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Lecture 79
Numerical Examples

Hello, all. Welcome back. In the previous lecture, we were discussing about hydrologic
design. We have stopped with the topic of risk analysis. Today, we need to solve some
numerical examples on risk analysis. In addition to that, we have to solve some of the

examples on probability distributions also.

These different types of distributions we have studied in the previous module. That time | did
not work out the examples related to different probability distributions, because | wanted to
give you some idea about the return period, probability of exceedance all those things. So,
today we will combine the numerical examples on probability distribution and also risk

analysis.
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Example 1: Probability

The annual rainfall data for a period of 12 years is listed in the following table:

Year 1 2 3 4 5 6 7 8 9 10|11 ]12

Rainfall (mm| 1080 | 995 | 1013 | 1100 | 900 | 1127 | 1009 | 1250 | 990 | 1001 | 1125 | 1250

Find the probability that the annual rainfall in any year will be (a) greater than 1000, (b) less than
1000 and © between 1000 and 1150

» Solution:
v Probability of occurrence of an event,
m
==
n
=
=
T e |
N

Let us start with solving the examples. First example is on probability. The annual rainfall
data for a period of 12 years is listed in the following table. 12 years annual rainfall data is
given to you. Find the probability that the annual rainfall in any year will be greater than

1000 millimeter, less than 1000 millimeter, and between 1000 and 1150 millimeters.



We need to estimate the probability related to different conditions. One is related to annual
precipitation or the annual rainfall less than 1000 millimeter, second one is greater than 1000
millimeter and the third one is the rainfall value between 1000 and 1150 millimeters, here we
do not have any distribution and any other details. So, we will make use of the probability
expression by number of events divided by total number of data in the sample. The

probability of occurrence of an event is nothing but p is equal to

m
p=""
n

m is the number of events which are satisfying the conditions and small n is the total number

of sample data, here in this case it is 12.
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Example 1: Probability
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These are the data corresponding to annual rainfall, annual rainfall data in millimeters for 12
successive years. We need to find out probability that the annual rainfall in any year will be
less than 1000 millimeters. So, here we can count how many events are there representing the
value less than 1000 millimeters. So, here we are having corresponding to second year it is
995, fifth year it is 900 and ninth year 990. These are the three events which are less than the
given condition. So, small m is 3 and small n is 12. So, we can calculate the probability by
using the formula
m_3

=—=—=0.25
P n 12



Now, the second part is to find out the probability for the events corresponding to the value
greater than 1000 millimeters, probability that the annual rainfall in any year will be greater
than 1000 millimeter. So, here three events are less than 1000 millimeter and we are having
total events. So, remaining events will be greater than 1000 millimeters. Here in the data
points, we do not have any data corresponding to rainfall is equal to 1000 millimeter, if that
case is there that we have to exclude if we are calculating the probability of occurrence of
events greater than 1000 millimeters. So, here in this case that is not there. So, remaining
events which we have calculated i.e., three events with rainfall less than 1000 millimeter and
remaining 9 events will be representing a value greater than 1000 millimeters. So, we can

calculate the probability as

9

p= oo 0.75

So, if you add these two probabilities, you can and get equal to 1. Now, the third question is
that probability that the annual rainfall in any year will be in between 1000 millimeters and
1150 millimeters. We need to count the number of events coming within this range and then
we need to calculate the probability. So, if we are checking the values, we can understand
that the annual rainfall between 1000 millimeter and 1150 millimeters we are having
corresponding to first year, third year, fourth year then come sixth year, seventh year, tenth
year and eleventh year. So, in total we are having seven events which are coming within this
range given that is 1000 millimeters and 1150 millimeters. So, the corresponding probability

is given by
p =P(1000 < X <1150) = % =0.583

This is very simple problem to calculate the probability corresponding to different conditions

given.
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Example 2: Probability density and Cumulative distribution functions

The probability density function of a random variable is given by

J(x)=kx for 0< x<9hours

Determine the value of 'k’ and the cumulative distributi jon. Also, find the probability that
the random variable takes a value less than or equal to 4 hours

» Value of k'

» Cumulative distribution function
e —

» Probability that the random variable takes a value less than or equal to 4 hours
Sl it
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Now, we will move on to second example. Second example is related to probability density
and cumulative distribution functions. The probability density function of a random variable

IS given by
f (X) = kx for 0 < x <9hours

Determine the value of k and the cumulative distribution function. Also find the probability

that the random variable takes the value less than or equal to 4 hours.

So, here you can understand that we have been given with the probability density function, it
is representing the continuous random variable. f(x) that is PDF is given by kx and the range
is also given to us. We need to determine the value corresponding to k, cumulative
distribution function and also probability corresponding to a particular condition given in the
question that is x less than or equal to 4 hours. We need to calculate the value corresponding
to k, we need to find out the cumulative distribution function and third part of the question is
to find out the probability that the random variable takes a value less than or equal to 4 hours.

So, we will start solving the example.
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Example 2: Probability density and Cumulative distribution Functions

» Determine 'k’

I: S(x)dx= I: hoedy =1

z

== » The pdf is
81 2 2
] Sk=— fx)=—xfor 0<x<9
2 81 81 -
— —
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First, we need to determine the k value, probability density function is

f (X) = kx

How can we find out the value corresponding to k? From the theory of probability, we know
that

[ fogax=1

This is corresponding to continuous random variable, if we integrate the probability density

function within the limits (—o0) to (+o) it should be equal to 1 that is representing the law of

total probability. So, here we can substitute f (x) =kx i.e.,
[ f pax = [ hoxex =1
0 0

and we can integrate within the range 0 to 9. It is given in the question that the PDF which is

given that is f(x) =kx is valid for a value corresponding to x within the range of 0 to 9. So,

this is a simple function, we can integrate within the limit 0 to 9 it will be taking the

2 9
{ﬁ} ~1
2 0



Then we can substitute the limits 9 and 0, it will be giving us the value of k = 831 The value

of k is determined from the probability density function. So, our f(x) will be taking the form,
2

f(X)=—xfor 0<x<9
81

This is our probability density function. Once the probability density function is there with
us, we can find out the cumulative distribution function that is the cumulative distribution
function we can obtain by integrating the probability density function within the respective
range and if the cumulative distribution function is given to you by differentiating that will
get the PDF. So, here PDF we have found out we can find out this cumulative distribution

function.
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Example 2: Probability density and Cumulative distribution Functions

» Cumulative distribution function

F)= [
—
2
F(x)=|—xd
(=] xde
—
F(x):% for 0<x<9 hours
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F(x) is given by
F(x) = f f (x)dx
Now, we can make use of our PDF here, that is capital F(x) CDF is given by
2
F(x) = | = xdx
0=

When we integrate this, we will get



2
FU)zgifm'03xs9hmﬂs

You can substitute the values 0 and 9 here and get the value corresponding to that it will be
coming out to be capital F(x) equal to 1. Corresponding to in between values, that is F(x) less
than or equal to 4, less than or equal to 5, that way if you want to calculate, you keep the

function as such, corresponding values of x can be substituted in this, and its answer can be
2

found out. So, here | am keeping the function as such, CDF F(x) =%. This is the way in

which we will be finding out the cumulative distribution function from probability density

function.
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Example 2: Probability density and Cumulative distribution Functions

» Probability that x is less than or equal to 4 hours
il b Uil

4
<x<h=| f
el F(x=4)
F(X:4):£
81
=r£xdx -
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-
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Now, one more part is left that is the probability corresponding to an x value less than or

equal to 4 hours. So, that is given by
4
P@sxs@:qumx

So, we can get the value corresponding to it by I04f(x)dx. This is by making use of the

probability density function, we can compute it by making use of cumulative distribution

function also. So, when we substitute for f(x) = 831 X, integrated within the limit 0 and 4, i.e.,



2 4
_2|1x =3[E} ~0.107
81| 2 |, 812
This is calculated by making use of the probability density function. Instead of PDF, we can
make use of CDF also we can find out the value that is F(X =4). So, if you are substituting

2 2
the CDF, CDF is given by F(X =4) = % Xis 4, {4?} , that is ;—i So, we will get the same

answer as that of 0.197. So, this is a simple example related to PDF and CDF.
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Example 3: Binomial Distribution

A dam is having a design life of 50 years. Estimate the probability that a flood having a return period of

100 years will occur (i) once, and (ii) 3 times during the life of the dam?
fms il e

» Data

N =50 years, T =100 years
= —

» Estimate, p = probability of exceedance
s Sl donenslon,

O I —
0

Now, let us move on to an example related to binomial distribution. We have seen different
types of distribution corresponding to continuous random variable and discrete random
variables. When we were discussing about discrete random variables, we have looked into
two types of probability mass function. In the case of discrete random variables, we were
using the terminology PMF, it was not PDF. So, here we are going to solve one example

related to binomial distribution.

A dam is having a design life of 50 years. Estimate the probability that a flood having a
return period of 100 years will occur once and 3 times during the life of the dam. So, here we
are having a dam which is having a design life for 50 years, we need to estimate the



probability that a flood having a return period of 100 years, which may occur once in this
design period, and second part is which may occur thrice in this design period. This problem
can be solved by means of binomial distribution, because this is related to discrete random
variable. | did not solve this at the time when | was discussing about binomial distribution,
because, you were not familiar with the term of design period of a structure that we have
completed in the previous lecture only, that is why I have kept this question to be solved after

completing that particular topic.

So, a dam is having a design life for 50 years, you know, what is meant by design life and we
need to compute the probability that a flood having return period of 100 years will occur once
and three times during the life of the dam. So, here we are having capital N is equal to 50

years and return period is equal to 100 years. 100-year return period flood we are considering

and the probability corresponding to that will be p = Tl , these two are inversely related. So, p

can be calculated by making use of % So, N is given that is design life is 50 years and T is

equal to 100 years. Estimate probability of exceedance? We need to calculate small p that is

the probability of exceedance.
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Example 3: Binomial Distribution

» Solution:

v Binomial distribution can be used to find the probability of occurrence of an event exactly r times in n

successive trials
e

1
T A DTt =

=0 = !
Puy=nCrpq (n—r)!l'!//q// dan= 2
s 5 (n—r)lr!
p=l=L=U.01
T 100 _~ n =50 years
T=100 years
=(1-p)=(1-0.01}=0. =
9=(1-p)=(1-001)=0%
i. Given,n=50,andr=1
Z 7z
n-r=50-1=49
=
Pso1=0c1p'g*=500.001099%  =50x0.01x099* =031=31%
= = =
v There is a 31% chance that a 100-year return period flood will occur once
T T

N

We can make use of binomial distribution to find the probability of occurrence because the
event exactly occurring r times in n successive trials. The number of trials we can consider is

50, because the design life period is 50. So, if we are considering every year so, we are



having 50 number of times and out of that r times the flood will be occurring. So, in such

cases, we will be making use of binomial distribution. Binomial distribution is given by

rn-r n! rn-r
Pnr :nCrp q - p q
(n—r)tr!
Where,
|
nC = n

So, here we need to identify different terms, n is given as 50 years and T is given as 100
years, i.e., design period is 50 years, return period is 100 years. So, here we can substitute the

values corresponding to n and r after finding out the values corresponding to p and g. So,

:i:0.0l

bl
T 100

We know probability of exceedance is nothing but 1 by return period, return period is 100.

So, p can be calculated as 0.01 and what is g?
q=(1-p)=(1-0.01)=0.99

Now, we can substitute in the binomial distribution for the first condition n is 50 and r is
equal to 1 that is the flood is occurring once, now, we can calculate

n—-r=50-1=49

Now, you can calculate the value corresponding to

Py: = 50C, p'g®® =50x (0.0)" x(0.99) =50x0.01x(0.99)” =0.31=31%

So, the probability of occurrence of the flood exactly once in the design life period of the dam
is calculated by means of binomial distribution that was found out to be 31% i.e., there is a
31% chance that 100-year return period flood will occur once in the lifespan of the dam.

Now, we can move on to the second part of the question that is the probability of occurrence
of a flood thrice in the lifespan of the dam. So, here in the second part r is equal to 3, there is

no change as far as n and T are concerned. Design period n is equal to 50 and the return



period T is equal to 100. So, there will not be any change taking place in the values

corresponding to p and g, but only difference is there in the value of r, r is equal to 3.

(Refer Slide Time: 17:53)

Example 3: Binomial Distribution

ii. Given, n=>50years, T=100 years,andr=3

n-r=50-3=47

250025347 = 3% 0 030,99
Pso3="C3p ¢ =2r (001 (099)

S0
—(001)'(0.99)" =0.012=1.2%

3(47)! =

v There is a 1.2 % chance that a 100-year return period flood will occur thrice during the design
— s T

period

¥
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So, nis equal to 50 years, T is equal to 100 years and r is equal to 3 times,
n—r=50-3=47
So, we can substitute in the binomial distribution expression

0!

3!(47)!

We can calculate the value as 1.2% i.e., occurrence of the flood thrice within that design

Py =50C,p°q" = x (0.01)*x(0.99)" =0.012 =12%

period is lesser that is 1.2% e. There is a 1.2% chance that 100-year return period flood will
occur thrice during the design period of the dam. If it is once the probability of occurrences
chance is more and in the case of thrice occurring case it is 1.2%. So, this is related to
binomial distribution. Similar to the binomial distribution, we can solve other distributions

such as Poisson distribution, gamma distribution, etcetera.
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Example 4: Extreme Value Type | (Gumbel) distribution

The annual precipitation data for a period of 12 years is listed in the following table:

[ Year [ 1 [2] 3] 4 [ 5] 6 [ 7] 8 [9 [1w0][n]1]
Precipitation(mm) | 1080 [ 995 [ 1013 [ 1100 | 900 [ 1127 [ 1009 [ 1250 [ 990 [ 1001 [ 1125 1250 |

From the analysis it was found that the random variable follows extreme value type- distribution,
estimate the parameters of the distribution and the probability for the variable to exceed 1500 mm
-—.———_/

Extreme value type-| distribution

¥ Probability density function f(X)=a exp[—a(x = ,B) —€Xp(—a(,\' 2 ﬁ)):|

o =

v Cumulative distribution functi F(x):exp[—exp(—w}

a - scalzparameter, a > ()

[ —location parameter,— < f < 0
Gl

o
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Now, let me move on to the extreme value distribution that is Gumbel’s distribution. Extreme
value type I is termed as Gumbel distribution. The annual precipitation data for a period of 12
years is listed in the following table. This is the same data which we have used in the first
problem. From the analysis it was found that the random variable follows extreme value type
| distribution. Estimate the parameters of the distribution and the probability for the variable

to exceed 1500 millimeters.

So, here the data corresponding to annual precipitation is given to us. We are not going to
check whether it is following extreme value distribution or not, but it is given in the question
that it is following extreme value type I distribution that is the Gumbel’s distribution. We
need to find out the parameters of the distribution and also probability for the variable to

exceed 1500 millimeters.

So, extreme value type | distribution we need to have idea about the PDF and CDF. We have
already made use of these distribution for solving one numerical example on frequency
distribution. So, here let us re-look into the distribution function, probability density function

is given by this particular expression
f(x) = aexp| —a(x— B)—exp(—a(x-B))]
and cumulative distribution function is given by

F(x)= exp[—eXp(—a(X_'B))]



So, here we have substituted for (—c(x—/3)) as y that is the Gumbel’s reduced variate and

o 1s the scale parameter which is greater than 0 and f is the location parameter which lies
between —oo< f#<oo0. So, we need to find out the distribution parameters that is « and

£ and we need to find out the probability for the variable to exceed 1500 millimeter.

(Refer Slide Time: 21:06)

Example 4: Extreme Value Type | (Gumbel) distribution

» Parameters

1.28255
=
s

—_—

B =x-0450050

7 —

s
1o
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Let us start solving the example, first we need to find out the parameters. Parameters « and

£ . We are having the expression corresponding to that

1.28255
a =
S

and

B = x—0.450050

Here you can see one term corresponding to s and another term corresponding to x is present.

So, s is representing the standard deviation of the sample data and X is representing the
sample mean. So, first we need to calculate the standard deviation and the mean

corresponding to the sample data, then only we can go for the computation of « and .
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Example 4: Extreme Value Type | (Gumbel) distribution

Precipitation
(mm) » Sample Mean
Year //

1080 =
o PO i B +x

1013

1100 B
900
121

T =1070 mm
1250 —
990
1001
1125
1250

2 S[we|eo|~|o|on|e ||

Y
P
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So, these are the data given to us. Now, we can compute the mean value by taking the

average of these values given for precipitation. So, sample mean is given by

Here we are having data up to x,,. So, we will be dividing it by 12. So, this can be calculated

as 1070 millimeters.

(Refer Slide Time: 22:28)

Example 4: Extreme Value Type | (Gumbel) distribution

Precipitation — —\2 x=1070 mm
o (x-x)(x - )
lear » Standard deviation
1 1080 10 100
2 995 75| 62
3 1013 1| a9
4 1100 30 300
5 900 A70_|_ 28900
6 1127 51| 349
7 1009 51 3721 ¥
8 1250 180 | 32400 =v'(12_1)"124/739
s 990 80| 6400 ==
10 1001 59| 4161
1t 1125 55 3025
12 1250 180 | 32400 =106.49

—

P
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Now, next step is to compute the standard deviation sample standard deviation. X is 1070-

millimeter, standard deviation is given by the formula,

o= g

So, here in the denominator we are having (n—l) because it is corresponding to the sample,

if it is related to population we will be using n. So, n is 12 here and we need to calculate
—\2

(x4 -%)'.

So, x. is given by the precipitation corresponding to each year, i varies from 1 to 12, we can

compute (xi—>_<). It is calculated over here in this column and next we can calculate

—\2 —\2
(xi —x) that also calculated. And after that we can get the summation of (xi —x) and that

can be substituted here in this expression for s. The Z(xi —>_<)2 is coming out to be 124730.
i=1

So, once we substitute for that value we can calculate s as

\/1
S:
(12-1)

So, this is the standard deviation. Once we have computed sample mean and the

x124730 =106.49mm

corresponding standard deviation, we can move ahead for the computation of the parameters

of the Gumbel’s distribution.
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Example 4: Extreme Value Type | (Gumbel) distribution

- BETEET 5 =106.49 mm

1.28255
a=

b

*=1070 mm

_Lwss_ oo

10649 —=

B=1x-0450050

—

=1070-0.45005x106.49=1022.07

——

So, the parameters « and S we need to compute, « is consisting of standard deviation and

,_1:28255 128255 _

= =0.012
S 106.49

and

B = x—0.450050 = 1070 — 0.45005x106.49 = 1022.07

So, we got the values corresponding to different parameters of Gumbel’s distribution.
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Example 4: Extreme Value Type | (Gumbel) distribution

» Probability that the variable exceeds 1500 mm

P(X>1500)=1-P(X <1500) =1-F(x =1500)

e ——— e ——

y=a(¥-p)
=0.012(1500-1022.07)
=573
=

F(x)= exp[ ~exp(-5.73)|=0.996

P(X>1500)=1-P(X <1500) = 1-F(x =1500) = 1-0.997 = 0.00323
_’// —
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Now, the second part of the question is to calculate the probability. Probability that the
variable, random variable exceeds 1500 millimeters that is our rainfall is exceeding 1500
millimeters. What is the corresponding probability? That can be calculated by using the

formula P(X >1500). So, that is obtained by making use of the cumulative distribution

function, this is equivalent to
P(X >1500) =1— P(X <1500) =1— F(x =1500)

This will be giving us the value corresponding to the probability that the variable exceeds

1500 millimeters. So, here we need to compute the F(x =1500) .

We know the cumulative distribution function F(x) is given by
F(X) = exp [—exp(—y)]

What is y? y is given by

y=a(x-p5)

Here x is nothing but 1500, « and £ we have already calculated. Now, we can substitute in

the expression for y, the values of «, £ and x and
y =0.012(1500-1022.07) =5.73

So, y is obtained as 5.73. Now, we can substitute the value of y as 5.73 in the cumulative

distribution function F(x) and it is calculated
F(X) =exp| —exp(-5.73) | =0.996

So, the probability can be calculated as
P(X >1500) =1- P(X <1500) =1- F(x =1500) =1-0.997 = 0.00323

The probability that the variable exceeds 1500 millimeters very, very small. You can observe
the data series itself, in that there is no data corresponding to 1500 millimeters. So, based on
the probabilistic distribution, when we calculate the values coming out to be very, very small.
So, this way we can make use of Gumbel’s distribution to calculate the probability for that

first we need to find out the parameters of the distribution. Similar way, we need to calculate



the case with the other distributions also. I am not solving the examples related to that, the

methodology followed will be the same.
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Example 5: Risk

The design life of a hydraulic structure is 100 years. Estimate the risk involved for this hydraulic
S St ST :
structure if it is designed for: (a) 50-year return period flood, and (b) 200-year return period flood?
tigr el gl et Uil e

» Solution:

a) N=100years, T =50 years

Risk, Eﬂ_(l_i =1-0.1326=0.867=86.7%
35 e s

e

b) N =100 years, T=200 years
] S

<100

Risk, R=|-||—%] =1-0.605=0.394=39.4%

= =
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Now, let us move on to solve some examples related to risk. Let me first read out the
question. The design life of a hydraulic structure is 100 years. Estimate the risk involved for
this hydraulic structure if it is designed for 50-year return period flood and 200-year return
period flood. Two cases are there, the design period of the structure design life of the
structure is 100 years and we need to compute the risk in two cases, one for the case of 50-
year return period flood and the second one is for the case of 200-year return period flood.
How can we compute the risk the formula which can be utilized for finding out risks we have

discussed in the previous lecture that is given by

N
T

Where, T is nothing but our return period, capital N is the design life of the hydraulic

structure.

The design life of the structure is 100 years, only the return period is changing in both the
cases. N is equal to 100 years and T is equal to 50 years for case A. We can substitute that in
the expression for risk

1 100
Rzl—(l—%j =1-0.1326 =0.867 =86.7%



It can be calculated as 0.867, it is around 86.7%. So, 50-year return period, if we are talking
there is a chance of risk of about 86.7%. Then coming to the second case that is 200-year
return period flood. While discussing about the risk factor | was explaining that we need to
choose the return period according to the importance of the structure. We will not be using
the same return period for all the types of structures. So, in the case of dams and other major
structures, the return period which will be considered will be very high. So, definitely you
can understand that when the return period is increased to 200 years, the risk associated with
that will be less compared to a return period of 50 years. So, we can solve the second part, N
is equal to 100 years and T is equal to 200 years. So, when you substitute in the expression

for R, you can calculate the risk associated with that as
1 100
R= 1—(1——j =1-0.605=0.394 = 39.4%
200

So, the risk is reduced. Here we need to have two data, one is the return period of the extreme
event and also the design period corresponding to the particular hydraulic structure.
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Example 6: Risk

The design life of a particular culvert is 5 years. What is the design return period to be considered for

the design of a culvert, in order to accept only 10_%’r|_s_k_ that associated with flooding within the design
life? Also, estimate the chance that the culvert designed for the above design return period will not

have its capacity exceeded for 50 years?

i. N=5years

—
Risk = 10%

—
=2

~

ii. N=50years ; Risk=?

\
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Now, let us solve one more example related to risk. The design life of a particular culvert is 5
years. What is the design return period to be considered for the design of the culvert in order
to accept only 10 percentage risk that can be associated with flooding within the design life?
Also estimate the chance that the culvert design for the above design return period will not
have its capacity exceeded for 50 years. Two parts are there, slightly difficult to understand

the question, read it carefully. We need to find out the return period corresponding to the



design of a culvert which is having a design period of 5 years and we can allow a risk of 10
percentage, that is the first part. By allowing a risk of 10 percentage we need to calculate the
return period and then the second part is to find out the design period. Second part is to find
out the chance that the culvert designed with the return period which we have found out in

the first part will not have its capacity exceeded for 50 years.

Let us start solving the problem then you will be able to understand. In the question it is
given that the design life of the culvert is 5 years. So, 5 years design life is there for the
culvert, those types of structures will be given less importance that is why the design life is
given 5 years and the return period considered also will be less in such cases. Here we need
to compute the risk associated with the structure. N is equal to 5 years and risk allowed is 10
percentage. We need to compute the return period corresponding to this allowed risk. We are
having the formula for risk, we need to compute the return period T and second part is to
compute the risk. We are having the design life of 5 years and also for which return period
the risk has to be computed, the return period which we are computing in the first part of the
question. Two parts are there in this question, first part is to find out the return period
corresponding to a risk of 10 percentage, allowed risk is 10 percentage and the design life is
there 5 years and second part is that if you are considering the return period of the one which

we are calculating in part one, how much will be the risk associated with that?
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» Solution:

i. Riskinvolved (R)=

10%= 0.40; N
(_l
T

0.10=1- (1-1]\
T)

g

T =4798 years

—

There is 10% chance that a 47.98 year flood will occur once or more in the next 5 years
= e e e T
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We can proceed solving the question. The risk involved R is 10 percentage, that is 0.1 and N

is equal to 5 years. We will substitute in the formula R is equal to



T =47.98 years

As far as a culvert is concerned, this return period is very high, 47.98 years and in majority of
the cases we will not be considering 47.98 years, we will be approximating it to 50 years. So,
this is the design return period, which can be calculated from the question for a risk to happen

around 10%. There is a chance that 47.98-year flood will occur once or more in the next 5

years.
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ii. Risk that the culvert designed for the above design return period will not have its capacity
ettty 2ty qbbtint st

exceeded for 50 years

v N=750 and T = 47.98 years
=

Chance that the culvert designed for the above design return period will not have its capacity
Aot LU Godiia L U STAVERIESECA]

exceeded for 50 years

R =1-R=1-065=035 -

—_—

T T |
Second part of the problem is to calculate the reliability. For that first we will compute the
risk associated with that. So, we are going to make use of new design return period and in
that case, N will be 50 and T will be 47.98 which we have computed in the first part. 47.98
can be approximated as 48 years and we can compute the risk associated with that R is equal

to



50
R =1—(1—i)
48

So, T we have substituted as 48 and risk can be calculated as 0.65.
R =0.65

65% of risk associated with this. But we have been asked to find out the reliability that is the
chance that the culvert design for the above design return period will not have its capacity
exceeded for 50 years. How can we calculate reliability? Reliability is nothing but it is 1

minus R, i.e.,

R =1-R=1-0.65=0.35

It can be calculated as 0.35 or 35%.
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So, these are the different types of numerical examples, which can come under these topics.
You need to try with different example problems and exercise problems. You will be getting
different numerical exercise and example problems from these reference textbooks. Try to
solve maximum number of problems related to this topic. So, here I am winding up the

problem-solving session on probability distribution and risk analysis. Thank you.



