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[Answer all questions. Each question carries FIFTEEN marks]
All Standard Notations denote their regular meanings

Ql.

Q2.

b)

a)

b)

d)

Two different observers measured an angle using the same instrument, as
indicated in Table Q1-1. Determine the following using the data available.
i.  The standard deviation of each observer’s readings.
ii.  The standard error of the arithmetic means.
iii. ~ The most probable value (MPV) of the angle.
[6.0 Marks]

Measured angles surrounding a station “O” are as given below.

a = 75° 16 10 wt. 1
b = 80 38 2r wt. 2
c = 150° 28 1% wtl
d = B3 Fr W wt1
atb = 155° 54' 45" wt. 2
ctd = 204> 05 30" wt. 2
Starting from fundamentals, find the most probable values of a, b, ¢, and d

using the direct method (Method of correlatives) of least squares.
[9.0 Marks]

Mean traffic flow in a road is expressed as 350 + 21 vehicles on a particular
road section in a given hour. Explain the meaning of this statement.
[2.0 Marks]
A regression analysis yields the line = 30 + 0.5x. One of the subjects,
Saman, has x = 60 and y = 52.
i. Calculate Saman’s predicted value, j .

[1.0 Mark]
ii.  Calculate the error in Saman’s estimation.

[1.0 Mark]

Linear regression line for traffic flow in road A is U; = 120( 1 — k , while it
gr 20

is Us = 80(1 = k/ 20) for road B. Interpret the relationship between flow and

mean speed for these two roads and discuss the characteristics of traffic flow in
these two roads.

[3.0 Marks]

Models for these two roads have fitted with R? values of 0.75 and 0.3 for road
A and B, respectively. Explain the meaning of these values in terms of the
accuracy of the models.

[4.0 Marks]
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Q3.

Q4.

One part of a given road is damaged and hence there is a difficulty in traffic

movement in that part. It was observed that time to pass this damaged part is
increased with the length of the vehicle. Draw the shape of a linear regression,
which can depict the relationship between time and the length of the vehicle.

[Explain your decision-making procedure and name the axes of your graph ]
[4.0 Marks]

The data collected during a vehicle speed distribution study is given in Table
Q 3-1. Determine the following statistical parameters related to vehicle speed
referring to the Z table given in Table Q3-2 and useful equations given at the end

a)

of the paper.
i. Mean speed

[2.0 Marks]
ii.  Standard deviation

[2.0 Marks]
iii. Standard error

[2.0 Marks]
iv.  95% confidence interval (two tail)

[2.0 Marks]

b)

If () = texp©t"/2 whent>0and f(t) = 0 when t < 0, compute the mean
and the variance of x.

[5.0 Marks]
Determine the mean and the variance of a random variable x of which
probability function is given by

f) =9 4y 3=2
1/4 x =3

[2.0 Marks]

Compute the Cov[x, y] and p(x, y) for the random variables, x and y given by
the joint density function
o <x< <y<
f(x,y)={6xy(2 x—y) 0<x<land0<y<1

0 otherwise
[6.0 Marks]

The thickness of a full-depth asphalt pavement is determined by the equation

2
t = (0.25 + 0.125 log(n)) [ (7;_;) = azl 3/5/5,,

in which ¢ is the thickness of asphalt concrete; n is the number of load
repetitions; P is the wheel load; E is the modulus of the subgrade; a is the tire
contact radius, and E, is the modulus of asphalt concrete. Assume that
t = 6.5in., n =100, 000., P = 9000Ib, E = 10, 000 psi, a = 6in., and E, = 400, 000psi
and that the coefficients of variation of ¢, n, P, E, a, and E, are all 10%. Also
assume that  has a normal distribution and that the reliability is based on the
required ¢ obtained from the above equation versus the designed t of 6.5in.
Determine the reliability of the design based on Taylor series expansion
considering first order terms only.

[9.0 Marks]
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Tables, Figures, and Equations

Table Q1-1: Observation

Table Q3-1 Speed Observation Data

Speed Class Observed Frequency
34<X<36 3
36 <X <38 B
38<X<40 7
40<X <42 5
42 <X <44 20
44 < X < 46 30
46 < X <48 40
48 <X <50 89
50 < X <52 85
52<X<54 40
54 < X <56 25
56 < X <58 18
58 < X < 60 7
60 <X <62 3
62 <X <64 2
64 < X <66 1
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Table Q3-2 Standard Normal Probabilities

Table entry for z is the area under the standard normal curve
to the left of z.

.01 02 03 .04 05

0.2

5793

5832 .5871 5910 .5948  .5987

9997 9997  .9997
Useful Equations
. Y. nX
7= Z;_}v iAi " Nzll{_:l TliXiZ = €(=1 n; X;)?
N(N-1)
2 _8 X —ZappSu <t <X+Zy;Su
M m
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