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ROCPLANE SAMPLE PROBLEM #1 
 
Derive an equation for the factor of safety of the dry planar wedge shown below 
a) first ignoring cohesion, then b) incorporating cohesion.  Include the influence 
of friction at the joint surface in both equations. 
 
 
 
 
 
 
 
 
 
 
SOLUTION: 
 
Define the positive direction as the direction of sliding 

Factor of Safety = 
forcesdriving
forcesresisting  

 
a) No Cohesion:  
 
W = weight of the planar wedge 
N = normal force 
θ = angle of incline 
φ = angle of friction 
    
driving force = θsinW   
resisting force = φtanN     

resisting force 
 

driving force 

N 

            = φθ tancosW  
  

FS =
θ

φθ
sin

tancos
W

W   = 
θ
φ

tan
tan             

 
∴For the simple case of no cohesion and no water pressure, the Factor of Safety 
against sliding is simply given by the ratio of tanφ/tanθ.   
 
 
b) Incorporating Cohesion: 
 
driving force = θsinW  
shear stress = φστ tannc +=   

W

A 

θ
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φσ tanAcATforceresisting n+==⇒     
 ; where A is the contact area of the wedge with the failure plane 
   and c is the cohesive strength of the joint surface  

Since 
A
N

n =σ  and θcosWN =  

resisting force = φθ tancosWcA +  
 

FS  
θ

φθ
sin

tancos
W
WcA +  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 5



  

ROCPLANE SAMPLE PROBLEM #2 
 
a) For the rock slope shown below, derive an equation for the factor of safety 
against sliding using the plane failure equilibrium technique.  The slope face is 
vertical with a height H, the failure plane is oriented at an angle ψ, and a vertical 
load, L, is applied to the upper slope.  The unit weight of the rock is γ. The 
equation derived must be a function of H, L, c, φ, ψ, γ.  
 
 
 
 
 
 
  
 
 
 
  
 

H 

L

ψ 

 
SOLUTION:
 
  

γVWWeightWedge ==  
 
Assuming depth is 1 unit length: 
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b) Using the equation derived in Question 2a, determine the factor of safety 
against failure of a slope with the following properties:  
 

H=15m, ψ=50°, γ=2.7 tonnes/m3, c=5 tonnes/m2, φ=35°, and L=20 tonnes 
 

 
SOLUTION: 
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Confirm Results with RocPlane: 
 

 
Geometry input data for slope in 2b  

 
 

 
Strength input data for slope in 2b 
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Force input data for slope in 2b 

 
 
 

c) Calculate the value of L that will cause a failure in the slope described in 
Question 2b. 
 
 
SOLUTION: 
 
The slope will fail when FS=1.  Using the equations developed in Question 2a, 
setting FS to 1, substituting the values given in Question 2b and rearranging to 
isolate L: 
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d) Assuming a water table exists along the ground surface, use RocPlane to 
calculate the FS of the slope described in 2b.  Use a triangular water pressure 
distribution and 1 t/m as the unit weight of water. 
 
 
SOLUTION:  
 
 

 
Force input for the slope in 2d 

 
When the given values are input into RocPlane, the resulting factor of safety is 
0.808328. 
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e) Using RocPlane, plot the distribution of factor of safety versus the level of 
water in the joint plane.  At what level does the slope fail? 
 
 
SOLUTION:
 

As shown on the 
sensitivity analysis 
plot created by 
RocPlane (or reading 
values from the 
spreadsheet 
generated), the slope 
will fail when the level 
of water exceeds 
46% of the height of 
the joint plane. (i.e. 
when the FS is less 
than 1) 
 

Water Percent Filled (%) vs. Factor of Safety
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f) Piezometers placed in the slope measured a mean water elevation of 4.5m 
above the toe of the slope.  Assuming an exponential distribution of the water 
levels across the full height of the slope, determine the probability of slope 
failure.  If drainage from the toe of the slope is prevented, how does this affect 
the results? 
 
 
SOLUTION: 

%30)100(
15

5.4(%) ==ValueMean  

To obtain a range of values over the entire height of the slope, the relative 
minimum and relative maximum values must be used.  The absolute minimum 
occurs during dry conditions and the absolute maximum occurs when the water 
level is the same as the total height of the slope. 
 
To convert these conditions to relative measurements: 
 
absolute maximum = mean value + relative maximum 
100=30+relative max 
 relative max=70% 
 
absolute minimum=mean value-relative minimum 
0=30-relative minimum 
 relative minimum=30% 
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Probabilistic data input for the water force in 2f 

 
 

When these values are input into RocPlane, with the relative minimum set to 
30% and the relative maximum set to 70%, the probability of failure is 0.159.   
 
If drainage from the toe of the slope is prevented, the probability of failure will 
increase, as the pressure beneath the slope is not alleviated, and the slope has a 
greater driving force as more water accumulates and the water level rises. 
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Probabilistic data input for water force when drainage of the slope is prevented 

 
Under these conditions, RocPlane calculates the Probability of Failure to be 
0.279. 
 

%5.75100
159.0

159.0279.0100
1

12% =•
−

=•
−

=
PF

PFPFdifference  

If the slope is not drained, the probability of failure increases by 75.5%. 
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ROCPLANE SAMPLE PROBLEM #3 
 
a) Using the Limit Equilibrium Models as defined in Hoek’s Practical Rock 
Engineering [1], calculate the minimum and maximum possible factors of safety 
for the entire Sau Mau Ping slope under fully saturated conditions and 
earthquake loading.  The cohesive strength of the surface was determined to 
range from 0.05MPa to 0.2MPa, and the friction angle from 30 to 45 degrees.   
 
Additional Information: 

33 /01.0/027.008.0355060 mMNmMNgmH wrpf ===°=°== γγαψψ  

 
SOLUTION: 
 
Using the equations defined on pg. 96 of Hoek’s notes [1]: 
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Since the slope is fully saturated, the height of the water is equal to the height of 
the slope. 
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Note that the value of T is equal to zero as there is no anchor system present. 
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b) Under the same conditions as described in Question 3a, recalculate the 
maximum and minimum factors of safety of the Sau Mau Ping slope assuming a 
water filled tension crack is present.  What conclusions can be made about the 
effect of a tension crack on the forces acting on the slope? 
 
 
SOLUTION: 
 
Using the equations defined on pg. 97 of Hoek’s notes [1], 
 

( ) ( )

( )( )
( )

φ

φφ

γ

γ

ψψ
γ

ψ

ψψ

tan782.0807.4
685.16

tan04.132.80
0)35cos(98.0)35cos(08.0)35sin(85.24

tan0)35sin(98.061.5)35sin(08.0)35cos(85.242.80

/98.0
2

)14)(01.0(
2

/61.5
2

)2.80)(14)(01.0(
2

/85.24)50cot()35cot(
60
141

2
)60)(027.0(cotcot1

2

/2.80
)35sin(
0.1460

sin

0.14)35tan()50cot(160tancot1

22

2222

2

+=

+
=

−++
+−−−+

=

===

===

=
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛−=

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛−=

=
−

=
−

=

=−=−=

cFS

ccFS

mMN
z

V

mMN
Az

U

mMN
H
zHW

mm
zH

A

mHz

ww

ww

fp
wr

p

w

pfw

 

74.1782.096.0
452.0

69.045.024.0
3005.0

=+=⇒
°==

=+=⇒
°==

FS
andMPacWhen

FS
andMPacWhen

φ

φ

 

 
 
CONCLUSIONS: It can be seen that when a tension crack is present, the 
contribution of cohesion decreases and that of friction increases as compared to 
when there is no tension crack. 
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c) In the case of the Sau Mau Ping slope, it was impossible to determine whether 
or not a tension crack existed.  Assuming this was not the case and using the 
data given in Hoek’s notes [1], how far from the crest of the slope would you 
expect to find the tension crack? 
 
 
 
 
SOLUTION: H/tan ψf b 
 
 
Data Given: z 
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Substituting the given values: 
 

( )
mb

b
3.15

)50cot()35cot()50cot(60
=⇒

−=  

 
Therefore, the tension crack would lay 15.3m from the crest of the slope. 
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d) For the Sau Mau Ping slope, assuming the slope is fully saturated and 
subjected to earthquake loading, determine the optimum cable orientation θ, and 
tension T, for a factor of safety of 1.5.  Analyze both situations (tension crack 
absent, present) by using the information given in the previous questions, but 
assuming a friction angle of 35 degrees. 
 
 
SOLUTION:
 
CASE I: No tension crack 
 
The calculations in Question 3a gave that A=104.6 m2/m, W=28.63MN/m, and 
U=15.69MN/m. 
 

( )
θ

φθ
sin3.18

tancos45.66.104
T

TcFS
−

++
=⇒  

 
After rearranging to solve for T: 
 

θφθ
φ

costansin
tan45.66.1043.18

+
−−

=
FS
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To determine the optimum cable orientation, an expression is derived by finding 
the partial derivative of T with respect to θ  and then equating this to zero. 
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CASE II: Tension crack present 
 
The calculations in Question 3b gave that z=14.0m, A=80.2m2/m, W=24.85MN/m, 
U=5.61MN/m and V=0.98MN/m. 
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T
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Which after rearrangement, leads to the following expression: 

φ
θ

θφθ
φ

tan
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Or, the same result as that which was obtained in the first case. 
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ROCPLANE SAMPLE PROBLEM #4 
 
A bridge abutment, which is fully drained and located in an area of negligible 
seismic risk, is found to have a through-going plane dipping parallel to the slope 
face and daylighting in the toe of the slope. A bridge pier runs parallel to the 
slope crest, as illustrated in the figure below, and applies a load of 60 MN/m 
through the centre of gravity of the wedge. The slope height H= 40 m, the slope 
face angle ψf = 60° and the angle of the potential failure surface ψp= 30°. The 
unit weight of the rock mass is γr = 0.026 MN/m3 and the failure surface, which 
shows evidence of previous shearing, has zero cohesion and a friction angle of 
φ= 25°. 
 
  
 
 
 
  
 
  
 
  
  
  
  

L

θ

Η
Τ 

W
ψp

ψf

 
Calculate the bolt force T required to provide a factor of safety of 1.2, assuming 
that the bolts are installed normal to the slope face as shown in the figure above.  
 
 
 
 
 
SOLUTION: 
 
Given that:   
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=

=
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°=
=

=
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 Find T such that FS=1.2 
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Since the bolts should be oriented to minimize T: 
 

mMNT

T

T

/174159.12
3537846.1

48119.16
)932071.0(2.1)362275.0(466307.0

48119.16
)76.68sin(2.1)76.68cos(466307.0

48119.16

76.68
573409.2tan

sin466307.0cos2.1
0cos2.1sin466307.0

0
)sin2.1cos466307.0(

)cos2.1sin466307.0(48119.16
2

=⇒

=
+

=
+

=

°=⇒
=

=
=+−

=
+

+−−
=

∂
∂

θ
θ

θθ
θθ

θθ
θθ

θ

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 20



  

ROCPLANE SAMPLE PROBLEM #5 
 
a)  
 
 
 γr=2.7t/m3

 
  
 
 
 
 
  

75

45m 

40
 
The dry rock slope pictured above has the following Barton-Bandis strength 
parameters:    JRC= 6 
                                  JCS=11500t/m2  
                           φb = 25o 

 

Using RocPlane, determine the factor of safety.  Assume a tension crack may or 
may not exist. 
 

 
SOLUTION: 
 

               
Geometry input data for slope with no tension crack 
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Strength input data for slope with no tension crack 

 
Using RocPlane, the Factor of Safety was determined to be 1.02563 when 
there was no tension crack. 
 
 

               
Geometry input data for slope with a tension crack 
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Using RocPlane, the Factor of Safety was determined to be 0.997189 when 
there was a tension crack. 

 
b) Where would you expect a tension crack to exist?  How deep would it be?  

 
SOLUTION: 

  

23.662m
45m 

75° 
40° 

13.371m 12.058m  
 
 
 
 
 
Using the 2D view of the slope in 
RocPlane, it is seen that if a tension 
crack existed, it would be located 
13.371m away from the slope crest 
with a depth of 23.662m. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 23



  

c) If the overall slope length is 100m (as shown below), how many grouted 
tiebacks would be required to stabilize the slope to a design FS=1.25.  Assume 
the tiebacks are pre-tensioned (active) bolts with a capacity of 25 tonnes and will 
be installed horizontally.  What is the optimal installation angle? 
 
   
 
 

 

 

100m

 
SOLUTION:  
 
No Tension Crack: 

                                        
Bolt input data for slope with a tension crack 

 
The capacity required by the tiebacks is calculated to be 250t/m.   
 

25.1 1000
/25

25000
/25

25000100250

100
/250

=⇒

=
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=•=

=
=
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boltt
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bolttcapacitybolt
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m
tSupportrequired
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mtrequiredcapacity

 

 
 
 
 
 
Tension Crack Present: 
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Bolt input data for slope with a tension crack 

 
The capacity required by the tiebacks is calculated to be 258t/m. 
 

25.1 1032
/25

25800

25800100258

=⇒

=

=•=

FSachievetorequiredarebolts
boltt

trequiredboltsofnumber

tm
m
tSupportrequired

 

 
To find the optimal installation angle of both cases, the given bolt properties were 
optimized.  To do this, the Optimize button in the Bolt Properties dialogue was 
selected. 
 

                                       
Bolt input data for both slopes after optimizing the installation angle 

 
⇒  The result was an installation angle of –7o from the horizontal. 

 

 25



  

ROCPLANE SAMPLE PROBLEM #6 
 
The following slope of unit weight 2.5 t/m3 is undergoing planar failure.  The 
slope has a 15m deep tension crack situated 8.660m away from its crest.  There 
are no seismic forces present, but the water table has filled the tension crack to a 
height of 25%. Using RocPlane, determine the factor of safety of this slope and 
conduct a sensitivity analysis on cohesion, friction angle, failure plane angle, and 
percent tension crack filled.   
The unit weight of water is 0.981 t/m3 

 
Parameter Mean Range
Cohesion 2 0-4
Friction Angle 30 28-36
Failure Plane Angle 30 28-36
Percent Tension Crack Filled 25% 0-100%  

 
 
  
 
 

8.66m 17.321m

 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 

90° 

30° 
60° 

15.0m

30.0m
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SOLUTION: 
 

 
Geometry Data Input  

 
 

 
 Strength Data Input 
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Force Data Input 

 
RocPlane calculated the Factor of Safety to be 1.04898. 
 

 
Sensitivity Analysis Parameters 
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Percent Change (%) vs. Factor of Safety
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Sensitivity Analysis: Excel Graph Generated from RocPlane Data 
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ROCPLANE SAMPLE PROBLEM #7 
 
a) The slope depicted below has a tension crack that is 51% filled with water and 
has water leaking out of the failure plane at the slope interface.  There is an 
external force of magnitude 37 t/m acting perpendicular to the upper face.  Using 
RocPlane, calculate the Factor of Safety for this plane.  The cohesive strength of 
the slope is 7 t/m2, and the angle of friction is 30°.   
 
 
 
 

25.173m 9.000m

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
  
 
 

30.000m

γr=2.79t/m3

γw=0.981t/m3

6.072m

35° 

50° 

 
SOLUTION: 
 
Since water is leaking out of the failure plane at the slope interface, we set the 
water force to have peak pressure at the base of the tension crack. 
 
From RocPlane, the calculated Factor of Safety of the slope when it is not 
reinforced is 1.222.  
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b) What capacity of (active) rock bolt is required to stabilize the slope to a factor 
of safety of 1.5 if the bolts are to be installed at an angle of 30°? 
 
SOLUTION: 

 
Bolt Properties Input Window 

 
When a bolt is installed at an angle of 30° to achieve a factor of safety of 1.5, the 
capacity of the bolts required is 111t/m 

 

 Reinforced Slope 

Seismic force=66.61t 
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ROCPLANE SAMPLE PROBLEM #8 
 
A 5m wide bench in a 100m deep open pit is to be analyzed for stability.  The 
local bench slope is 75 degrees, and there are 10m between benches.  Joints 
dipping at 37 degrees have been identified as being likely to cause planar failure.  
Through joint mapping, it is found that joint persistence does not exceed 15m.  
Assume the strength of the joints is c=1 t/m2 and φ = 30°. 
 
a) What is the factor of safety of the bench? 
 
SOLUTION: 
 
Using RocPlane, the Factor of Safety of the bench is determined to be 1.17521 
 
b) Assuming all benches are equal, what is the overall pit slope angle?  
Comment on the overall pit wall stability. 
 
SOLUTION: 
 
OVERALL PIT SLOPE ANGLE: 
 
 

 

Overall pit slope angle 

w h/tanθ 

h
α θ 

 
 
 
 
 
 
w = bench width 
h = bench height 
θ = bench slope angle 
α = overall slope angle  
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∴the overall pit slope angle is 52.5° 
 
Using RocPlane, the factor of safety of the overall wall of height 100m and 
overall slope angle of 52.5° is 0.80271.  This FS is much lower than that of the 
individual benches. 
 
Since it has been concluded that the persistence is at most 15m, and the slope is 
100m, the slope should be stable as the overall slope length is greater than any 
given joint.  However, if a joint persists only for 15m but there is another new joint 
close to the end of it, tension cracks could be created by stress buildup that could 
cause the joints to coalesce. The higher the persistence, the fewer joint 
coalescences need, the lower the factor of safety.  In addition, if we consider a 
joint plane of infinite length, there would be an issue with instability, as the joint 
plane would exceed the length of the slope. 
 
c) By plotting the factor of safety as a function of bench width, what is the 
maximum bench width for a design F.S. of 1.1? 

 
SOLUTION: 
 

Bench Width (m) vs. Factor of Safety
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FS=1.1 

 
From the graph (or excel data) exported from the Sensitivity Analysis feature of 
RocPlane, it is evident that the maximum bench width for a design factor of 
safety of 1.1 is 6.12m. 
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d) If the strength parameters are taken as random variables that are normally 
distributed, compute the probability of failure of a bench, if the standard 
deviations of c and φ are 0.2t/m2 and 2° respectively. 
 
SOLUTION: 
 
To compute the Probability of Failure, we must first set the RocPlane program to 
the Probabilistic mode.  Taking the strength parameters as random variables, 
using the 3 sigma approach for determining the minimum and maximum values, 
and using the Latin HyperCube sampling method: 
 

36)2(330330max

24)2(330330min

6.1)2.0(3131max
4.0)2.0(3131min

2
/2.0 2

=+=+=

=−=−=

=+=+=
=−=−=

°=
=

σ

σ

σ
σ

σ
σ

φ

φ

φ

c

c

c mt

 

 
 Probability of Failure = 0.025 
 
 

e) Comment on your choice of sampling method and number of samples.  
 
SOLUTION:  
 
In the sampling menu of the probabilistic input data window, there are two 
sampling methods from which to choose: Latin HyperCube or Monte Carlo. The 
Monte Carlo sampling method randomly samples an entire range of values, 
which in addition to valid numbers, can also result in very small or very large 
numbers.  These extreme values can lead to numerical instability.  The Latin 
HyperCube sampling method gives comparable results to the Monte Carlo 
method, but uses fewer samples, as it is based on stratified sampling with 
random selection.   
 
To determine which sampling method yields the most accurate results, the input 
distribution of both cohesion and the friction angle are plotted by RocPlane.  
They are first plotted using the Monte Carlo sampling method, then the Latin 
HyperCube method. 
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Input Distribution: Cohesion using Monte Carlo Sampling Method 

 
 
 

 
Input Distribution: Cohesion using Latin Hypercube Sampling Method 
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Input Distribution: Friction Angle using Monte Carlo Sampling Method 

 
 
 

 
Input Distribution: Friction Angle using Latin HyperCube Sampling Method 
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From the graphs, it is seen that when samples sizes are relatively small (1000 
samples), the Latin HyperCube gives a more accurate distribution than the Monte 
Carlo method. 
 
If the probability of failure is graphed against the number of samples used in 
calculation, the following plot results: 
 

Probability of Failure vs. Number of Samples:
 Latin HyperCube Sampling Method
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The graph above indicates that as the number of samples increases, the 
probability of failure converges to a value.  If a sample of size of 30000 is used in 
calculation, the probability of failure is assured to be valid 
 
f) Often, c and φ are not independent random variables, but are correlated.  
Assuming a correlation coefficient of –0.5, how is the F.S. affected?  Plot the 
sampling of c and φ, and verify that it is correct.  How does correlation affect the 
sampling of c and φ? 
 
SOLUTION:  
 
When correlation is applied to the random variables of c and φ, the Probability of 
Failure decreases from 0.025 (when c and φ are considered independent) to 
0.006.   
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Cohesion vs. Friction Angle: No Correlation 

 
 
 

 
Cohesion vs. Friction Angle: Correlation Coefficient of –0.5 
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ROCPLANE SAMPLE PROBLEM #9 
 
Consider the following planar wedge.  The upper slope angle of 15 degrees is to 
be leveled to horizontal in order to build a roadway along the top of the slope.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

H 

θ 
ψ 

α 

 
Additional Information: 

H = 40m; ψ = 50°; θ = 30°; c = 10t/m2; φ = 35°; γ= 2.7t/m3; α = 15° 
 
a) Using RocPlane, calculate the factor of safety of the wedge before and after 
the excavation of the upper slope. 
 
SOLUTION: 
 
Using RocPlane, the FS = 2.042 for both cases 
 
b) Prove that in general, the safety factor of a planar wedge is independent of the 
upper slope angle, assuming that the following parameters are constant:  
 - slope height, H 
 - slope angle, ψ 
 - failure plane angle, θ  
 - failure plane cohesion, c 
 - failure plane friction angle, φ 
 
SOLUTION: 
 

θ
φθ

sin
tancos

W
WcAFS +

=   (eq. 1) 

divide numerator and denominator of eq. 1 by W. 
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θ

φθ

sin

tancos+
= W

cA

FS   (eq. 2) 

 
If c, φ, and θ are all constant, then it can be seen from Eq. 2 that the safety factor 
(FS) will be constant if the term A/W is constant.  
The term A/W is the surface area of the wedge failure plane, divided by the 
wedge weight. 
 
NOTE: 

i) ; where l is the length of the wedge failure plane llA =•= 1
ii) 1••= aW γ ; where γ=rock unit weight, a=area of the wedge triangle 

iii) 
a

l
W
A

•
=

γ
 

 
 
 
 
 
 
 
 
............................................................................................................................................  

l

Triangle area = a 

 
 
Therefore, to prove that A/W is constant, this is equivalent to proving that l/a (or 
alternatively, a/l) is constant, since γ, the unit weight of rock, is also a constant. 
 
First, derive the area of the wedge triangle: 
 

H 

θ
ψ 

α 

d
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Length: 
ψsin

Hd =  

Angle: θψα −=  

Triangle area: )sin(
sin2

1sin
2
1 θψ

ψ
α −•••=•••= lHlda  

 

)sin(
sin2

1
)sin(

sin2
1

θψ
ψ

θψ
ψ

−••=
−•••

=∴
H

l

lH

l
a

 

Since H, ψ, and θ are assumed constant, the ratio a/l is constant, and the factor of safety 
in eq. 2 is constant. 
 
CONCLUSION: 
 
The FS is independent of the upper slope angle, because the ratio of the wedge area to 
the failure plane length remains constant, for any orientation of the upper slope angle.  
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ROCPLANE SAMPLE PROBLEM #10 
 
It is possible to determine the stability of a slope by performing a probabilistic 
analysis of the variables affecting the factor of safety.  When slope properties can 
be assigned any value from a range of data, the factor of safety must be 
computed while taking these variations into account.  The Point Estimate Method 
(PEM), first presented by Rosenbleuth [2], is a direct computational procedure 
that obtains moment estimates for a random variable.  As the shape of the 
probability density function (pdf) is not critical to the analysis, a distribution may 
be assumed.   

 
Where c and φ are the strength parameters, β is the slope angle, and H is the 
slope height.  Specifically, H = 40ft, β = 60°, φ = 30°, V(φ) = 15%, c = 300lb/ft2, 

V(c) = 40% and γ = 100lb/ft3. 
 

a) Using the method developed by Rosenbleuth [2], obtain the expected values 
and the coefficients of variation for the factor of safety for correlation factor (ρ) = -
1, 0, +1. What happens to these values as the correlation coefficient increases? 
 
SOLUTION: 
 
Using the PEM developed by Rosenbleuth [2]: 
 
All parameters but φ and c will be considered constant. 

 
( )
( )
( )
( ) °=°•−°=•−=−

°=°•+°=•+=+
=•−=•−=−
=•+=•+=+

5.253515.035)(
5.343515.035)(

1803004.0300)(
4203004.0300)(

φφφφ
φφφφ

V
V

ccVcc
ccVcc

 

 
Summary 

 
c+ 420 phi+ 34.5 
c- 180 phi - 25.5 

 
Calculate the Point-mass Weights for each value of correlation coefficient. 

 
 ρ -1 0 1 

p++, p-- (1+ρ)/4 0 0.25 0.5 
p+-, p-+ (1- ρ)/4 0.5 0.25 0 

 
Using the given equation, calculate the factor of safety for each combination 
of varying attribute, for each value of correlation coefficient. 
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Factor of Safety 
Factors of safety were determined using RocPlane and the given data. 

 
First Moment 

  
     Sample calculations: 

 

19027.2006886.112141.10][

071553.20),(

)1(

)1()1(

=+++==

=•=++•++=++

−=

−=−=

∑ ρ

ρρ φ

FSFSE

cFSpFS
 

 
     ρFSi, j   

FS(φ, c) FSi, j ρ -1.00 0.00 1.00 
FS + + 2.71553  0 0.678883 1.357765 
FS + - 2.24282  1.12141 0.560705 0 
FS - + 2.13772  1.06886 0.53443 0 
FS - -  1.66501  0 0.416253 0.832505 

  E[FS] = 2.19027 2.19027 2.19027 
 

Second Moment 
 
      Sample Calculations: 
 

( )
61.200.074.187.000.0][

47.908.3

)1(
22

22
)1()1(

2

=+++==

==++=++

=

==

∑ ρ

ρρ

FSFSE

FSFS
 

 
     ρFS2

i, j   
FS(φ, c) FS2

i, j ρ -1.00 0.00 1.00 
FS + + 7.374103  0 1.843526 3.687052
FS + - 5.030242  2.515121 1.25756 0 
FS - + 4.569847  2.284923 1.142462 0 
FS - -  2.772258  0 0.693065 1.386129

    E[FS2] =  4.800044 4.936612 5.073181
 

Expected Values and Coefficient of Variance 
 
Sample Calculations: 
 

( )

399248.2100
19027.2
05255.0100

][
][)%(

05255.0002761503.0][][

002761503.0)19027.2(80044.4][][][ 222
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FSFSV

FSVFS

FSEFSEFSV

σ
σ  
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  σ [FS] V[FS] V(FS) (%)

ρ = -1 0.05255 .002761503 2.399248
ρ  =  0 0.3732691 0.139329785 6.361306
ρ = +1 0.52526 0.275898068 23.98152

 
From these calculations, it can be seen that as the correlation coefficient 
increases, the expected values and the coefficients of variation also increase. 
 
 
b) If FS = 1 represents failure, calculate the probability of failure for the 

results obtained in part (a). 
 
SOLUTION: 
 
Since the first and second moments are calculated, a normal distribution is 
assumed for the factor of safety. 
 
Sample Calculations: 
 
Standardize values to fit normal curve: 
 

188771854.3
3732691.0

119027.2
)(

)(
=

−
=

−
=

FS
FSFSEz

σ
 

 
To find the area under the normal curve which represents the probability that FS 
≤ 1: 

( ) 92855.99100)000714.01(100)1(1(%)

000714.499289.0
2
1)19.3(

2
1)1(

=×−=×≤−=

=−=Φ−=≤

FSPR

FSP
 

 
ρ Probility of Failure R (%) 
-1   0  100 
0   0.000714  99.92855
1   0.011724  98.82761
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