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Slope Stability Analysis and Design

Slope stability analysis is performed to assess the safe design of a human-made or
natural slopes (e.g. embankments, road cuts, open-pit mining, excavations, landfills etc.)

and the equilibrium conditions.

The main objectives of slope stability analysis are finding endangered areas, investigation of
potential failure mechanisms, determination of the slope sensitivity to different triggering

mechanisms, designing of optimal slopes with regard to safety, reliability and economics,

designing possible remedial measures, e.g. barriers and stabilization.




FACTORS AFFECTING SLOPE STABILITY

1- Soil Type
2- Geometry of the cross section (Height, slope angle, etc.)
3- Moisture Content

4- Pore water pressure
5- Additional loads

6- Shear Strength reduction

7- Vibrations and Earthquake
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To Analyze and Design Slopes:

Depthl
1- Planar Failures  (Determinate Problems)
* Infinite Failures  Small depth, Long failure surface " B
» Finite Slope Failures Simple wedge
2- Circular Failures (Determinate & Indeterminate Problems)

i e e

* Above Toe
» Through Toe
» Deep seated

3- Wedge Failures  Multiple Planer Failure W]/ f
4- Complex Failures  Combination of Planar & Circular ﬂ




1. Planar Failures

The Concept of Developed Friction

Driving Force =T =W . sinf Developed Friction

Resisting Force = F = N tandé = (W.cosp) tand

FS. = |:resisting/Fdriving
/
Resisting Force
FS.=25=—10
Driving Force
ot trgg?ﬁgk ?
. R §§'~ e S
W I
R . t F : = Q\ : e ‘ Tensil?n
esistin orce e A e
FS.=1= J L e ;g;—,—'|
T Driving Force G ‘

On the verge of failure



FACTOR OF SAFETY

1- For Shear Strength
Tdeveloped =t/ FS.
Tdeveloped = (C +0 tan¢) /' F.S.

2- For Shear Parameters

c T Developed cohesion or

Cd =c/FS. Mobilized cohesion
tan¢, =tan¢ / F.S.

\_/ Developed angle of friction

3- For Height of the Slope

Hgesign = He / F.S.



INFINITE SLOPE

|. PLANAR FAILURE or Transitional Failure

A- Dry Soil (¢ soil)

~~~~
L .

N,

.
. ke
““““““

Failure
Surface
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A- Dry Soil (¢ soil)

~~~~~
e SN,

~~~~~

Driving Force = F; =y H cos B sinf3
Resisting Force = F; =y H cos B cosp tan¢

FS = Fr/Fp GS ““““““““ o ) B
_ v Hcos [ cosp tan¢ \ 2
i v H cos B sinB

FS

Failure
Surface
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B- Submerged Soil (¢ soil)

W =y H cosf3

Driving Force = F;=v H cos B sinf3
Resisting Force = F; =y H cos B cosf3 tan¢

FS=F./Fy
=S
o= g |
v H cos B sinf
_ = el
tanp

Failure
Surface




C- Seepage Parallel to Slope (¢ soil)

Pore Water Pressure (u)
S = taﬂ (1- @ )
tan VeoilH COS?3
G.S.

Z = Pressure Head

What is Pressure Head?
What is Total Head?
What is Elevation Head?

Failure
Surface

Total Head = Elevation Head+ Pressure Head

Go to Next Page
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Total Head, Elevation Head and Pressure Head

+y
Total Head = Elevation Head+ Pressure Head
|
-
1
-2dh
/TPiezometers = —\}—H—JH
)”/ ] dq\\‘\_\‘ ;:5 -ah
| !
[/ Head Loss do~r ] A
Pressure -
Head ) ! \dq
& v(\' § sl - H /ﬁ(
\ NN Equipotential \dq
line el Py
\ .
Equipoler:hol line \
\ 8 - B +X
Elevation 2 »
Head phreatic line o
i i A%\
Atmospheric Pressure Line  _~ ((\o*’*
Datum

Pressur:
Elevation | " // Pressure Pore Water Pressure (u)
Head Head -
—
. Pressure head *
Elevatfon Elevation g ( Ywater)
Equipotential Line Head yz

Datum



For the infinite slope shown below, what is the pore water pressure at point A ?

Z=d, cosa(cosa) A . _
W « b / Soil Surface
d
0>
/ - Water Table
Z = Pressure Head vy /,./// -
Pore Water Pressure (U) = Yyaer * ¥ Z _-
Assumed
failure

surface




D- Infinite Slope in c - & soil (with seepage)

t
FS = < +(1- - an¢

'YSO” H COSB SinB YSOiI - COSZB tan3

If nO seepage:
u=20

If Submerged Slope:
u=0 y=y

Failure
Surface

By Kamal Tawfig, Ph.D., P.E.



Critical Height H, at FS=1 (with seepage)

A
FS = & — +(1- U o _, I ’
Isoi H COSB SmB ¥ soil H COSZB e - l
................... A 8B
H = C - u tand) """"""""""" Weig W cosp
=
Ysoii COS?P (tanf - tang) A
P i 5
Stability Number Ns E
Ns = L r = U pore water pressure ratio
vYHC 4 yH .
Cdev: FSC
General Equation: e
an
H. = . C tand)dev :F—Sd)
Ysoil [SINB cOSP - tang (cos?P - r)]
_ tang
Or (I)dev_ tan-t ( ES )
Cdev (b
H =

Ysoil [SING COSP - tand,, (Cos?B - r,)]
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General Equation:

C
H =
’ Ysoil [SinB COSB - tan¢ (COSZB - ru)]
N, = © sinf cosp - tan¢ (cos?B - r,)
YH.
N, = Ca =sinB cosP - tand, (cos?B - r,)
yH
Ns = - sinB cosp - tand, (cos?B - r) N
yH
/ C \ :
Cd = - C
FSc Ns = YH
tan
tang, = b
\ FS, j




Planar Slope Failure

Finite Slope
*
4¢[ sinP cos®
HCT' =
v |1 —cos(B — O)
H
. _4cd sinf cos @, ;
design — y 1-— COS(B - (Dd)
. YH |1 —cos(B — @y)
d — 4 Sinf COS(Dd



Example:

Given:

B= 300
o= 320

c = 180 psf
FS=1.5
Find:

Safe Height

_vH [1 — cos(B = 8)|

‘4= Sinf cos@,
uo - 4¢ [ sinf} cos @
=Y [T=cosB — 0.
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Circular Failure Surface (Cohesive Soil)

Determinate Problem
Number of Unknowns = Number of Equilibrium Equations

M

resisting

I\/Idriving

Center

I\/Idriving = Wl' a,

W, = Area (BCDE) . v

M

c.L+W,.

resisting =

By Kamal Tawfiq, Ph.D., P.E.



Circular Method in Clayey Solil (¢ =0)

Factor of Safety =

center

Radius = R

center

7

Resisting Moment (Mg)

Driving Moment (M)

Radius = R

R.0
J

W,  Shear Resistance =C =cL
Yellow Area x Soil Unit Weigh /
How to find W,;, W, CG; ,,qCG, ? Resisting Moment (Mg) = W,xa, + CxR

Refer to your Eng. Mechanics course

Driving Moment (Mp) = W&x a,

Green Area x Soil Unit Weigh



Circuler Failure Surface in C - ¢ Soil

Indeterminate Problem

Number of Unknowns # Number of Equilibrium Equations

W varies from point to point. Therefore, N & F will vary from point to point

Center

W2

W1



Circuler Failure Surface in C - ¢ Soil

Indeterminate Problem
Number of Unknowns # Number of Equilibrium Equations

W varies from point to point. Therefore, N & F will vary from point to point

Center




Stability Number

A variety of charted solutions exist for the simple
geometry considered above.

For the undrained (total stress) analysis of slopes
charts produced by Taylor are often used.

The charts are based on the analysis of circular
failure surfaces, and assume that soil strength is
given by a Mohr-Coulomb analysis

Tension cracks are not considered



Taylor's Method




Stability Number ¢ /yHF

0.35

0.30

0.25

0.20

0.15

0.10

0.05

Taylor’s Chart

T “
— / Casel DH (Case?2)

[ Where full lines do not appear, this case is not

T T

—

)

* and failure arcin
Zone A Critical
circle passes

" through toe and
stability number

. represented in chart
by full lines

DH=H , D=1 ) \ I Typical cross section
-/

' Case3
Case 2 (B)

Typical cross section showing various cases
considered in Zone B ,

Case 1: The most dangerous of the circles passing
through the toe, represented by full lines in chart.

appreciably different from Case 2

Case 2: Critical circle passing below the toe, represented ’
by long dashed lines in chart. Where long dashed lines
do not appear, the critical circle passes through the toe I

Case 3: Surface of ledge or a strong stratum at the
elevation of the toe (D= 1), represented by short
[ dashed lines in chart

For ¢ =0and 1<D<w
see companion Fig.

0 10 20 30 40 50 60 70 80 90

Slope Angle i (degrees)



Stability Number ¢ /yHF

0.19

0.18

0.17

0.16

0.15

0.14

0.13

0.12

0.11

0.10

0.09

For i >54° use Companion Fig. with Zone A ¢=0

Case A. Use full lines of chart,
short dashed lines give n values

DH

M H/
— S
Case B. Use long dashed lines of chart

3 4
Depth Factor D



Example 1:

Given: T
Hdesign:

Cc, = 20 kN/m?

¢, = 10°

Youlk = 15 KN/m3

FS.=1.5

B=30°

nd: 0.35

—_— | | | I |

H I __,/ e e

ja
T = b}
. 1 ..~ DH-H,D=l —
Safe Height (H) =
0.30 oH ! e Case 1 DH (Case2) -
Cae2” ® | ‘?z:f."g:ﬁh
:a‘\sda.lﬁcdlj;\zoncﬂ Howing v e j b;rwf“;;zlﬂﬂ "

Case 1: The most dangerous of the circles passing
#irough the toe, represented by mtumi chart.

0.25 Whire foll lines do not appes, thit case is not -Ilq
appreciably &ﬂc!mttmm Case 2 n
or ﬂ:300 Case 2: Critical circle passing below the tos, vepve: wul!d [\

hed 1i ines |n chart. Where long dached lin,
le passes through the toe ;

Solution:

Civie 3 S of le dremg stralum at the
elevation of the toe {D 1) Ieuescm:d.b sJ\ort h""\
020 [ dashed lines in chart I

For ¢ =0and 1<D<=x
see companion Fig.

Use the chart with i = 30°, and ¢, = tan’ ( tin5100) = 6.7°

Stability Number (c / yH)

20/1.5
15 X Hdesign SN=0.100

20/1.5 Ry
= 8.88m L

SN=0.1=

H = —
T 15x0.1 /

0 10 20 30 40 50 o0 70 &0 90

Slope Angle B (deg)



Example 2:

Given:

C, = 20 kN/m?
¢, = 10°

Youk = 15 KN/m3
H=7m

B=30°

B= 30°
Find:
F.S.

Solution:

Trial # 1
1- Assume FS¢ =1

2- Use the chart with g= 300, and~¢,., = tan’ (%00) =100

3- Go to the chart and find SN for ¢4, =

SN = 0.075 = —dev
15

4- Cy, = 15X 7 X 0.075 = 7.87 KN/m?

5- FS, = c/cy,=20/7.87=25

Therefore the Assumed FS¢$ # the calculated FS,

Stability Number (c / yH)

0.35

0.30

0.25

0.15

0.10

SN=0.075

0.05

| | [ | | | | |
i ] - w
N — (’// DH=H , D=1 ) gl F)plal crass section
T T ) adfalweacin
B —] L T ot omemy o] ImAGE

,Cuse 3 through e and
ough toe an
Case 2 ®) | stability number
Typical cross section showing various cases . ;n_:vrrmglnh hart
cemsderedin Zoue B | by fulltnes

passes through the toe

rimg dratem at the
(D= 1), representad by short

For ¢ = 0and 1<D=x

see companion Fig.

il

0 10 20 30 40 50 60 70 80 90

Slope Angle B (deg)



This means the assumed factor of safety was not the right one. So we need
to assume another FS¢ and solve the problem again for FS..

Trial # 2
1- Assume FS¢ =1.

2- Use the chart with i = 30, an ,= tan ( %00) = 6.7°

3- Go to the chart and find SN for ¢4, = 6.

SN=0.1= —dev
157

4- Cyoy = 15X 7 x0.10 = 10.5 kKN/m?
5- FS, = c¢/cy, =20/10.5=1.9

Therefore the Assumed FS¢$ # the calculated FS,

This means the assumed factor of safety was
not the right one. So we need to assume

another FS¢ and solve the problem again for
FS

c*

Stability Number (c / yH)

0.35

0.20

0.15

0.10

0.05

of the circles passing
. Inw b the toe, 1 mmlﬂlb full Boes in chast.

W iz
DH—H D—:I ) ¥ s section

- and - e in

Case | Dy (Ca | el

Case 3 e and

dnm s
ry‘ msas;clwshw\n g various cases ] va“m m chart
se 1: The most dangercu

: il

10 20 30 40 50 60 70 80 90

Slope Angle B (deg)



Trial # 3
1- Assume FS¢ 1.8

2- Use the chart with i = 30°, and e, = tan ( %00) = 5.5

3- Go to the chart and find SN for ¢, = 5.5° 035 ——T—T—T——T—T—T—T
SN =0.11 =—dev ”’j [f/ = }b)}
15 X 7 0.30 DH (Case2) circle passes

4-cy,, = 15X 7 x0.11 = 11.55 kN/m?

se 2 @) | stability number
Typical cross section showing various cases » representedin
consideredin Zone B l by full lines
Case 1: The most dangerous of the mrr_las passing

through the toe, represented by full lines in chart.
0.25 [ Wherefull lines do not appear, th casexsnnt Dlﬂ:
appreciably different from Case
Case 2: Critical :1rcl passmgbl w the toe, repre: sent d ’m
by long dashed lines in chart. “haral gdﬂsh ed lin
do not appear. the mt ml circle passes through the t l

Case 3: Surface of ledg ;tmgttumtth
elexnnofth toe (D—l) ented by short
0.20 [ dashed lines in chart

5- FSc = c/cy, =20/11.55=1.73

For ¢ =0and 1<D<w®
see companion Fig.

Stability Number (c / yH)

Therefore the Assumed FS¢ # the calculated FS_ = o5

0.10
This means the assumed factor of safety was

not the right one. So we need to assume 0.05
another FS¢ and solve the problem again for
FS

c* 0

0 10 20 30 40 50 60 70 80 90
Slope Angle B (deg)



Since we complied three different trials, we are ready to find the right
factor of safety by using the 45° line method

Assumed FS¢ Calculated FS,
1.0 25
1.5 1.9
1.8 1.73
3
So the correct FS is 1.75 25 .
? *
1.75 F o
1.5
1
0.5
0 T
0 0.5 1 1.5 2 25

1.75



Taylor’s Chart - example

Zones are marked on the chart indicating whether the
failure mode will be shallow or deep-seated.

If a deep-seated failure is indicated the soil layer
must be sufficiently deep to enable this mechanism to
oCcCur.

There Is a second chart due to Taylor which can be
used when the depth of soil below the base of the
slope is limited

This chart is only valid for ¢ =0



Stability Number (c / yH)

0.19

0.18

0.17

0.16

0.15

0.14

0.13

0.12

0.11

0.10

0.09

For i> 54° use Companion Fig. with Zone A ¢=0

Case A. Use full lines of chart,
short dashed lines give n values

DH

Case B. Use long dashed lines of chart

1 2 3 4
Depth Factor D



Example 3:

Given:

Cc, = 20 kN/m?

¢, =0

Youlk = 15 KN/m3

FS.=15

Find:

Calculate the depth factor D
Solution

DH=8+2=10m

D=1.25




Example 3:

Given:
I H=8m
Cc, = 20 kN/m?
¢,=0 p=30°
Youl = 15 KN/m? _
DH =10 m = 2m]
_ Rock
Find:
0.19 T T \ T T
Factor of Safety . Fori> 54° use Companion Fig withZone A =10
Solution
D=10/8=1.25
Cdev Cdev °
SN = = = 0.165 .
yH 15x 8 -g
z
Cger = 0.165x 15 x 8 = 19.8 kN /m? 2
FS, = 1.01 7
0.10 |- Case B. Use long dashed lines of chart |
009 | | |
1 2 3 4

Depth Factor D
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STATICALLY INDETERMINATE PROBLEMS METHOD OF SLICES

Center Xi

S, +4S

E, + AE

ai

By Kamal Tawfigq, Ph.D., P.E



Center Xi

Unknowns Associated with Force Equilibrium

n = Resultant normal forces N, on the base of each slice or wedge
«— A%y
1= Safety factor, which permits the shear forces T, on the base of each
slice to be expressed in terms of Ni R
n-1 = Resultant normal forces E; on each interface between slices or wedges S+AS V S
[
///
n-1 = Angles a; which express the relationships between the shear force Si Ei
and the normal force E; on each interface 0. >
' ey,
E +AE Wi ’ */'é
i i fef;¢
bi

By Kamal Tawfig, Ph.D., P.E



FELLENIUS METHOD (ORDINARY METHOD, SWEDISH METHOD)

Center

Xi

AX,

A
A

g/Si

Ei

S +AS

by
Co,
Sa

N; = Negg + U; L

_2CL; +(wicosb; -uiLytand

> W; sing,

By Kamal Tawfig, Ph.D., P.E



Ordinary Method of Slices

In this method.® it is assumed that the forces acting
upon the sides of any slice have zere reswliani in th
direction narmal lo the failure are for that siice. Thi:
situation is depicted in Fig. 24.12, With this assumption

No+ U, = W, cos
or
No=Wcost, — U, = W,cos 0, — wAl, (249
Combining Egs. 24.8 and 24,9,
fL+tand ¥ (W cos, — u, Al)
Fe= =l : (24.10

i=n

2 W sin 8,
i=1

The use of Eq. 24.10 to compute F is illustrated i
Example 24.4,

Here the assumption regarding side forces involve:
n — | assumptions, while there are onlyn — 2 unknowns
Hence the system of slices is overdetermined and i
general it is not possible to satisfy statics. Thus the
safety factor computed by this method will be in error
Numerous examples have shown that the safety factos
oblained in this way usually falls below the lower bown
of solutions that satisfy staties. In some problems, /
from this method may be only 10 to 15% below the
range of equally correct answers, but in other problem:

b Also known as Swedish Circle Method or Fellenius Method
Consideration of slices within the trial wedge was first proposed b
Fellenius (1936), ’ PP

the error may be as much as 605 (e.g., see Whitman
and -Bailey, 1567},

Despite the errors, this method is widely used in
practice because of its early origing, because of its
simplicity, and because it errs on the safe side. Hand
calculations are feasible, and the method has been
programmed for computers. It seems unfortunate that a
method which may involve such large errors should be
so widelv used. and it is to be exnected that more accurate

1—— M,'——I

Complete system of for

Fegultanl af all side
forces assumaed to
acl in thas direction

M tound by
surnming farces
in this direclion

ig. 24,12  Forces considered 1n qrdi.nar}' method of slices.



Simplified Bishop Method of Slices

In this newer method® it is: assumed that the forces
acting on the sides of any slice have zere resuliant in the
vertical direction, The forces N, are found by considering
the equilibrium of the forces shown in Fig. 24.13. A
value of safety factor must be used to express the shear
forces T,, and it is assumed that this safety factor equals
the Fdefined by Eq. 24.8. Then:

W, — u Az, — (1)F)e Az, tan 0,

S T oSOl + (tan 6, an gyF] MY
Combining Eqs. 24.8 and 24.11 gives
3 68z, + (W, — u, Az) tan F1[1/M(6))
Fom =t piam (24.12)

3 W, sin 4,
He]

§ The method was first described by Bishop (1955); the simplified
version of the method was developed further by Janbu et al, (1956),

where

M) = cos 0, (1 + &Fm"-f) (24.13)

Equation 24.12 is more cumbersome than Eg. 24.10
from the urdinary method, and requires a trial and error
solution since F appears on both sides of the equation.
However, convergence of trials is very rapid. Example
245 illustrates the tabular procedure which may be used.
The chart in Fig. 24.14 can be wsed to evaluate the
function M.

Fesultant of all side
forces assumed to
act in this direclion

N, tound by
summing forces
in thag direclion

12 Forces considered in simplified Bishop method of

The simplified Bishop method also makes n — 1
assumptions regarding unknown forces and hence
overdelermines the problem so that in general the values
of & and Fare nol exact, However, numerous examples
have shown that this method gives values of F which fall
within the range of equally correct solutions as deter-
mined by exacl methods. There are cases where the
Bishop method gives misleading results; e.g., with deep
failure circles when £ is less than unity (see Whitman and
Bailey, 1967). MNonetheless, the Bishop method is
recommended for general practice. Hand calculations
are possible, and computer programs are available.



This example is from Lambe and Whitman

. (1969), John Wiley & Sons Publisher
Center of failure Surface

/\R3Oft
’ T

9
v = 125 Ib/fte ~I°
¢ = 90 Ib/ft2 20 ft

¢ =320

.......... Drain Stiﬁ Layer

Pore Water Pressure = Ug = h,6 X ¥ water

Kamal Tawfiq, Ph.D., P.E.



1- Using Ordinary Method of Slices (Swedish Method)

Width | Ave _ N;

. . Weight : -
Slice AX Height (Kips) 0 W, sin 8, | W, cos 6, u, Al U, = u; Al
(ft) (ft) W, cos#, - U,
1 4.5 1.6 0.9 -1.7 0 0.9 0 4.4 0 0.9
2 3.2 4.2 1.7 2.9 0.1 1.7 0 3.2 0 1.7
3 1.8 5.8 1.3 8.05 0.2 1.3 0.03 1.9 0.05 1.25
4 5.0 7.4 4.6 14.5 1.2 4.5 0.21 5.3 1.1 3.4
5 5.0 9.0 5.6 24.8 2.3 5.1 0.29 5.6 1.6 3.5
6 5.0 9.3 5.8 35.4 3.4 4.7 0.25 6.2 1.55 3.15
7 4.4 8.4 4.6 47.7 3.4 3.1 0.11 6.7 0.7 2.4
8 0.6 6.7 0.5 55.1 0.4 0.3 0 1.2 0 0.3
9 3.2 3.8 15 60.4 1.3 0.7 0 7.3 0 0.7
12.3 41.8 17.3
i=n

cL + tan ; Cos@, —u; Al

FS — ¢E(\N' mAl) _10.09(41.8)+17.3tan32°  3.76+10.82 1458 119

12.3 12.3 12.3

i=n
> W,;sing,
i=1

Kamal Tawfiq, Ph.D., P.E.



tang, tang
2- Using Simplified Bishop Method M;(6) = cosé, (1+ =3 )
@) @) 3) 4) (5) (6) @ ®) ©)
M; (7)((8)
Width
Slice Ax C.Axi ui.Axi Wi-gi AX; (5).(Fan $) (3).+(6) Assume Assume et o8 1
(ft) (kips) [ (Kips) | (Kips) (Kips) (Kips) F=125 F=1.35

1 4.5 0.4 0 0.9 0.55 0.95 0.97 0.97 1.0 1.0
2 3.2 0.29 0 1.7 1.05 1.35 1.02 1.02 1.3 1.3
3 1.8 0.16 0.05 1.25 0.8 0.95 1.06 1.05 0.9 0.9
4 5.0 0.45 1.05 3.55 2.25 2.7 1.09 1.08 2.5 2.5
5 5.0 0.45 1.45 4.15 2.55 3.00 1.12 1.10 2.7 2.75
6 5.0 0.45 1.25 4.55 2.7 3.15 1.1 1.08 2.85 2.9
7 4.4 0.4 0.5 4.1 2.65 3.05 1.05 1.02 2.9 2.95
8 0.6 0.05 0 0.5 0.3 0.35 0.98 0.95 0.35 0.4
9 3.2 0.29 0 1.5 0.95 1.25 0.93 0.92 1.3 1.35

15.8 16.09

F.S. =

E[CAXi +(W, — u; Ax; ) tang][1/ M, ]

i=1

i=n
> W, siné,

From the previous solution

FS.=125 F.S.=——=129
12.3

F.S.=13 F.S.=——=131
12.3

With assumed F.S.=1.3 would give F.S.=1.3

15.8

16.05

Kamal Tawfiq, Ph.D., P.E.



Name:

CEG 4801 Geotechnical Design
Spring 2018

What is the pore water pressure at point A?

Center gf failure Surface

R =30 ft

y = 125 I/fte
¢ = 90 Ib/ft2
¢ =320

Drain Stiff Layer




24.7 FINAL COMMENTS ON METHODS
OF ANALYSIS

Sections 24.4 to 24.6 have presented in detail methods
for computing the safety factor for a given cross section
and given failure arc. There are additional considerations
involved in applying these methods to practical problems.

1t is mecessary to make a trial and error search for the
failure surface having the smallest factor of sufety. When
using circular failure swrfuces, it is convenient to
establish a grid for the centers of circles, to write at each
grid point the smallest safety factor for circles centered
on the grid point, and then to draw contours of equal
safety factor. Figure 24.16 shows an example of con-
tours of equal safety factor. - :

——Tlm e akIa e MlaTl

only circles passing tangent t ' &

stratum were considered, but in Dam /l \
also be necessary to consider shy ' 7 138 148 | 155
Shear strength 1., = 0.784, /h
Unit weight: 6 161 145" 143] 168
125 pef above phreatic line M J
135 pef below phreatic line 5l— LT LA3 1Y 164
LA
jiET 150 148 150 L7l
| |
X 155, 147 Jle2 171
. EL 76505 ft LbG 155 1.52\ 166
EL 76425 ft 2 !

Scale:
5001t
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Fig. 24.16  Contours of salety factor,
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