A T S SRS S SRS DI UL LG LRLD BB P RL LU R LD DD FBLD SR S U U DA A W R

K& EJ

2.1.3 FEREHEHN Manual(1)

4 #ERE BTHE

HE MHE 2 Qe RlELEmn s A5
£ BRI FE (limit equilibrium method)©]
th. o] Jikel WAl A= & FElA on] Huk
3 ub AeF(E, 1988).

REFH A A= BABE Follz 3t
o # U RTHERE =HEo] dloof =
A ARgo] i AREH wWEe A
7= 3k Ayl RHECEm TSRS o8 sF
A7y gERAN oW & Hikel ¥ wadk #
Ry 234 2x 4o

= PHERER = BETHS Em3 HE
b BRIEE RIS TEC] MY BE X
o A4 o EEs

ofefiell & EFiEol WRES 2 SR Kk @
B3t ot

O ¢=0 B¥E

o] Hik ¢=0 KT EHIBBHRHS &
Eg FRLREWETEeZA Hds] mfFEsAq
Mmoo 2= RS

Fojz EIESAES e L oes
zro] EgH

Fe M, _ resisting moment
M,  overturning moment

M,=R¥cd, M,;=Y, Wz
o714, R ; BEES $£E,
co 3 % 2IE STERE
*EEA - BFRARE TRAR RIS #E

:
i
|
i RITRE(V)
;
2

B R GFEWR

4
[ I L T

e
z
:

5% HEAY BT
W % LBEme] ER
z 5 % TJEHEES] ZHE 2ge]

¢=0 fEpiRAl g weAR HEREFE g
3

@ 2 HiEshn-s 2ok Fig. 4. .

®@ WE--i8E +F SEREE ek S8 &
WO R sEIgket. #mstalel Fol deod, &
+ HES Yo HEREE Al Foz Ik
Bloj ok ghrt,

© % Li@niael et mEg, EiE, ZAE
ZAol, EWEE FHECh  wWHS R
(planimeter) & FIASA Y Bif< EWUATE, =
AT, BEe R Jriifkste] FhEgc).

EHE ZZol: [He L HiHES Bos AF
ol KFA=E AlA Tt ¥ 4.1 i
7E A A BAE o= AY el E
L Ut

% LEEHES 2R EE A% o) fE =a
E M, o]t}

@ % -LiEmel Hete] [ERe] o], 3y
SREE, IR (RN o] x BEAE), EAEGL
HWHXEY PEOE kEdd. £ LEEEm
EElEE A3 Ao i BHE M o)t}

® FoA WEEH] B wREE HES.

F=M./M,

® HEEF @dA @4AF Ee RAR
el Wdte] 5 Fo] dto] #RAo] Bt FH
HE Zropde}. o] = & EH2 Ko BEHEE

KEBLETEEE 85



Hel #3 Zoldl 25 HIT Ao},
® THE ol BEmEE HEstw 99 24
¢ EHEeSd 2 HEY ERE 5 %2l @
R e Be Zolisl o %ado] 2

Fme KR At

B 4.1 =29 4-10) ¥al
e Flime kemg ik

[ESRAE Byl

y=1.92t/m’
® Arean3s.96m

(minus to Ill

® Water.y ~1t/m /@

Area 30 24m
y=1.68/m

Ro e
AreaZI50. 76n

y=1.60¢/m
Area4ln

©

Fig. 4.1 Method of moments for ¢=0
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Section 1?;:% weight | (t/m) ;\gfnn(lggt (t-m/m)
€y 23 r(t/m®)|(4)=(2) (5) (6)=(4)
(3 (3 (5)
® 39. 96 1.92 76.72 1 9.90 759.53
® 41.04 1. 60 65.66 | 6.90 453. 05
© 50.76 | 1.68 85.28| 0 0
© 30.24 1. 00 30.24 [—5.70 |—172.37
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N Average| Shear | Force [Moment;Moment
Section | length [strength| (t/m) arm [(t-m/m)
n (m) jeu(t/m?)|(4) = (2)|=radius|(6) = (4)
(2 3 3) im) B (5)
@ 4.20 2.93 12. 31 18.0 221.58
® 4.95| 1.95 9.65 | 18.0 173.70
© 20.70 2.44 50. 51 18.0 909. 18
® 5.40 0 0 18.0 0
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1304.46
F=o40.21 =1.25
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Yi =unit weight of layeri

hi  hi=height of layer at center of slice

Layer i{

Wi = partial weight = bhjy;

R

I w;=total weight of siice

e b hi yi Wi Wi

Fig. 4.2 Tabular form for computing weights of slices.

5
. =
Slice =
N w ! a c é u ul |Wesaf o S | o |wsina
0 o
, S g
i =z ]
Z

z

C=2 cohesion intercept

w
‘ ¢ = friction angle of base of F = T (Weosa-uf) tang + T c
u= pore pressure 5""_ : . I Wsina
v Y& A
Fo ————m—_ s

it T

Fig. 4.3 Tabular form for calculating factor of safety by ordinary method of slices.
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Layer,i{

Rk

7i=unit weight of layer ¢

hi=height of layer at center of slice

W:=partial weight=>bh;y;
3, Wi=-total weight of silce

Slice No. | & (m) | owmemy | Wem) | SW@/m)
1 | L5 15 | 176 | .88 | L8
2 1 4.5 3.9 | 176 | 30.89 | 30. 89

1.2 | Les | 0.00 |
3 4.5 .
5.25 | 1.76 | 58| 50. 65
3.45 | L6s | 26.08 |
4 4.5 S F—
5.8 | L76 | 6.3 | 72.41
1.2 | 176 | 9.50 |
5 45 4.5 | 168 | s.02 |
5.85 | L6 | 1633 | 80. 85
| 545 | L7 | .32 |
6 4.5 4,5 ‘ 1.68 34. 02 [
5.25 | L7 ass | 10202
45 | 176 | 6t |
7 4.5 45 | 168 | L0z |
4.5 [ 1.76 ‘ 35. 64 [ 105. 30
45 [ 176 | .64 |
8 4.5 4.5 } Les | .02 |
15 | L7 | .88 | 81. 54
45 [ .76 | 38,02
? 8 2.25 | 168 | 18.14 56. 16
10 3.3 2.25 | 176 | 13.07 13.07
|
|
|

88 5% 2% - 19894 6A

Fig. 4.5 Example of use of tabular form for computing weights of slices
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73k, of slices.

S W] 1 e ) ] ¢ | 0 [Ty @ |wen
1 | 18| 525 | —32 | 366 | 5 | || 10.07] 10.07| 0.88 19215 —6.20
| s0.e9| 485 | —22 [ 366 | 5 | 28.64| 28.64| 2.49 |17.788 | —11.57
| 5065 465 | —13 | 3.66 s | 40.35 | 40.35| 4.29 | 17.019 | ~11.39
4 | ra| 483 | -4 366 s | | | 72 7223, 628 | 16.580 | —5.05
5 | 8985 453 | 4| 366 | 5| | | 89.63] 8063 7.8 16,580 6.7
6 loz92| 465 | 13 | 366 5 | || 100.28 | 100. 28{ 8.72 [17.020 | 23.15
7 10530 4.8 | 22 | 3.6 5 | | | on.63| o7.63| 8.49 |17.680| 30.45
s | 8Lst| 525 | 32 | 366 | 5 | || 60.15| 60.15 6.02 19.215| 43.21
o so6| 660 43 | oo | om0 | | | anor| 407 357 | s234 830
10 | 1307|555 | 55 | 020 | s | | | 750 7.50] o.65 | Leog| 10.71

T S A N T N O R N N

SR N R N N R N B |

N N T s A N N s

e

e

SR T
r 4 49.19 | 145.94 | 126.79

c=cohesion intercept Fe Y (Weosa—ul)tan ¢ + 3 cl

B $=friction angle at base of slice 2 Wsina
_\_iat w=pore pressure po 9513

\_(/,\ ~T126.79
2

Fig. 4.6 Example of use of tabular form for calculating factor of safety by ordinary method of slices
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*When a slice crosses more than Fe S {(W—ub)tan ¢’ +c'b} /m) 4
one layer having different unit L Wsina b .
weight,use the tabular. a—cOS a(H— tan a;an g ) :5 —*——74*:._
computation form in Fig, 4.4 E . Aeeumed
Z(6) S ~ Calculated F
F= (8 l 445° ulate
Assumed F

Fig. 4.7. Tabular form for calculating factor of safety by Bishop’s simplified method
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Fig. 4.8 Determination of m«

3.15m

6.00m

Fig. 4.9 Example 4.3

12| s |4f 5] 6| 7 [8]ofwu 1213 | 14 15 1 16
' : R 14/15
.l \ wr| a | . u 3% 12+ "
slice r(rtz/) tan ¢ (m) ® | ¢y |sine 5><7I(;2/> 4% 95—10 112><4‘ 13F=[F= [F= _ |[F= [F= ‘F ’F—
| 50l 7ol 60/ [1. 5001. 7011
[ — —_
1| 1.0 0.554 1.5 1.95 ;oo —0.20]; 4| 0.60.90] 1.050. 58]1. 50]. 0glo. 0100, 9200, 91]  |2. 29]2. 26]2. 29
2 | 1.0 0.554 1.5 5.70~1.53—0.02; ;| 1.2 80] 3.902. 161 50[3. 66]. 09l0. 990. 99 [3.70[3.70}3. 70
3 1.0 0.554 1.5 8.10] 7.97 0.141.17] 1.62.40] 5.703. 16]1. 504 6ef1. 031 03103 4. 52fe. 594 50
4 | 1.0] 0,554 1.510.20] 17.40 0.30}3.05| 1.2 85 7. 35t 071 505 57]1.05 104105 15. 30]5. 36[5. 30
5 | 1.0] 0.556 151140 25.3 0.434.88] 1.72.55 8.85/1.91[1.50[6.41|1.061. 05105 l6.05.10]6. 10|
6 | 1.0 0.554 1.511.70 57.45) 0.6107.12] 1.11.6510.055. 57]1. 50[7. 07]1. 010. 991100 7.007.147.07
7 1.0 0.5 1.5 9. oo] 19.88 0.766.88 0 o | 9.004.99)1.50.490. 930, 90l0.90] [o. 987 21]7.21]
s 1.0 0.550 1.0/ 2.00 63.77 0.901.80 0 0 | o001 11[1.002 11/0.780.750.75 2. 672 81281
— ' { , - '
I EEEEREEREE |
i ! \ ;’ ! | i i
| s ]
| | | I ; '
T Tty i
22, L9850, 139
L5y 2 1 10l o
) Lool
* When a slice crosses more T {W—ub)tan ¢’ +c'b} /ma] e
. . F= = /
than one layer having di- LWsina I /
fferent unit weight, use mu—cosa(1T ‘tan @ tan ¢’ | ) :; g f\
the tabular computation F jl/ y :(-fﬁlsunlled :F
form in Fig. 4.2. F= ;(16) . q45° “aleu ‘ate
Z(B) Assumed b
When assumed F=1,50,
~38.51 1.7
calculated F= 24,34 =1.58 w /
When assumed F=1.70, E 1.60---_/___%2(/‘1
= i
39.10 E !
calculated F:W:le S 150 l‘
When assumed F=-1. 60, ‘45/_ f !
L
39. 00 1.50 160 170
calculated F=—5% 5434 —1.60 Assumed ¥

Fig. 4.10 Example of use of tabular form for calculating factor of safety by Bishop’s simplified method
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r © /. y=192un
@

3m c=0
@ = $=30°
E_~
1.2m @ Bl eam (;:(2). 4au/w
D C

Ve Normal to A-B

3
w
1 21"~ ¢m for F=1,50
= .
Resulutant of normal
and shear forces on A~-B
Side force between slices (I) and @
) Trial Solution for
3 /—I\ormal force on B-C N ) Assumed F=1. 30
l\' .
I
=
| Cohesion force on B—C=0.85t
)» Side force between slices (2) and (3)
_S-ide force between
slices 3) and @
) : Unbalanced force on slice @
very small) .
: shows assumed F is not correct
) Normal force on D-E
@ Cohesion forcé on D-E=0. 85t
a A\l
o
)
T P Normal force on C-D
=

\—Cohesion force on C~D=2 18t

Fig. 4.11 Example of graphical procedure for wedge method
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b

: 7i=unit weight of layer i
‘ h;=height of layer at center of slice
. . W;=partial weight=>5bh;y;
Layeri h{ . .
o Y Wi=total weight of slice
|
I

Slice No. b (m) [ hi (m) 7: (t/m®) Wi (t/m) } Wi (t/m)
1 t 1.74 1. 50 1.92 5,01 ! 5.01
3.00 1.92 3.28
2 (RIGHT) 0.57
0. 30 1.92 0.33
2.70 1.92 2.80
2 (LEFT) 0.54
0. 90 1.92 0.93 7.34
1.62 1.92 13. 44
3 4,32
1.20 1.92 9. 95 23.39
0.27 1.92 0.58
4 1.11
0.56 1.92 1.19 1.77

|
|
|
|
|
|
{
|
|
|
?
|
!
|
|
|
|
|

|
|
|
|
|
|

| |

Fig. 4.12 Tabular form for computing weights of slices.
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Normal to A-B

=4
)
il 15.4°=¢m for F=2.10
=
Resultant of normal
and shear forces on A-B
Side force between
slices (1" and (2.
3 Normal force on B-C Trial Solution for
T Assumed F=2.10
o )
Cohesion force on B—C=0.62¢/m
’ Side force between slices (2) and (3
/
— Side force between . . Very small unbalanced force
slices (3. and /4. on slice (4) shows assumed K
is very nearly correct
s
™
- Il
- =
& Normal force on D~E
e ®
o)
Q.
] . S
.s“ Cohesion force on D—~E =062t

rhNormal force on C-D

o

¥Cohesion force on C—-D=1, 54t

Fig. 4.13 Example of graphical procedure for wedge method. (continued from Fig. 4.11)
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Fig. 4.14 Determining factor of safety by wedge
method.
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Fig. 4.15 Tabular form for calculating factor of safety by wedge method.
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Fig. 4.16 Example of use of tabular form for calculating factor of safety by wedge method.
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Fig. 5.3 Slope with complex factor of safety
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Fig. 5.4 Trial wedge mechanism cf failure.
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Table 5.1 Recommended minimum values of static factor of safety

Uncertzinty of Strength

rements
Costs and Consequences of Slope Failure Measu

Small? J Large?
Cost of repair comparable to cost of construction. No danger to 1.75 1.5
human life or other property if slope fails.
Cost of repair much greater than cost of construction, or danger L5 2.0 or greater
to human life or other valuable property if slope fails.

! The uncertainty of the strength measurements is smallest when the soil conditions are uniform and
high quality strength test data provide a consistent, ccmplete and lcgical picture cf the strength

characteristics.

? The uncertainty of the strength mezsurements is greatest when the scil conditions are complex and
when the available strength data do not provide a consistent, ccmplete, or legical picture of the str-

ength characteristics.
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