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AN EXPERIMENTAL STUDY ON SLOPE FAILURE

Preliminary Report
By Kazuo OKUNISHI

Synopsis

An experimental equipment was constructed in order to investigate the conditions of
slope failure (including landslidc) to take place. 'The inclination of the soil tank (Sm long, 0.5m
wide, and 0.5m deep) is variable from 0° up to 35°. Simulated rainfall and groundwater flow
can be applied in variable quantity. Preliminary experiments were carried out to check the
capability of the equipment, using weathered granite as soil sample. Hydrological measure-

ments were successful, but the earth pressure was not measured satisfactorily.
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Fig. 1. A side view of the equipment. 1—soil tank, 2—I-beam, 3—main pole, 4—spiraled
pole, 5—elevator, 6—supporter pole, 7—gear wheel assembly, 8—motor, (3 HP)

9-—upper water tank, 10—lower water tank.
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Fig. 2. Plan of the equipment. 11-—upper head tank to be connected with tank 9, 12—lower
head tank to be connected with tank 10.

. , Photo. 2. A vicinity of control
Photo. 1. A view of the soil tank valves of rain
from downstream side simulator.

at experiment 4.

Table 1. Soil-mechanical property of the sample.

specific weight 2.641
porosity () 0.317
specific yield (8) 0.202

particle size (dg)

34 mm
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upper water tank DOWNSTREAM
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Fig. 3. arrangement of measuring heads. MG—gypsum block moisture meters, PS—piezometer
tips (porous pipe), PP—pore pressure meters (strain gauge type), GD—earth pressure
meters (strain gauge type), M—plugs leading to manometers.
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Fig. 4. Time changes of discharge from lower tank, ground water head at each manometer
plugs, pore pressure, and earth pressure through experiment 3 (Mar. 5) and 6 (Apr.
16).
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Fig. 5. Change of the profile of water table through experiment 3. 1—10h37m, 2-10h50m,
3—11h05m, 4—11h27m, 5-11h35m,

| e

Fig. 6. Mathematical model. Q;—inflow rate from the upper head tank, @Q,—outflow rate to
the lower head tank, @—groundwater flow in the soil, P—rate of grounwater replen-

ishment from rainfall, k—grounwater head, d—depth of groundwater flow.
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Table 2. Permeability at each section calculated from equation (4). (cm/sec)

date x=200 x=300 x=400 x=470 mean
Feb. 24

11: 40 0.01163 0.01395 0.01461 0.01557

12: 05 0.01202 0.01181 0.01299 0.01381

12:35 0.01050 0.01218 0.01215 0.01206

12:59 0.01141 0.01172 0.01157 0.01139

13:30 0.01100 0.01294 0.01156 0.01066

Feb. 25

10: 23 0.01382 0.01405 0.01365 0.01380

11:02 0.00743 0.01221 0.01290 0.01280

11:31 0.00688 0.01374 0.01396 0.01253

12:17 0.00832 0.01625 0.01336 0.01117

12 : 36 0.00319 0.01726 0.01115 0.00881

mean ’ 0.00962 0.01361 0.01279 0.01226 0.01207
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Table 3. Evaluation of each term of equation (4). (cm?/min)

experiment 3 experiment 6
section

10n50m  11h15m  11h55m | 16h22m  17h02m  17h47m  18h34m

Ist term 482 1824 328 014 1356 011 0.00

=100 | 54 term 001  —152 0.18 117 2.00 5.35 5.76
3rd term 0.00 000 —014 | —118 000 —336 —421

%2=200 | 4ih term 483 1672 3.33 014 1556 2.10 1.55
Ist term | 1455  21.20 1.52 357 1596 0.00 0.00

=200 | 204 term | —0.06 0.18 3.64 1.00 6.99 746 6.89
3cd term | —0.01 152 —018 | —-117 —200 1535 —576

=800 | 4ih term | 1448 2290 497 340 2095 2.08 1.13
Ist term | 1864 1648 0.32 482 1469 015 0.00

#=300 | 5.4 term 1.36 734 1017 071 1071 1191 9.48
3rd term 006  —018 —364 | —100 —699 —746  —6.89

=400 | 4 term | 2006 = 2364 6.85 482 1840 461 258
1st term 7.25 492 0.00 1.49 477 0.20 0.00

#=400 | 504 term 10.02 1308 4050 2.60 7.07 1793 1690
3rd term | —136  —734 —1017 | -071 1071 —11.91  —9.48

©2=410 | 4th term | 1791 1065 3033 3.38 113 6.22 842

Fig. 7. Examination of permeability by
equation (8) after Kochina.
circle—£2=0.016
square—k=0.012
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Fig. 8. Time change of P calculated from equation (4) and #’ calculated from the flow

rate to the rain simulator at each section.
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Fig. 9. Correlation diagram of the readings of pore pressure meters and earth pressure meters
versus corresponding readings of manometers, i.e. PP1—(M,+ M;)/2, PP2—(M;+M,)/2,
GD1—(M,+Mj;)/2, GD2—(M;+M,+M;+M,)/4. (unit : dyne/cm?)

6. MEBOHECONT

WANWAKAITEOHEAIESEEF = v 7T 57-9IC, Fig. 3 DXSICTE2IBLORIERSEA
LTHths, +ontieRELLDR </ A — 2 —ERIBUKEH S S0 TH -7, Fig. § ERIBR K EGT
EHEEHCONT, =/ A — 4 —DFEAEOHBE T v F LA DT, THOEROGALELHEBO X
XZHINHDEBALESGDTH b, MBKTIFOBEREICONTE, BLBZRREVBRIEIRIFEVZ
E5e FFEHIBBMKEE BN ETEOTERET 200 Th 2508, HBRKEOEICH L TERIKA LN
EA—IEEET 2 L5 Th b, L LEEOEMNOEMILED LI, BHALESYARELL BT NIER
Sz AIid, HTHOZEABMDEOZELIZIIEA LD ST,

EMENOR EDHIIR, AE Ty 2Ly A—4%—F v 7 (GRPT tensiometer %38 ) % (£
ALY, WENbIZEASEEREIED 7. CREEBZ L CRAMLOREMSHSTET, LEHESR
ORENCEEB DB S - 12/2HT, Y PLIFORRDO HICHL TR H2BET 52 & Bbi b, #IFK
BIVEAICE, 7/ A —F —THBB ST IRMB DB L O BIEL L2 T EBH 7008, T ORfEHKEEF
2 — T OHRICREESEAD LML -7-OT, THEOERTE HBRICIE->TVWETLEERLTED, Th
KX ->TESENORESAHET A EMNTEX (EATKE —20ecm $H0) 6

7. & UL
COFHEROBEL IS SAROKEE RBTC LRIRBETH 50 KEROATICOOTE, HAN

— 10 —



W A T B R R R 553

KR ZOEHSBHERHTHFTHA S,

THOBMRELIEET 2 B TEEMd o7 HESBEELE»-7cBBE LTE, 07 —F1EH
ENEBOEENEZ bhb, b LAEBOHRSKENETIE, 4BROERICEREZEL KT THAD
B, 7Y =72 0RBEEE S EICE-T, T—FIEREHRLUTERLTAH 512513, MEEOER
IRWBED L SN TDBPETRB L EMTEETHESL D,

FEORFICONTIRGERD S BT BHONTNEY, LCHIETELEV> ARSI, HEFHE LRI
ML S EHARBCRES VbR TS, LHLEHMS, cNFRNELLNC &I, LHOEIRE
B —JICHIET B EDNTERODS, FEATAHLEETAET 22 L0, AROERORSERY
HREICBEEbNS,

4 5

EREE O LTI, EEROEEEMEEORBICEREIEE0E 0. RROFKITICHRL
T, HIE~ 0 97 5 CICHIE - P OB RO MR BIC A S & CADKE . %7, LA
UHEERIOEHEIN-bDTHZ, CiLTHELET 5,

& £ X ®#

1 BEBEE o0 T, MERkGE, $e%, 2%, 17, pp. 135152

2) JIORME : (MO DFNER B X OERBEC ST, Hiibpi, No. 9, BH27, pp. 8-14.

3) REATE : [T~ OEOREIC S &5  LHNONH sy 32—t 51k, HWH, No. 7, M
27, pp. 11-13, 24.

4) R LENO g, T, I, I, HDF, No. 13, #29, pp. 19- , [A No. 29, 433,
pp. 1-10.

5) HHIER : —H2fE EOREOR Y, EBRY WG A, No. 21, 138, pp. 1-12.

6) Nye, J.F.: The flow of glaciers and ice-sheets as a problem in plasticity, Proc. Royal Soc. Lon-
don, A 207, 1951, pp. 554-572.

7) HEE  EIC L 2R ERIE ORISR, Tibk, No. 22, 1431, 3—9, 3&

8) Polubarinova-Kochina, P. Ya.: Theory of ground water movement (translated), 1962, pp. 497-
512.

11 —



