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e 
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Q
ue

st
io

n 
1

A
 n

at
ur

al
 s

lo
p

e 
co

m
p

o
se

d
 o

f f
is

su
re

d
 o

ve
rc

o
ns

o
lid

at
ed

cl
ay

 is
 

in
cl

in
ed

 a
t 1

5°
to

 th
e 

ho
ri

zo
nt

al
. T

he
 w

at
er

 ta
b

le
 is

 lo
ca

te
d

 a
t 

th
e 

su
rf

ac
e,

 w
ith

 s
ee

p
ag

e 
o

cc
ur

ri
ng

 a
p

p
ro

xi
m

at
el

y 
p

ar
al

le
l t

o
 

th
e 

sl
o

p
e.

 A
 fa

ilu
re

 p
la

ne
 h

as
 fo

rm
ed

 p
ar

al
le

l t
o

 th
e 

su
rf

ac
e 

at
 a

 
d

ep
th

 o
f 6

 m
. T

he
 s

at
ur

at
ed

 u
ni

t w
ei

g
ht

 (
sa

t) 
o

f t
he

 c
la

y 
is

 1
9 

kN
/m

³.
 T

he
 p

ea
k 

st
re

ng
th

 p
ar

am
et

er
s 

o
f t

he
 c

la
y 

ar
e 

c'
 =

 1
2 

kN
/m

² 
an

d
 Ø

' =
 2

8°
. D

et
er

m
in

e 
th

e 
Fa

ct
o

r 
o

f S
af

et
y 

(F
o

S)
 a

lo
ng

 
th

e 
sl

ip
 p

la
ne

.



Q
ue

st
io

n 
2

A
 lo

ng
 n

at
ur

al
 s

lo
p

e 
co

m
p

o
se

d
 o

f o
ve

rc
o

ns
o

lid
at

ed
cl

ay
 is

 
in

cl
in

ed
 a

t 1
0°

to
 th

e 
ho

ri
zo

nt
al

. T
he

 w
at

er
 ta

b
le

 is
 a

t t
he

 
su

rf
ac

e,
 a

nd
 s

ee
p

ag
e 

is
 a

p
p

ro
xi

m
at

el
y 

p
ar

al
le

l t
o

 th
e 

sl
o

p
e.

 A
 

fa
ilu

re
 h

as
 d

ev
el

o
p

ed
 a

lo
ng

 a
 s

lip
 p

la
ne

 p
ar

al
le

l t
o

 th
e 

su
rf

ac
e 

at
 a

 d
ep

th
 o

f 4
.5

 m
. T

he
 s

at
ur

at
ed

 u
ni

t w
ei

g
ht

 o
f t

he
 c

la
y 

is
 1

8.
5 

kN
/m

³,
 a

nd
 th

e 
ef

fe
ct

iv
e 

sh
ea

r 
st

re
ng

th
 p

ar
am

et
er

s 
ar

e 
c'

 =
 1

4 
kN

/m
² 

an
d

 Ø
' =

 3
0°

. D
et

er
m

in
e 

th
e 

Fa
ct

o
r 

o
f S

af
et

y 
(F

o
S)

 a
lo

ng
 

th
e 

sl
ip

 p
la

ne
.



Q
ue

st
io

n
3

A
 s

lo
p

e 
co

ns
is

tin
g

 o
f f

is
su

re
d

 o
ve

rc
o

ns
o

lid
at

ed
cl

ay
 is

 in
cl

in
ed

 
at

 2
0°

to
 th

e 
ho

ri
zo

nt
al

. T
he

 g
ro

un
d

w
at

er
 ta

b
le

 is
 a

t t
he

 s
ur

fa
ce

, 
an

d
 s

ee
p

ag
e 

is
 n

ea
rl

y 
p

ar
al

le
l t

o
 th

e 
sl

o
p

e.
 A

 fa
ilu

re
 p

la
ne

 h
as

 
fo

rm
ed

 p
ar

al
le

l t
o

 th
e 

su
rf

ac
e 

at
 a

 d
ep

th
 o

f 7
 m

. T
he

 c
la

y 
ha

s 
a 

sa
tu

ra
te

d
 u

ni
t w

ei
g

ht
 o

f 2
1 

kN
/m

³,
 a

nd
 th

e 
ef

fe
ct

iv
e 

st
re

ng
th

 
p

ar
am

et
er

s 
ar

e 
c’

 =
 8

 k
N

/m
² 

an
d

 Ø
' =

 2
5°

. C
al

cu
la

te
 th

e 
Fa

ct
o

r 
o

f S
af

et
y 

(F
o

S)
 fo

r 
th

e 
sl

ip
 s

ur
fa

ce
.



Q
ue

st
io

n 
4

A
 lo

ng
 n

at
ur

al
 s

lo
p

e 
in

 a
n 

o
ve

rc
o

ns
o

lid
at

ed
cl

ay
 is

 in
cl

in
ed

 a
t 

14
°

to
 th

e 
ho

ri
zo

nt
al

. T
he

 w
at

er
 ta

b
le

 is
 1

 m
 b

el
o

w
 th

e 
su

rf
ac

e,
 

an
d

 s
ee

p
ag

e 
is

 a
p

p
ro

xi
m

at
el

y 
p

ar
al

le
l t

o
 th

e 
sl

o
p

e.
 A

 fa
ilu

re
 h

as
 

d
ev

el
o

p
ed

 a
lo

ng
 a

 s
lip

 p
la

ne
 p

ar
al

le
l t

o
 th

e 
su

rf
ac

e 
at

 a
 d

ep
th

 
o

f 6
 m

. T
he

 s
at

ur
at

ed
 u

ni
t w

ei
g

ht
 o

f t
he

 c
la

y 
is

 1
9 

kN
/m

³,
 a

nd
 

th
e 

un
it 

w
ei

g
ht

 o
f t

he
 c

la
y 

ab
o

ve
 th

e 
w

at
er

 ta
b

le
 is

 1
7 

kN
/m

³.
 

Th
e 

ef
fe

ct
iv

e 
sh

ea
r 

st
re

ng
th

 p
ar

am
et

er
s 

ar
e 

c'
 =

 1
3 

kN
/m

² 
an

d
 

Ø
' =

 2
9°

. D
et

er
m

in
e 

th
e 

Fa
ct

o
r 

o
f S

af
et

y 
(F

o
S)

 a
lo

ng
 th

e 
sl

ip
 

p
la

ne
.



Q
ue

st
io

n 
5

A
 n

at
ur

al
 s

lo
p

e 
in

 a
n 

o
ve

rc
o

ns
o

lid
at

ed
cl

ay
 is

 in
cl

in
ed

 a
t 1

2°
to

 
th

e 
ho

ri
zo

nt
al

. T
he

 w
at

er
 ta

b
le

 is
 1

.5
 m

 b
el

o
w

 th
e 

su
rf

ac
e,

 a
nd

 
se

ep
ag

e 
is

 a
p

p
ro

xi
m

at
el

y 
p

ar
al

le
l t

o
 th

e 
sl

o
p

e.
 A

 fa
ilu

re
 p

la
ne

 
ha

s 
d

ev
el

o
p

ed
 p

ar
al

le
l t

o
 th

e 
su

rf
ac

e 
at

 a
 d

ep
th

 o
f 5

.5
 m

. T
he

 
sa

tu
ra

te
d

 u
ni

t w
ei

g
ht

 o
f t

he
 c

la
y 

is
 1

8.
8 

kN
/m

³,
 w

hi
le

 th
e 

un
it 

w
ei

g
ht

 a
b

o
ve

 th
e 

w
at

er
 ta

b
le

 is
 1

6.
5 

kN
/m

³.
 T

he
 e

ffe
ct

iv
e 

sh
ea

r 
st

re
ng

th
 p

ar
am

et
er

s 
ar

e 
c'

 =
 1

5 
kN

/m
² 

an
d

 Ø
' =

 3
1°

. D
et

er
m

in
e 

th
e 

Fa
ct

o
r 

o
f S

af
et

y 
(F

o
S)

 a
lo

ng
 th

e 
sl

ip
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la
ne

.



Q
ue

st
io

n 
6

A
 s

lo
p

e 
m

ad
e 

o
f o

ve
rc

o
ns

o
lid

at
ed

cl
ay

 is
 in

cl
in

ed
 a

t 1
8°

to
 th

e 
ho

ri
zo

nt
al

. T
he

 g
ro

un
d

w
at

er
 ta

b
le

 is
 lo

ca
te

d
 1

.2
 m

 b
el

o
w

 th
e 

su
rf

ac
e,

 w
ith

 s
ee

p
ag

e 
ro

ug
hl

y 
p

ar
al

le
l t

o
 th

e 
sl

o
p

e.
 A

 s
lip

 fa
ilu

re
 

ha
s 

o
cc

ur
re

d
 a

lo
ng

 a
 p

la
ne

 p
ar

al
le

l t
o

 th
e 

su
rf

ac
e 

at
 a

 d
ep

th
 o

f 
6 

m
. T

he
 s

at
ur

at
ed

 u
ni

t w
ei

g
ht

 o
f t

he
 c

la
y 

is
 1

9.
5 

kN
/m

³,
 a

nd
 th

e 
un

it 
w

ei
g

ht
 a

b
o

ve
 th

e 
w

at
er

 ta
b

le
 is

 1
7.

0 
kN

/m
³.

 T
he

 e
ffe

ct
iv

e 
st

re
ng

th
 p

ar
am

et
er

s 
o

f t
he

 c
la

y 
ar

e 
c’

 =
 8

 k
N

/m
² 

an
d

 Ø
' =

 2
4°

. 
C

o
m

p
ut

e 
th

e 
Fa

ct
o

r 
o

f S
af

et
y 

(F
o

S)
 a

lo
ng

 th
e 

fa
ilu

re
 p

la
ne

.
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Q
ue

st
io

n 
1

A
 (4

5°
) s

lo
p

e 
is

 e
xc

av
at

ed
 to

 a
 d

ep
th

 o
f 9

 m
 in

 a
 d

ee
p

 la
ye

r 
o

f 
sa

tu
ra

te
d

 c
la

y 
w

ith
 a

 u
ni

t w
ei

g
ht

 o
f 1

8.
5 

kN
/m

³.
 

Th
e 

sh
ea

r 
st

re
ng

th
 p

ar
am

et
er

s 
o

f t
he

 c
la

y 
ar

e 
c u

=
60

 k
N

/m
² 

an
d

 
u

=
0

.
D

et
er

m
in

e 
th

e 
Fa

ct
o

r 
o

f S
af

et
y 

(F
o

S)
 fo

r 
a 

g
iv

en
 fa

ilu
re

 s
ur

fa
ce

.
Th

e 
cr

o
ss

-s
ec

tio
na

l a
re

a 
o

f t
he

 s
lid

in
g

 m
as

s 
is

 7
5m

².
Th

e 
ce

nt
ro

id
 o

f t
he

 m
as

s 
is

 lo
ca

te
d

 4
.8

 m
 fr

o
m

 O
.

Th
e 

an
g

le
 is

 9
0°

, a
nd

 th
e 

ra
d

iu
s 

is
 1

3.
2 

m
.

Th
e 

ar
c 

le
ng

th
 is

 2
0.

5 
m

.



Q
ue

st
io

n 
2

A
 (4

5°
) s

lo
p

e 
is

 e
xc

av
at

ed
 to

 a
 d

ep
th

 o
f 1

0
m

 in
 a

 d
ee

p
 la

ye
r 

o
f 

sa
tu

ra
te

d
 c

la
y 

w
ith

 a
 u

ni
t w

ei
g

ht
 o

f 1
9.

2
kN

/m
³.

 
Th

e 
sh

ea
r 

st
re

ng
th

 p
ar

am
et

er
s 

o
f t

he
 c

la
y 

ar
e 

c u
=

50
 k

N
/m

² 
an

d
 

u
=

0
.

D
et

er
m

in
e 

th
e 

Fa
ct

o
r 

o
f S

af
et

y 
(F

o
S)

 fo
r 

a 
g

iv
en

 fa
ilu

re
 s

ur
fa

ce
.

Th
e 

cr
o

ss
-s

ec
tio

na
l a

re
a 

o
f t

he
 s

lid
in

g
 m

as
s 

is
 8

0m
².

Th
e 

ce
nt

ro
id

 o
f t

he
 m

as
s 

is
 lo

ca
te

d
 5

.2
m

 fr
o

m
 O

.
Th

e 
an

g
le

 is
 9

2°
, a

nd
 th

e 
ra

d
iu

s 
is

 1
4.

5
m

.
Th

e 
ar

c 
le

ng
th

 is
 2

2.
3

m
.



Q
ue

st
io

n 
3

A
 (4

5°
) s

lo
p

e 
is

 e
xc

av
at

ed
 to

 a
 d

ep
th

 o
f 1

2
m

 in
 a

 d
ee

p
 la

ye
r 

o
f 

sa
tu

ra
te

d
 c

la
y 

w
ith

 a
 u

ni
t w

ei
g

ht
 o

f 2
0.

0
kN

/m
³.

 
Th

e 
sh

ea
r 

st
re

ng
th

 p
ar

am
et

er
s 

o
f t

he
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la
y 

ar
e 

c u
=

35
kN

/m
² 

an
d

 
u

=
0

.
D

et
er

m
in

e 
th

e 
Fa

ct
o

r 
o

f S
af

et
y 

(F
o

S)
 fo

r 
a 

g
iv

en
 fa

ilu
re

 s
ur

fa
ce

.
Th

e 
cr

o
ss

-s
ec

tio
na

l a
re

a 
o

f t
he

 s
lid

in
g

 m
as

s 
is

 8
5m

².
Th

e 
ce

nt
ro

id
 o

f t
he

 m
as

s 
is

 lo
ca

te
d

 6
.0

m
 fr

o
m

 O
.

Th
e 

an
g

le
 is

 9
5°

, a
nd

 th
e 

ra
d

iu
s 

is
 1

5.
0

m
.

Th
e 

ar
c 

le
ng

th
 is

 2
5.

0
m

.


