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Slope Stability Analysis of Weathered Soil of Sangun Metamorphic Rock
based on Strength Anisotrophy Characteristic

Yasumasa KOYAMA (Graduate school of Civil Engineering)
Tetsuro YAMAMOTO (Department of Civil Engineering)
Motoyuki SUZUKI (Department of Civil Engineering)
Hiroshi HARADA (Nittoku Construction Co, Ldt.)

In considering slope stability with accuracy, strength anisotrophy is one of most important factors. This paper
describes slope stability analysis of weathered soil of Sangun metamorphic rock based on its strength anisotrophy.
Sangun metamorphic rocks have a variety of schstosity. Undisturbed soil samples were sheared at different angles of
shear surface to schistosity in box shear test apparatus. Main conclusions are as follows. Firstly, as the angle of shear
surface to the schistosity, the internal friction angle increases and cohesion decreases. Secondly, safety factor
obtained from Bishop method is significantly affected by the strength anisotrophy due to the schistosity.
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(a) Sample-1 (b)  Sample-2
Photos. 1 Overview of undisturbed samples
Table 1 Physical properties of soil samples
Name of 0 U Duie | Dso F. Fora| wo Wy Classification
Sample | 1P °F 70K ) (p/en)| " Jam e | @ | @ @@ | "] ] or il
Sample-1 | Basic schist 2.757 - 11.7{0.009]95.1(35.2{53.4[22.7|30.7]0.46 CH
Sample-2 | Pelitic schist| 2.687 [20.6]14.0|0.104|44.2|8.2 |52.3[42.6(9.7 |-1.49 SF-G
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Fig. 1 Grain size distribution curvesof soil samples
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Fig.2 Initial void ratio and degree of saturation of samples
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Fig.4 Shear behavior of Sample-2
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Fig.6 Stress paths of Sample-2
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Relationship between a and strength parameters

Table 2 Coefficients of Equs.(1), (2)

Sample ¢ a(a) cal)

Name A B C D E F
Sample-1 | -0.001| 0.198 | 25.51 | 0.004 |-0.602| 62.86
Sample-2 | -0.001] 0.191 | 28.51]10.002 [-0.448] 72.73

AHD BB CIHE IO DERALNDLD, ZTIUIR
FELEEI TLA BT H AR —MRRR & LTE XL
5. —7, o7 98kPa I3 N 147 kPa DA, ©-D-AH
BRICHWNT, a BRELARDITE, ¢ 1FKREL 22D,
ZO—FTAH TN EL B HANALND.
Sample-2 {ZBAL T, tDBHRTIE o PREL2BIF
L, B MEORBISGENSALNS. AHD BIf%
IZBWTH o OERROND. oF 98 kPa lZisl)
% oa=30° ,90° OHE, AH OFEHNEAME & Hilg L
TUNSWVDIEFAREEEHZ L DR EDTed LB 2
5D,

Fig. 5 BIL6 IZZENZFH Sample-1 I L2 DA
WZBITS © & o OBRE Y. &K@~ DT o
TEIZhITTRY, MR o (ST DIRE TR ¢
JBEWR ey ZoRLTWD. Sample-1 (IZFL T,
Fig.5(@), (c) BX ) ITRTIEHIREO~D% 25
&, BABHIEES T oy BETHIINT DEANCH S.
ZDOZEIFFig 3BT 2O~@D t-D- AHBIfRIZ
BT, FoyDFT AHD BHROEREII/NEL,
TA LA IFTEFIRBIZ R > TND Z L
SIEHES LS. Sample—2 DA, Fig. 6(d)zBIT5
o= 147 kPa OBBHIEAMNILED oy OHEIINRARD
AR, ZAUTAEEELEEHT K A R — 03B 2 B
5.

Fig. 7@ BIUVOIZENEIL o & ¢ BL P cy®
BRE T Mk b, o BRELRDE, o 0TK
xR0, ZO—T e (WhEL R BHENCHS.
Sample—1 BL2 DHAED o= 0" £ 90° 1ZBIT5 ¢,
DEFTENTINT.5 BIOKIS T, c DETH

Direction of observation

Fig.8 Photography condition

20 kPa B X U¥I 14 kPa THD. o ERELT DL,
AW DOFEEU TG 53 D> O BRIy~ L AT
5X9THD. al o, BLO ¢, EREERIL LT
HLOEZENENR() BLOQ) (RT. Table 2 121
() IZBIT DR, B, €, R(2) 12T HIR54D, E,
F OEZERL TN,

¢,(x)=Aa’ +Ba+C 1)

c,(@)=Da’+Ea+F (2)

UboZ & X0, A& EABmEOR T AR o 1350
JERE R RE S EfLSES.

Q EEZEFIEME SEN) 12k 5 LA FIEEDEER
Photos. 2 (Z Sample—2 DR DY AMWTHEH O R+
RG24, o= 147 kPa ORREMEEH L7=. SEM &
fEERIF 1000 15 & L, g fAidFig. 8 I3 L o1t
AN U CRE A E L, &K () ~ () 13FH
FH oa= 0" ,30° ,60° ,90° DPFEATHSD. a=0°
DY Er, F AW O LRA- DA ZEIR & WA TN S,
WIZ =90 OEFAE AN O RS HEEL AL L

IR TR S



80 (80)

© «=60°

@ «=90°

Photos. 2 Microstructure of soil particle on shear surface
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Table 3 Example of Calculation sheet by Bishop method
(a) Calculation sheet 1

m, F, Ist value 2nd value 3rd value 4th value

b | H @i [tan ¢ tana,| W, A= Wisina .  F.=2.0 F,=2.78 F.=2.91 F.=2.93
(m) | (m) (D) (kKN) |[Witan ¢ i+c;bi| (kN) m, A/m, | m, A/m,| m, A/m,| m, A/m,
112.03.20]| 64.7 1.01 101.70 172.02 91.95 [0.64267.79/0.58[295.67/0.58(299.14/0.58[299.14
212.016.19 | 44.7 0.52 196.72 217.26 145.53(10.85{255.92{0.80(271.78/0.79(273.68{0.79[273.68
312.516.87 | 33.7 0.32 272.91 284.44 151.42]0.96{/295.05/0.93[306.88/0.92({308.26/0.92[308.26
412.515.65]| 20.4 0.18 224.45 261.36 78.41 1.02]256.20{1.00({262.21{0.99(262.90[{0.99(262.90
512.513.79 | 8.30 0.07 150.56 226.18 21.66 |1.02{220.92{1.01(223.01{1.01]223.25/1.01]223.25
6 2.5 |-3.54] -3.50 -0.03 -140.43 87.64 8.66 0.98[89.12 [0.99]88.74 [0.99[88.70 [0.99]88.70

X=497.63 ¥=1384.98 X =1448.30 X=1455.94 X =1455.94

o

Case of Sample-1 (a=0 )

Unit weight vy, (kN/m*)| 5.89

Cohesion ¢, (kN/m?) 63.1

Internal

friction angle ¢« (D) 25.5 0 5m
Ly v

Fig. 11 Sectoin used as Example of slope analysis
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- 2 Am,
Y Wisin o ;
Initial value F,=2.00
Ist value F,=1384.98/497.63=2.78
2nd value F.=1448.30/497.63=2.91
3rd value F.=1455.94/497.63=2.93
4th value F.=1455.94/497.63=2.93
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