN LUCAB~F Y BT o, BIRBRDE LI, EELOKRICLWTY, HFOHEHLTWI/H
BEEZTYVY, 320VELIPEORHARBRONTY, FRTRE_EOHRLBBE L (RBLERTS
ZLRZLTw3EDT, TR TORARENCETIRROMELRTT L L, ThbRW IR IBERIK
BB 2 KEDRENHENIZHTEI0TH-T, RELKSOobNIHACEOITHEATL I LER
BThb, 2ITEELR, BUTHEBAROSEERLCBEELT 270 L3529, REFMADR
24X b, Shields %5 x -2 - aHMIC LCBELCEE, HE (LPEEBLKEOWK) Lol
KD btz

2T, GhoRBKNEZOBRFOBRAREN EOMETHEA LESNTCORMERNRET Y, MNEOHBEN
ET %, BED—KOMEL LTR, AURHENOFMEBERBOMREVNEELMELELLL, Th
LY ERLTRRLOLZL, OHPERBBEINTELY, 20T, T EHBNAEHREY 2 P»EF
KRBPNTHBLNEIDTH- T, HEREHERTLL) 28QROBENEH LTCRIEHTELZLE )
RonTik, 4BOBRFLTETIHLEIHTD %,
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Table 2 Some experiments on surface erosion

E ;. | Width | Length | Inclina- | ¢ . Du- Discharge | Maximum
Xperi- | of ] sl tionof | S0 . . | Water | ion |rateat  |fl
senter | % 5'0P€ | Of slope on o characteristics suppl atio ate a ow
men (cm) (cm) slope PPl (min.) | slope foot | depth
dp=0.2mm
Tanaka?® 30 93 1/2~1/5 | clayey, from slope 30 50~250 1.4~2.7
dp=1mm head ccfsec mm
sand
from slope
head,
Iwagaki rainfall
& Tsuchi- 10 350 [0.12~0.33] d5,=0.96 mm|d=1.37 27 4~16
yal® sandy mm ccfsecfem
820~4600
mm/hr
natural
Tsuchi- 1060 980 0.316 dso=7 mm rainfall 0.0004~7
yal®) (in field) 3~100 ccfsec/cm
mm/hr
from slope
Kaneko d,=02 mm |head,
et. al.?® 960 4000 630" andeptsol showered |60~100|0.05~0.14
(in field) 30~70 m3/min
mm/hr
Tera- 30 300 | 10°~30° | “m=D20MM I gom gope| 60 | 10~50 | 0.2~1.2
shima?®? Z“_ 0 2 cm Jsec head ccfsec cm
Shimo- 445 | 97.5 | 10°~20° | 9 =042 mm |sprayed 120 1000
dori?® 04=5.38 110~ 160 cc/min
k=0.02 cm/sec| mm/hr
3. RBROEBE
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ERAFHINKBERTN KSR AEBERBAANCHRBINE Fig. 1 TRTHACATIRRLE L
k-7 ERBTOMEBAIR 27 ) — 7wy 7 TlHbR, BB THER, EOBLOERTR

1500 700
'°° g “°
§ Cose | " looslg Case 2
30
180
Silty Sand  dso=0.54 mm =
d|o =0.06
River Sand dso=0.88 > N
k =0045 em/sec oL gg 0.6
N =037

Fig. 1 Dimension of the experimental slope.

bRBLHIBVREROEBERET LFR B L bR AT, MHEEHERT 2HBONESA1E, Fig
2RARTELYTH-Tz, CASE2 Cid, CASE 1 o LITIBERED LIF R0 0TH-7cds,
HEHERIC AL TEREETTICRRBETEL LY, TOoRMLWHEARVEHRTLILLE, X
biTik, WBOEZ:*—ERX T2 L%ELC, CASE3~6 Tid, 30cm OFI T =—1 v — &L,
INEREKEE S % LT,

100 100 . I
on | AL
i c/ |A/ B/
[ LA
"
| |
(o] o]
10 2 5 I z(mm)s 10 ol 2 s 1.0 = s 10 wm
1 11

Fig. 2 Sieve analysis curves of sand particles.
I: for CASE 1. A; initial composite
B; residnal over sheet-eroded surface
C; residual within watercourse.
I1; for CASE 2~6. A; initial composite
B; bed composite of water course (under full discharge)
C; bed composite of watercourse covering B after rainfall stopped.
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Table 3 Summary of experimental conditions and some hydro-data

}

M

RUN. No. I R T el | | e
- 1 0.07 100 120 i 104
2 150 ? }
3 165 75
4 180 70
5 180 70
6 180 67
7 180
8 180 30
9 360 26
10 720 21
11 1440 11
12 1440 i A=300 mQI 8
2- 1 0.22 120 135 i A= 49 mzl 131
2 105 | 107
3 120 i 103
4 i 135 168
5 j 105 | 250
3-1 0.22 122 80 | ! 542
2 120 50 1 368
3 90 75 350
4 115 70 i 386
5 115 360 80 3830 | 0.53 '
4- 1 0.22 78 143 122 3560 0.60 159
2 61 108 84 2560 0.44 159
3 54 114 92 2420 0.45 138
4 56 94 ! 123
5 57 1 120 104 2690 ' 049 141
6 , 56 72
5- 1 0.16 65 | 121 95 3030 - 0.44 \ 83
2 67 120 61 2330 035 | 145
3 65 120 | g ;140
4 64 120 100 | 2810 ' 051 ‘ 100
5 66 120 | 50 2200 ¢+ 0.53 112
6 I 65 123 l i |6l
6- 1 0.16 \ 65 | 100 | 70 3080 | 042 287
2 | 69 100 | 52 2590 | 0.43 482
3 | 97 100 | 66 2590 ' 0.54 439
4 ‘ 20 100 55 2470 - 044 345
5 ‘ 92 100 67 2460 | 0.52 273
6 1 © 056 275
l.
R
T
t

O%©

98 100

inclination of initial slope
rairfall intersity (mm/hr)

> duration of rairfall (min.)

passing time before discharge being constant (min.)
lost rainfall during ¢ ({)

ratio of run-off discharge to total rainfall during ¢.
sediment discharge rate during T (kg/hr)
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#B%&ME Fig. 1 X8 Table 3 [T+ &40 Ta ), CASE2 (RUN 2-1~5) 0##E, HkEHs
B LB 2 RABTNICERLTVAZ EThb, ZRIHLT, CASE3~6 &, +LHLEKBOEX
i LT, BEREEPEARTZNFREES ALY LD TH D,

BlEE, SEL2ARIEBIE-RIIBL2LI TH2, BEORAGHRKEROAMTL -0, MEOKE NV
EETIROBRB/NE {BRIAS Z DT, HRAORFOBA LIEBERRZ LY, 2 XITh~7 L5 IT,
ZITHMBIL 2PN FOMEK, HBELHEIILTwEDTREL, HKE k7L 20BKIHE
RKLTWBRDTHh 0, BENEANIC—BICELObANE A THLEEL TV,

HEEHR, FREomE, kilihpn, LRl MELomE, Kl HEMEDRCBEST
B2, FRCASE KL > THADLE LI HRBER-TE Y, HFL34HO CASE L TH~TD
FHHOMERT R ->7ch I TR AV, & 17, CASE1 1, EHEMNERIT% -2 B HBBE L HHLHR
PLUZOREAMTSHY, BHAECL - TAROBMLEES 22 LREA LBV D TH S, (T
DZELODWTR, BEVINERELILWEZELTWD,) %7, CASE2 |4, #EHREOBE MK
ZRBOMVBLMESOMBITES 2L %, LOTXTOHEAZHE Lo, KiEi, RENEZERZELN
Tk, CASE3 i, CASE 2 TRI AN/ ohoBEAIEE: LIZY, & IThhoEill%
Bl 6zt A7, Wk & KEOIEIZE S kb \wico CASE 4~6 14, HKOEFRBIEZALT, &
LEKARD DA OMEICE A ® 1\ 7mo CASE 2~6 F_TICHELCELN TV BB, R, il
TtHEFLIUCBERELZOMNERIRTS 5,

SERAEHERCOWTEND, @it Photo. 1,2 KRLNL XS ARKMOKE EH£4 ¥ b7~
Bbnik</ A —4—T 1/10mm B CTHAR- TRdTo HBEDRR, 20428+ RDEIIZIT,
BREILE, %R BRL7, LBIRER, MK 1 ORKRTE - TRivT, #EEokBE,
Photo. 2 KR HNB LT, i 7%l LTHRMEITE, MEDOER 5em Bk, AFEIERE 1cm
BAL, KR Imm BREOR 5 — A THE L, Wi, KEIEKEZHEFLT, ZOEFHKICK cm Oof
RiZH2 2 0BERBOBEEOLMITL VIE Lz, HEHOMER, #1427~V RLoT,

Photo. 1 A view over experimental slope after CASE 2.
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Photo. 2 A view over experimental slope during CASE 4.

%%, SECTION (jil#) ofifEid, MHokbE®0& LT, ERAFHICKREES 10cm ZLITHR- T
Vb, fd i, ZTHROMIBMIOR, Liltsmd HATHER 700cm TH 2, $7, AXHFTRUN ERED
B—E5ERES L, CASE L&, —2o##ffms bl Lo imo RUN 285§ %,

4. EBOEREZZDEER

i¥, RROBEMBFHREZHL (B TR%,

CASE1 o#lfR, BERVNIALLOICBHMALIBZLAFRABCHELSEKCEERNEEL, Z0WH
BLIBIEERTH b, ZREXLT, 2~6IKnTH, BEEVNAZLMBOBERTRTBEELTLE
Jo ZOLE, BELETOBDNTFORBRBIZEAER LN ENS, EROMESRIIGY KEMLT, HE
HdOWRTFEEETRE ) LTk 5, PUTHTAMENERT 5L, FTREMELLE@ELREL,
Z OBEBZERITI KT %,

woho CASE TnTd, VPoMEEIZIZFEETES58, —HE2RASRLON 20 RERRLE:
BOTERBOLT, B2 BEONMNESED, LROBXICREHN AL A—ELSALNE, DL
EOTWDOEER, bW TFD Y TR, B2 OBRTVHRAIE > TIEINIRETH B,
LZETOHRRR, ZLORE—HE S 54, BELSEICDL > THRKOFEET LY S "BRER, 3
LiR "oy v RBAE, OBRBETHLENE D,

CASE1 Tik, ZoBRWOMEBEREEIZVRETH - T, ThHLLAELIZEAEDRITHAKBELE
THREBOZ ZHEEBRBED LT W, 2~67TH, TTETHAOEFBEEZELRY, KArbEEH
ZRBROBEEHET 2L 10455, 20LHIT, Kiub (MEETWIBEZZRAE) LZ20FME
DUBBREL 2D L, ZOTRPME (WBETYS B, BECHEMTE ) T, mass movement
BRET L, TOBRRNITE, BALADEHNEENZE bbb AAE TR T30, BIEHAEK
WO T BERE T 2BEEE L TCEKBONZIWERDHEET 230, PIUTHEORELLZIDEESD
% (Photo. 3)  Z 0B %: "HYVBEL LMATELXZEVWTHSS, H)VOTORBEELDTLREE
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DT, LBICL - THE LAY, #CHEI S MIMLE L) LE2R LSRR YET, 21
% DHBICHEEOBNAEDEDIL, 55—200b00BENEKTS L, BET 2L OTREAINHE
BTHHEIRLNL, ZDX51Z, CASE2~6 DRERELZLOER*GATEHD, 2KkE LTS

Photo. 3 Mass movement occurring at gully head.

Photo. 4 Close-up of a watercourse.
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EBRVERICHE N, ELLTHBEORND 2~ TonTid, TH LTI DAd 2,

LaLz#b, B4 0RBONBIP I 2 1DOBERBRLI VBRI LIEEERTH S, 72, W
BREBLIEHL, B OFNEAHEZRIETEVI 300, AIREOZOEEY, TLOoRKERITH
ABAERERDLDbNT, 25 PERBERLEVOHABRVETLTVD I LB DU L LIAHVBH D,

—F, BEESLZO/ATORER, BEOKRELY JIKEAEZH, L, ZRZFhoNBICEFOTiE
WNEET D, THRBLLTHIZE, MEERBRO#ERED L, Thid, ATHKELLLEEY, »
PO LKBAROHERELTLIBB*RTIDOTHHH. FHEOMER, BERKOBHAREORATIT
RELEBEOMABEL L 10cm FTHIZH 5, LTI 0%EBR, RLODEIERRABNLL) KEEER
EROBHRICL A, 205 LUBHEHICL 2T, X6ITHE, L XFHRKBBYDLVEBERT L)
ABBIZAL L, HRNAREZERLIZIOTH-C, ZOHEED, ZOBBOLBVIRI-TRE(RE S,
MBEOROLNLZAFRIEE 10cm K32 52 HEIGECENFET S LKA S,

4.1 SEECHITIHNEFHEER

—BEBKSHELECELONTE D\, TRBBTFRKEZBEKIZEDLS Kb EH, EHITER
KEABBARIZED LS ZAAT 50, THICHIELTHEOBBELED L S5 REMRT 205 EITONWT,
ERERIZI LonTD, Zl~E 5,

X BT/ L5 1Z CASE 4~6 RPWT I OB L BT 57200 % #H M %74 -7, Fig. 312
KABLDORFCONTOMEHROATS Y, BFEEKALOKEETSH S, % CASE © RUN 3, 5 [T
DNTHBERELENOZNTD b, Fig. 4 RENR LOKBOYK, Fig. 5 2HIH EOKKEIEOKEN
BWHELRERT 0T, Fig. 5 0 i/BB/KERLHELEBEOLTKALEERE RS,

Fig. 3 i3, BlOEBII LM -> THELOBNOREESBNT LI L ERLTWS, Fig. 4 20
T, KALOEMNTHREE L, THML T B, Zhi@STF LIRS LERELOAHTLOTREL,
FHETHECEWTHTRKREZER L T 2ERXOLOTHLAZEARGRET L I LILL 30T,
RBEHZIDOEAZINS, KERBOHERFNTH, REOHEEBREZRLTVWENDT, ZOo0KA
LPHEEL TV A EBNIE, FNbe—203DTHALHHTEIE3HD, THLIETEBEDOHVEIN
I3B-TC, BTLIELOKALRZAHAL THANTELERE LRV, BKERTEHETIEL, 0k
IEBNINIRBREINZINE D, ZOEINnITEH W T3 sheet flow & channel flow & DRGlizZHon
TERE L BHEXE2 2 LERAETH- T, RALOEEE L CKRERBICRAELOBELHELZS, &
¥, Fig.5 ZHxW T CASE2 ORALEBEEN 1ML E > Tnb DM, sheet flow OKEIE L ZRIZA
NTWwBE7DTH S, CASE 3~6 LT I BHAHKE T sheet flow HNEET LY, THRI{BLN
LEETHY, CokABMBRIREDLNIEKITIRIBEL TWHAREZ{ ARbhi,

LaL, SESPHERIZENT, KALHEEBEHR0.15~0.2 12552 LHBL, 2BOKEERREEEFH
DKBRTHBOLNLIDOPLERLTVE I LRBREVETH 5,

Tb, KALOMBROWTHKRE Lk, Fig. 6 iz o—fi<, Fig.3 TR NLKEBO F.O0RERE
DEREBEETHLN, TERXBRIBBOMERES VR EORBOD I IPEFEROVEILILID L
Bbhadhtbd, 2 VHEAERMRAZDONE N, HLEBRHAORAL LIEZERISIHBARLTHE,
HLEHOPTHBRERIETIOITH S, 2L 0BRHTH, BENIZRZILEZhEIBALRTIOE
Zzbhd, FEXBELABSD, KELBRBOBBLERTEIL, LR TCRHEBRBRERLTVS
BRI —2RLTHY K-> TnELDIL, 23 bWRLERLBETCE b >kOTREVHEELLN
%o

DERHEILA501, KALOWEHERTH 5, FRREAFHERBIIE 20, Ax0oKkArbLIZonT
BhEDVHHEEBREDL > THNLTWE EBDLNID D, ZORKRITOWTH regime theory TR L L
PDOLEUT ZEBRVBRIIIOOTIRAWELBbR S, regime theory T4 DBIFREXMRRINTW
5, nE
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SECTION

Fig. 4 Variation in number of the watercourses.
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Fig. 5 Variation in total width of the watercourses.
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Fig. 7 Relation between Inclination I and Fig. 8 Histogram of b/A.

shape b/h of watercourse.
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Fig. 9 Configuration of slope.
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Fig. 10 Variation of some values about slope configuration.
4Z; over-all mean of eroded depth
4Z,; mean of eroded depth along the gullies
A4Z,,¢; maximum eroded depth
2 B,; sum of gully width
(where, gully is defined as eroded more than 2 cm from the initial)
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Fig. 11 Variation in deviation of relief.
¢,; standarddeviation around the average hight.
gs0; standard deviation around the shifting mean with 50 cm span.
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Fig. 12 Relation between Reynolds’ number of flow and resistance coefficient.
I; over slope (a line is used for the following calculation)
II; in channel
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Fig. 13 Relation between relative flow depth £/d and resistance coefficient
I; in channel
IT; over slope (a line is used for the following calculation)
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Fig. 14 Downwards change in sediment discharge. (calculated from sectional profile)
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