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There are SEVEN questions. Answer any SIX questions. The figures in the right
margin indicate the marks of the questions.

1(a) Refer to the following figure. For the impending downward motion of B, determine (12)
the tension in the cables and the weight of B. Weight of A =400 Ib, f, = 0.33, fs =
0.25.

1(b) Refer to the following figure. If Q = 150 Ib, friction coefficient for the band brake = (13)
0.33, friction coefficient for the bearing = 0.12, weight of the 6 in shaft = 800 Ib,
weight of the 6 ft drum = 3000 Ib, weight of the 8 ft brake wheel = 2400 Ib,
determine the weight W for impending motion considering the brake friction and the
friction in bearing.

Band brake
f=0.33

Bearing, f=0.12
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2(a) A particle is moving with rectilinear motion. The displacement (ft) versus time (sec.) (12)
function of the particle is given below:

S=2*+51+10

Determine the velocity, displacement, and acceleration of the particle after 5 sec.
Also determine the displacement of the particle in 5" sec. Make comments on the
velocity versus time function and acceleration versus time function.

2 (b) A body 4, as shown in the following figure, is suspended from a cable wound around (13)
a 5-ft drum. The body is moving down with a constant acceleration of 3 fps’. If the
body starts to move from rest condition, determine the followings at points X and Y
after 10 sec:

I. Angular and linear velocities
[I. Normal and tangential accelerations
nf

[

3(a) Refer to the following figure. All forces are in z direction. Determine the magnitude  (13)
and location of the resultant force.




3(b) The sliding members A and B of the following figure are considered to move all (12)
times in the “y” and “x" directions, respectively. They are connected by the rod AB
whose length is 10 fi. At the instant when x = 8 fi, velocity of B is 20 fps toward the

right and acceleration of B is —15 fps’ toward the left. Determine the velocity and
acceleration of A at this instant.
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4(3) A cylindrical jet of water 4 inch in diameter moving with an absolute velocity of 30 (13)
fps, strikes a flat plate whose surface is at right angle to the jet as shown in the
following figure. Determine the forces exerted on the plate by the water for the
following conditions:

(1) the plate is fixed (V,=0)
(1) the plate moves at V, = 8 fps in the same sense as the water
(iii) the plate moves at V,, = 8 fps in the opposite sense to that of the water.

Plate
Water Jet
e—— >
—_— v 5
30 fps

4(b) In the following figure W, = 1000 Ib., f = 1/3 and the pulleys C and D are to be (12)
considered frictionless and weightless. (a) If A moves 60 ft. from rest up the incline
in 12 sec., what is the weight Wy of the body B? (b) What are the forces in the
cables attached to A and B? (¢) What is the change of potential energy of A and B?




5(a) Refer to the following figure. The speed of A changes from 10 fps to 60 fps during 25  (13)

sec. Determine (i) the weight of B, (ii) the distance moved by B during 25 sec, and (iii)

the tension in the cable,

966 Ib LLLLLrS

Smooth

RF = ——4——=+V.omy
2 2

The symbols carry the usual meanings.

(12)

6(a) In the following figure, W, =200 Ib., Wy = 100 Ib., f) = 1/4, and fs = 1/3. How far (12)

and in what direction does A travel from rest during 30 sec.? What are the tensions in

the cables C and D?

Frictionless and weightless pulleys




6(b) Derive an expression for the moment of inertia of a homogeneous right circular (13)
cylinder about the geometric axis and a axis perpendicular to the geometric axis
passing through the base of the cylinder.

If a cast iron cylinder is 24 inch in diameter and 48 inch in long, what is its moment
of inertia and radius of gyration about the axis perpcndmu!ar to the geometric axis
passing through the base? Unit weight of the cast iron =450 Ib/ft.

7(a) A 3-ft solid disk A of weight 128.8 Ib is supported by a weightless cord, which wraps (12)
about its midsection as shown in the following figure. If it rolls downward from rest,
what is its angular velocity after 5 sec? Determine the tension in the cord and the
acceleration of A at center.
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7(b) The following figure represents a boom that supports a load W = 1000 Ib. If AB=BC (13)
=6 ft, BD= 5 ft, and BE = 4 ft., find the tension in the cable and the force in
members AE and CE.

‘ B
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m



3. Projeci engineer of Mr. Rahman has caleculated the following estimate for his proposed 2500 Sft
construction work:

RCC casting £ 2000 Cft
Reinforcement : 10 tons

5 inch brick work : 3000 Sft
Plaster work » 25000 sft

Mosaic and Tiles work : Tk.2,00,000.00 (Lump sum)
Door, windows etc : Tk. 2.50,000.00 (Lump sum)

Also assume,
Electrification Cost (With Labor) : 9% of the building construction cost
Sanitary (With Labor) : 10% of the building construction cost
Contingency Charge : 5% of the total construction cost

Assuming reasonable unit price calculate the amount required per square foot of the above-mentioned
building.

6. Mr. Rahman wants to use some cquipment in his construction work. But he knows that using
of these equipments have both merits and demerits. Write down some merits and demerits of
using equipments in the construction projects.

7. Give the specific regulation of the RAJUK rules regarding the following situation,
a. Distance of a building from the adjacent road.

b. Height of a building from the adjacent road.
8. Give the special regulations of RAJUK regarding site clearance for Residential Buildings.

9. Describe the Road transportation network in Bangladesh,

10. Write a short note on seven physiographical divisions of Bangladesh.
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1. (a)
(b)
(c)
(d)

(b)

(c)

3. (a)

(b)

(c)

[Answer any FOUR questions. All questions carry equal marks]

What is an atom according to Dalton’s theory?

Discuss the Rutherford solar system atom model.

What are the limitations of Rutherford's atomic theory?
What are the postulates of Bohr’s atomic theory?

Mention the success and failure of Bohr's theory.

What is dynamic equilibrium?

Give some examples of chemical and physical equilibria.

The formation of ammonia by Haber Bosch process follows the following equilibrium reaction:

Na(g) + 3H; (g) < 2NH; + 92 k] mol-1

What will be the effect of increase in pressure and decrese in temperature on this equilibrium?
What is Kp?

Find an expression for Kp of this equilibrium.
What will be its K.?

What are enthalpy and enthalpy change?

Explain exothermic and endothermic reactions with suitable examples.
What is standard enthalpy of formation?

Define standard enthalpy of neutralization.

What is combustion?

Calculate the standard enthalpy of formation of benzene from the following data:

Substance Formula AHc / kJ mo!™
Benzene CeHy (D -3278

Carbon C (graphite) -394
Hydrogen Ha(z) -286
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03
02
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Ql.

Q2.

Q3.

Q4.
Q5.

Q6.
Q7.

There are Twelve (12) guestions. Answer any Ten (10)

By using Newton-Raphson’s method, find the root of x*-x-10 which is near to x=2,
correct to three places of decimal.

Solve the following linear equations by Gauss-Jordan Elimination method
X +t2y+z =8
2x+3y+4dz =20
4x +3y +2z =16

Evaluate

6
_[ (1+°)" dx

0
by using (a) Simpson’s *1/3’ rule, (b) Simpson’s *3/8" rule.
Using Taylor's series, find the solution of the differential equation y'=y*, y(0)=1 at x=0.01.

Using Newton's divided difference method calculate £(5) for the following data

X 0 2 3 4 7 9
f(x) 4 26 58 112 466 922

Derive the best-fit equation y=a;x + a;x° for the points (0,0), (2,3), (3,5), (4,6) and (5,7).

Calculate the shaded portion of the area under the curve as shown in the following figure-1,
using Gauss Integration for n=3.

y=Vx
n :ta. Wi J [+
1 0.0 2.0
2 +0.57735 | 1.0 y
3 +(.77460 | 0.55556
0.0 0.88889 //

Figure-1



QI

Q2.

Wnite a FORTRAN program to

(a) Read an integer N

(b) Read the magnitudes F(k) of N forces [k=1 to NJ, the angles 6 (k) they make with the
horizontal and their perpendicular distances r(k) from a reference point O

(c) Calculate the horizontal component [F,=F(k)cosf(k)], wvertical component
[F,=F(k)sinB(k)] and moment about O [M=F(k)r(k)] for each force and also calculate
XF,, ZF, and M,

(d) Write ‘The forces are in equilibrium® if £F,=0, ¥F,=0, ¥M;=0, otherwise write the
values of X F,, I'F, and M,

Write a program to perform the shear design of rectangular RC sections by the Working Stress
Method using the following procedure. The units used for the calculations are kips, ks, inch

ele.

1. Read material properties f', f;
2. Read sectional properties b, d, A,
3. Caleulate V, yuy= 5V bd
4. Read design shear force V
5. (1) If V> V¢ (ay, print *Change the cross-section’
(11) Otherwise, calculate V. = 1.1 VI’ bd, design spacing, Streqy= As f d(V=-V), Vo=

3P, bd

(a) If V> V., the stirrup spacing (8) should be the minimum of S, , d/4, 127,

A/0.0015b

(b) If V< Vg, but V> V., S should be the minimum of S, d/2, 24" A/0.0015b
(e) If V< V,, S should be the minimum of d/2, 24" and A,/0.0015b
Print S, A,



Q8.

Q9.

Q10.

An airplane lost its control and is moving towards a 103 storey building as shown in
figure 2 The plane is maintaining a constant height of 900 ft above ground level. To
destroy the plane before it reaches the building a missile launcher is set at the base of
the building. The alignment of the launcher is set such that the missile will follow a
curved path defined by y(x) =x’+3x° +10. Using interval bisection method, find the
distance of the possible point of collision from the base of the building.

[ Take 7 and 10 as initial and final points respectively and tolerance 0.5 ]

Possible point of -
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X

llb##i:tiblrlFt)llll-ilI-l-l-?lrl!llh'iilr:trb)rr:bnbrlJrnab
L LG, PO B P PSR DL L L B L G R S Tl T i el e e e e e e i DU B N M D N i b S b b

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

Figure-2
In a laboratory test the following strength for concrete cylinder is obtained at different time
intervals:

Days: 4 11 18 24 31 38
Strength (ksi): 0.6 14 24 3.0 33 3.5

Calculate the value of the 14" day concrete strength using Lagrange’s Polynomial
Interpolation.

Find the output of the following program

DIMENSION X(-4:4)
INTEGER X, SUM
DO 10 1=-3,0,3
X(1-1)=- (2*I-1)
X(1) = - (I+1)
X(1+1) = - (I**3-1)
10 CONTINUE
SUM=0
DO 20 J=-4,4
PRINT*, X(J)
SUM=SUM+ X(J)
20 CONTINUE
PRINT*, *SUM=", SUM
STOP
END
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There are Thirteen (13) questions in this paper. Answer any Ten (10).
Assume any missing data reasonably

QI. Determine the reactions for the frame, loaded as shown in Fig,] Also find the shear foree, (10)
axial force and bending moment at section a-a.

2KkA

7

Intemnal hinge

|
6 [ 2 | 8" 1

Fig.1

Q2. Using summation procedure, draw the shear force and bending moment diagram for the beam  (10)
with loads as shown in Fig. 2.

ik Ikf 3k

Fig.2

Q3. Using singulanty function, derive equations of shear force and bending moment of ecach  (10)
region for the beam as loaded in Fig. 3.
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Q4. A solid cylinder of 5 em diameter and 100 cm length is subjected to a tensile force of 16 tons.
One part of this cylinder, L; in length is of steel, the other par, fastened to steel, is aluminum and
is L; long,
(1) Determine the lengths Ly and L, so that the aluminum part elongates twice as much as the steel
portion,
(i) Compute the elongation of each matenal part and hence the total deformation
(111) What stress is developed in the cylinder?

Assume, Ey = 70%10" kg/cm® and

E, =21x10" kg/em®

Q5. A 6"=10" timber beam is reinforced only at the bottom by a steel plate, as shown in the Fig, 4.
The beam is loaded in a 18" simply supported span. If E.=20E,, o, <18 ksi and o, <1.2 ksi. find the

value of P.
P fe—0" |
o T
10"

7 2

-

If;"

4#
Fig. 4
Q6. A simply supported beam of 10 ft span is loaded as shown in Fig.5. The beam has a constant
width of 6" throughout its length with varying depth of 9" at the center to minimum at ends. Find

the minimum depth of the beam at Sec. 1-1 such that the maximum bending stress at Sec.1-1,
Omas(1-13 15 €qual to that at the mid span section, Gmumidspan-

R

|_| X-section at mid span
25"

Fig. 5

Q7 (a). A uniformly distributed load of 200 Ib/ft is carried on a simply supported span. If the cross
scction 15 as shown in Fig. 6{a), determine the maximum length of the beam if the shearing stress
is limited to 100 psi. Assume that load acts over the entire length of the beam.
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Q7 (b).Find the ratio of maximum shear stress to average shear stress of the beam section shown in
Fig. 6(b).

"
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Fig. 6(b)
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Q8. Determine the minimum cross-sectional areas of members BC, BD and CE for the truss shown
in Fig.7 if the stresses are not to exceed 20 ksi in tension or 14 ksi in compression.

Fig. 7
Q9. Determine the Jocation of the shear center of a thin-walled section shown in Fig.8. The

thickness t is constant throughout the seci
T
WA =
9+
| 30
T
Fig. 8

Q10. Two plates are joined by four rivets 22 mm in diameter as shown in Fig. 9. Find the
allowable load P if the allowable stresses are as follows:

allowable shearing stress, ©= 80 MPa

allowable bearing stress, o, = 120 MPa

allowable tensile stress, g, = 90 MPa

Assume 3 mm clearance for the hole diameter over the actual bolt diameter.

B3 124
| T | f
Pe—ry 1S0mm | @ | ® 130 mm |—p
i . M P
l t Q : =14
T . i 3= mim
r;xra-\rh A
N Gl e
P > |

t,= 10 mm
Fig. 9

b

(3)

(10)

(10)

(10)



Q11. In the gusset plate connection shown in Fig.10, each rivet has a X-sectional area of 0.50 in”.

The allowable load P was designed for a shearing stress of 10 ksi. What will be the maximum

shearing stress in the rivets if the rivet at A is improperly driven so that it cannot carry any load?
3" 3“’ 3" 3"

t IJ],I JT,I

Fig. 10

Q12. A plate is lapped over and welded to a gusset plate as shown in Fig.1 1. What maximum value
of P can be applied as shown if 5/16-in. fillet welds are used using allowable t= 21 ksi through the
throats.

P
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Fig. 11

Q13. Two 4x4x3/8 in. angles, which are to be welded to a gusset plate of thickness 0.5 inch carries
a load of 220 kips applied along its centroidal axis as shown in Fig.12. Determine the lengths of
fillet welds applied along the toe, heel and entire length of the end of the angle for a non-eccentric
connection. Assume that allowable shearing stress through the throat of each weld is 21 ksi.

: | = "
-:,r- —— I — . P=220k = 134
Jr_ il 2.86"
\ Angle
%”//’J H
Gusset plate e
Fig. 12

Fillet weld size

Thickness of the parts | Minimum fillet | Maximum fillet weld size, in

to be welded, (in) weld size, in

Y inch or less 1/8 inch Thickness of the parts

Over 1/4 10 1/2 3/16 inch 1/16 inch less than the thickness of the parts
Over 1/2 1o 3/4 Y inch 1/16 inch less than the thickness of the parts
Over 3/4 5/16 inch 1/16 inch less than the thickness of the parts

(10)

(10)

(10)
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Answer any 6 (SIX) questions. Figures in the right margin indicate full marks.

1 a, Define, Viscosity, Surface Tension, and Capillarity. ]

b. Differentiate between,(i) Lagrangian Method and Eulerian Method 6
(ii) Ideal and Real Fluid
(111) Uniform and Non-Uniform Flow

c. A space of 3.0 cm between two large plane surfaces is filled with blycanne 8
Determine the force required to drag vertically a very thin plate 0.90 m* in area
between the plane surfaces at a constant speed of 1 m/s, if the plate is at a d1stance

of 1.25 cm from one of the surfaces. Take dynamic viscosity 0.05 N-s/m" and

weight of the plate 5 N.

£ 1 m/s

Plate, 0.90 m*

NN

1.25cm 1.75cm

R\
LAid RA LA

NN NN

Figure 1
d. By how much does the pressure in a cylindrical jet of water 5 mm in diameter exceed 5
the pressure of the surrounding atmosphere if the surface tension of water is 0.073 N/m.

2 a. What is continuity equation? Derive the equation for incompressible fluid. 10

b. Compute “y” in Figure 2 if the pressure differences between points A and B is 135.38 7
KN/m?. (Pa>Pg)

PR ST IT I IR Py

.I'"q, -.:{- ........... _;: ap—— -
Ty
& r:-:I B
& ke 4

i AIR

<4— Mercury (S=13.6)

Figure 2




¢. Determine the reading of gauge A in Figure 3. &

@A

25m —
Qil, $=0.9
3.0m 1 |160m
WATER EL Qil, 8=0.8
Mercury ks S

= =13 B (s a0m

0.60m ® .E': T T
Figure 3
3 a State and derive Bernoulli equation as an energy equation, mentioning clearly the &
assumptions made in the derivation. What are its limitations?

b. What are the advantages of the impulse-momentum equation over the Bemoulli 5
equation? Give two applications of the theorem.

c. Water enters in a 120° horizontal reducing pipe with a velocity of 5 m/sec and a /2
pressure of 78.480 kN/m” as shown in Figure 4. If the diameters at the entrance and
exit sections are 30 em and 20 cm respectively, calculate the components of the
reaction e.g. Rx and Ry acting on the pipe.

Figure 4
4 a. What do vou understand by the term ‘centre of pressure’? 5

b. Caleulate the total pressure and the depth of the center of pressure on the inclined §

gate AB shown in Figure 5, the width of the gate perpendicular to the plane of paper
15 one metre.




c.

A pitot tube having a coefficient of 0.98 is used to measure the velocity of water at

the center of the pipe. Calculate the velocity when the stagnation pressure and static
pressure are 6m and 5 m respectively.

. Water flows through a horizontal venturimeter, 30 cm x 15 cm diameter, at the rate

of 0.039 cumecs. If the difference of pressure is 0.25 m of water, calculate the
coefficient of the venturimeter.

a. Define, (i) coefficient of contraction

d

b.

L]
. Show that the flow over a triangular notch can be expressed as, Q:%C., T2 an L

(11) coefficient of velocity, and
(111) coefficient of discharge

. A circular orifice, 3.5 cm diameter, is made in the vertical wall of a tank. The jet falls

vertically through 0.5 m while moving horizontally through a distance of 1.5 m.
Calculate the coefficient of velocity if the head causing flow is 1.2 meters.
If the discharge is 2.80 x 10” m’/s, Calculate C. and Cg.

. Show that the discharge equation of an external mouth piece can be expresses as,

Q=0.8552a 2o/

. Water is discharging through an external mouthpiece of 25 cm® area, under a head of

3m. Find the discharge through the mouthpiece, Take C.=0.62.

. What is the difference between a weir and an orifice? How are the weirs classified?

A rectangular channel 1.25 m wide has a rectangular weir at the end. If the length of
the weir is 1 m, and its sill is 0.2 m from the bottom, find the discharge when the
measured head over the crest is 0.25 m. Take C4=0.62.

2

. The rate of flow of water over a V-notch with apex angle & =60" is 0.05 cumecs.

Find the head over the crest if Cy =0.62.

- What is Dimensional analysis? What are the different applications of the principles of

Dimensional homogeneity in fluid mechanics?

. Check whether the following equations are dimensionally homogenous:

V:
a, 0=C,a\2gH b. V=CJRS . h_,zf%"ig

. Two reservoirs A & B shown in Figure 6 are connected by a pipe line consisting of

two pipes, one of 15 em diameter and length 6m and the other of diameter 30 ¢m and

16 m length. If the difference of water levels in the two reservoirs is 6 m, calculate
the discharge. Take £=0.04

10



Reservoir 1 6m
r 30 cmd

15 cmé e i
B
< >< >
6m 16 m
Figure 6
§ a What do you understand by ‘minor losses’ in pipes? Mention the places with neat 6

sketches where minor losses may occur.

b. Calculate the discharge through the pipeline shown in the Figure 7. Also find the /2
pressure at points A and B, The depth of water in the reservoir is 5 m. Neglect losses.

M []
| 4
2m | B
- “" Pipe Dia
Reservoir 10 cm
5m
_________ B I .
1 3m Nozzle, 5 cm dia

Figure 7

7
c. Water is flowing through a pipe. The energy grade line is shown in Figure 8.
Calculate flow of water through the pipe. Take f=0.04.

W
Gm 4m
Diameter 30 cm
-
Flow = =t
< 100 m = Flow

Figure 8
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[Answer any 10 (ten) of the following 14 questions]

I. The side elevation of a two-storied residential RCC structure is shown in the f; gure below. Calculate
(i) the story forces Fy, F; and the base shear due to wind force if the average wind coefficients are
CGi=1.0,C,=1.0,C6=12,C,= 1.0, C, = 1.1, frame width = 15, basic wind velocity = 120 mph,
(ii) the seismic zone coefficient Z if the seismic base shear is equal to the base shear due to wind
[Given: R=4.0, 1= 1.0, S = 1.2, weight of each beam = 1.5 k/Mt].

PR B c o
L 10"
P E F . Iy
15"
H I J K
froncend ko] s _
| 20¢ — 10— 20° |

2. For the structure described in Question 1, use the Portal Method to calculate the lateral loads F,, Fy if
the axial forces in beams AB and DE are 10 kips and 15 kips respectively.

3. For the structure described in Question 1, use the Cantilever Method to calculate the lateral loads F,,
F; if the shear forces in beams AB and DE are 10 kips and 15 kips respectively.
Assume all the columns have the same cross-sectional area.

4. For a uniformly distributed vertical load of 1.5 k/ft on each beam, draw the SFD and BMD of beams
DE, EF and AFD and BMD of columns DH and El of the structure described in Question |, using
(i) approximate locations of inflection points, (ii) ACI coefficients.

3. In the structure shown below,

(i) Use the Portal Method to calculate the reactions at support A, G and draw the BMD of ABC.
(ir) Calculate the forces in members CD, BE, CF, assuming diagonal members to take tension only.

2 @20' = 40°




|1. Use the Flexibility Method (considering flexural deformations only) to draw the bending moment

diagram of the beam shown below if in addition to the applied load, support D rotates 1° clockwise
[Given: EI = 40x10* k-ft%].

10 k
A El C DE | B is an Internal Hinge]
2 @ 0B
— 100 —— 100 —] 20 !

12. Use the Flexibility Method (considering flexural deformations only) to draw the bending moment

diagram of the frame shown below, if in addition to the applied load, support D settles 0,10’
downward [Given: EI = 40x10° k-ft’].

e Bl ¢ QE

10 k

10

l 10’ @ 20 |

| | - il
13. Use the Flexibility Method to calculate the forces in all the members of the truss shown below, if in
addition to the applied load, support A moves 0.10' rightward [Given: EA/L = constant = 1000 kip/ft].

B 3@100° = .wuL

14. Calculate the support reaction Y¢ and forces in members AC, BC and DC of the truss shown below.

Cy 10k ==

- - x

b

Isometric View

10k

A.B Z, 2y

Side Views

2L



List of Useful Formulae for CE 313

* The design wind pressure at a height z is p, = 0.00256 C, C, C5 C, C, Vy', design wind force F, = B hyp,

* The total design base shear is V = (ZIC/R) W

*Fi=0.07TV <0.25V when T > 0.7 second, and = 0, when T < 0.7 second

* F;= (V=F) [, h/Sw, h;]

* Structural Period T = C,(h.)™, where, C,= 0.083 for steel moment resisting frames, 0.073 for RC moment resisting
frames and eccentric braced steel frames, 0.049 for all other structural systems

* Portal Method for multi-storied frames assumes

- The shear force in an interior column is twice the shear force inan exterior column,

- There is a point of inflection at the center of each column, and at the center of each beam.
* Cantilever Method is based on three assumptions

- The axial force in each column of a story is proportional to its horizontal distance from the center of gravity of
all the columns of the story.

- There is a point of inflection at the center of each column, and at the center of each beam,

* Vertical Analysis based on approxiinate location of hinges
My = 0.08 wL?, M_, = 0.045 wL?,
Viy=wLi2,and V., = -wL2
* Vertical Analysis using ACI Coefficients
M,.; (i) For end spans, if discontinuous end is (a) unrestrained = wL¥11, (b) restrained = wL¥/14
(ii) For interior spans = wL?/16
Mg.) (1) At the exterior face of first interior supports for (2) Two spans = wLY/9, (b) More s pans = wL/10
(ii) At the other faces of interior supports = wLY/11
(iii) For spans not exceeding 10°, of where columns are much stiffer than beams = wL/12
(iv) At the interior faces of exterior supports, if the support is (a) a beam = wL?24. (b) a column = wL¥/16
¥ (i) In end members at first interior support = £ 1.15wL/2, (ii) At all other supports = + wL/2

* Deflection of truss due to load, temperature change and misfit, A= E N, dL =T N, (N,L/EA + AT L + AL)
* Deflection of beams/frames due 1o axial, shear and fexural deformation,

A =] (x1X/EA) dS + [(v) V/GA") dS + | (m; my/EI)dS
* Deflection of grids due to flexural and torsional deformation, A= (m, my/EI) dS + [ (t, t/GJ) ds;

Integration of Product of Functions (I = [f; f; dS)

A Al s Ab A alcys
T L T L C
a[_] AaL Bal.)2 AaLn2 (A+B)aL/2 [A+4C+BJaLi6
C
b | abLn BbL/3 AbL/6 [A+2B]bL/6 [2C+BIbL/6
L
sy | AaLn Bal/6 AaLj3 [2A+Blal/6 [A+2CJaL/6
L
[Aa+Bb+
ar%‘l b | AQDIL2 | Ba2bILIG | AGasbILIG | (AQavby B2t | ,LaeiBb:

* dosi for 2D trusses =m + r - 2j, for 3D trusses = m + r - 3j
* dosi for 2D frames = 3m +r - h - 3], for 3D frames = 6m + r - 3h ~#j
* Deflection of beams/frames due to axial, shear and flexural deformation,
A = (xix/EA) dS + 1% v_,-"GA': ds+/ (mimy/EDdS; M=mg+Fym;+Fams+............ etc.
* Compatibility of deflection = A5+ Fy A+ FyAia+ oo Fathq= A ete

* Direction cosines of non-coplanar forces, cos o = FJF, cos § = FJF, cos y = F/F; where F = V[F,? + Ff +F,"]



10.

Use the Unit Load Method (considering flexural and shear deformations) to calculate the vertical
deflection at B of the beam shown below [Given: EI = 40x10° k-ft’, GA* = 120x10" k],

1 K/

,l: I L le D EisanimcmalHinge[
2

A B
2 B
— 10 —— 10 —~

r 20 |

Use the Unit Load Method (considering flexural and axial deformations) to calculate the vertical
deflection at D of the frame loaded as shown below [Given: EI = 40x10° k-fi’, EA = 400x10° k].

1 k!

STTTITe g

%_ 10’ @ 20 |

| —

Use the Unit Load Method to calculate the horizontal deflection at Joint E of the truss loaded as
shown below [Given: EA/L = constant = 1000 kip/ft).

———:3@100 - 30&L

Use the Unit Load Method to calculate the vertical deflection at E of the grid shown in the figure
below [Given: El = 40x10° k-ft’, GJ = 30x10° k-ft2].

A
10, | 100 | ICP/%|

I T il
B D

10; Ifiy < I'V
E

Determine the size of the flexibility matrix of the structures shown below.
Also convert them to statically determinate structures to be used in ‘Case 0° of the Flexibility Method.

-

Internal l—iinges

P

2D Frame
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Answer SIX Questions including Question No. 1. Question No. 1 is COMPULSORY.

1 (a) “In USD, the yield strength of steel is used instead of the ultimate strength of steel” —  (25)
Why?

(b) “The ®-factor for shear is less than the ®-factor for moment” — Why?

(¢) Compare WSD and USD.

(d) Compare singly reinforced and doubly reinforced concrete beams.

(e) “Tensile yielding of steel is preferable to compression failure of concrete”- Why?

(f) Draw the typical compression trajectories and tension trajectories of a simply
supported beam subjected to uniformly distributed loading.

() “Maximum shear force is developed at the face of the support but the design shear
force is calculated at a distance d (effective depth) from the face of the support” —
Why?

(h) “Plain bars have lower bond strength than deformed bar” — Why?

(i) “The bond strength of top bars is lower than that of bottom bars" — Why?

(j) “The temperature and shrinkage reinforcement for slab is placed at the top of the
positive steel and at the bottom of the negative steel” — Why?




2 (a) Draw the schematic layout of the flexural reinforcement for the following beams (5)
subjected to uniformly distributed load:
i

— -

1 :

= -
F \

=

o

| =
\

2 (b) Design the following simply supported rectangular beam by USD. (20)
E ;j i ffrr!
e e AL M A }!
25 ft '

Uniformly distributed live load = 800 /b/fi

Uniformly distributed dead load = 500 Ib/ft

(self weight of the beam to be considered separately)
Width of the beam = 12 inch (architectural requirement)
f, = 60,000 psi, f,= 20,000 psi, ¢ = 4000 psi

3(a) A simply supported rectangular beam of span 20 feet is subjected to a working load of (19)
5.2 k/ft (including self weight, DL, and LL). Design the shear reinforcement for the
beam for three segments. Use WSD. Draw the layout of the stirrups in neat sketches.
£¢=3000 psi, fv = 20,000 psi. Width of the beam = 16 inch and effective depth = 22
inch.

3(b) Draw strain and stress variations across the section of a beam due to pure flexure for (6)
the following conditions:

I Elastic Stress-Strain Behavior, Very low strain level, Tensile stress in concrete
is less than the tensile strength of concrete



[I. Tensile stress in concrete is higher than the tensile strength of concrete, elastic
stress-strain behavior of concrete, stress in steel is less than the yield strength of
steel

IIl. Tensile stress of concrete is higher than the tensile strength of concrete, inelastic

stress-strain behavior of concrete, stress in steel is equal to the yield strength of
steel

4(a) A simply supported beam of span 18 feet is subjected to LL =247 k/ft, DL (including (15)
self weight of the beam) = 1.05 k/ft. Due to the architectural reason, the beam size is
fixed at 10 inch by 20 inch. Design the beam for moment. Use USD. Given: f, =
40,000 psi, ' = 3000 psi.

4(b) Derive the following equation for the spacing of shear reinforcement of a beam: (10)

S
4

ext cr
The symbols carry the usual meanings.

S

5(a) The cross-section of a reinforced concrete beam 1s given below. Determine the (15)
moment that will cause tensile cracking of concrete. Determine the maximum
compressive stress in concrete and stress in steel at this condition. What will happen
to the location of the neutral axis if the bending moment is increased further?

10 in. ﬁl

ql:— ,' Stee‘: 3 - #8 Bal's
f 'c=3500 psi

f,=350 psi

25 in. 22.5 in. £, =40,000 psi

E,=29,000,000 psi

® o ©

5(b) Define balanced steel ratio. Derive the following equation: (10)

0.003 f.'

Py =@
%"— +0.003 /,

&

The symbols carry the usual meamngs.



6(a) The ultimate design shear of a beam at a critical section (point of inflection) is 42 (5)
kips. At this section, 2-#7 bars are provided for the positive moment. Effective depth of
the beam is 24 inch. Check the bond stress around the steel bars for the positive
moment. Use USD. "¢ = 3000 psi.

6(b) A slab as shown in the following figure is simply supported on a 10 inch brick wall (20)
around the perimeter of the slab. Design the slab by USD. Show the details of the

reinforcements.
10 inch brick wall
_1I'
Slab Tt
2
J
158 L

Design parameters: f'¢ = 3500 psi, f,= 20,000 psi, f, = 60,000 psi, LL = 60 psf,
Floor Finish = 15 psf, Partition Wall = 25 psf.

7 The layout of the slab and beams of a floor is given below. The slab was made (25)
monolithically with the beams. Calculate the steel area necessary for the beam located
at the center. Use WSD and USD. Compare the results. Design parameters: f; = 20,000
psi, f, = 60,000 psi, f ¢ = 4000 psi. LL = 2.2 K/ft.

=+ =+
T
L ] e
| Supports
50 | || |
1y | ] | l
A | | ‘ A
I
| | f+/

151n£U !(41 ‘ U_II.-..,*.M
12 inch

27



3 a. What are the possible effects of discharging hot water to a stream?

Ln

b

g

L

(=8

. The BOD:s of a wastewater is determined to be 150 ml/l at 20°C. What would be the
BOD; if the test were run at 15°C. Assume K=0.23/day.

A city discharges 0.1 m/s of sewage into a stream whose minimum rate of flow is 1.2
m’/s. The velocity of stream is 1 m/s. The temperature of the wastewater is 20°C,
while that of the stream is 15°C. The 20°C BOD:s of the wastewater is 200 mg/l, while
that of the stream is 1.0 mg/l. The wastewater contains no dissolved oxygen, but the
stream contains 8gm/l oxygen upstream of the waste discharge. At 20°C K, is
estimated to be 0.3 per day while K, is 0.7 per day. Determine (i) the initial oxygen
deficit (i) the critical oxygen deficit (ii) its time and, (iv) location.

Sketch the qualitative DO sag curve and indicate (i) saturated oxygen level (ii) the
initial oxygen deficit (iii) the critical oxygen deficit, and (iv) critical time.

. Give various methods and means of disinfecting of wastewater.

- Discuss the various important processes that take place in a septic tank.

- Briefly discuss the mechanism involved in the treatment process of a trickling filter
with neat diagram.

. Briefly describe the direct and indirect reuse of wastewater.

- Briefly explain reaeration and photosynthesis processes in a river.

. Write a brief note on, (a) Ion exchange, and (b) Reverse osmosis

+ What are the factors influencing settling velocity of particles in water? Define different
types of settling.

Write a brief note on chemical characteristics of wastewater. Also mention their
sources and environmental significance.

- Assuming that all particles with settling velocity V, > V. will be removed and particles
with V, < V. will be removed in the proportion 5’- What will be the percentage removal

of particles having diameter as follows.

| Diameter (mm) 10.010 [0.015 [0.020 [0.025 [0.030 [ 0.035 | 0.040 |

The sediment tank has an overflow rate of 25 m*m?3d. Take ¥=0.01 cm?/s and density of
sediment particles 2 gm/cc.

12
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Answer any 6 (SIX) questions. Figures in the right margin indicate full marks.

1 a Terrible mismanagement and irregularities in operation and maintenance of the
DHAKA city sewerage system is crealing an environmental hazard for city dwellers.
As an environmental expert write down some recommendation(s) for the improvement
of sewerage system in Dhaka.

b. Define the following terms,
(i) Peak dry weather flow (ii) Peak wet weather flow

¢. Write down some typical domestic sewage characteristics.
d. Draw a schematic diagram of a treatment plant showing its various units.

¢. Briefly discuss the tasks of an engineer in wastewater management.

[

a. Determine the discharge and velocity in a 30 em circular sewer with n= 0.013, slope S =
0.004 and depth of flow equal to 7.5 cm. (Use enclosed hydraulic elements diagram)

b. Calculate the wastewater quantity (m*/day) from a small town of 50,000 inhabitants.
Total area of the town is 3000 ha. The average water consumption is 140 l/day/capita.
A small factory, located in the town. occupied an area of 1500 ha producing 0.30 I/s/ha
waslewater. A hotel along with other commercial area occupied 200 ha producing 1.0

I/s’ha wastewater. Assume, peak dry weather factor= 1.7, infiltration factor=0.5 and
ground water constant =0.4 |/s.ha.

¢. A long storm sewer collects water from a catchment area of (.45 kmz, where 35% area
is covered by roof (C=0.9 ), 20 % area covered by paved roads ( C = 0.8 ) and 45% area
covered by open land ( C = 0.13 ). Determine the diameter of the storm sewer. Assume:
Rainfall duration (1) = 15 minutes, 50% flow condition, $=0.001 m/m and n = 0.013,

d. Calculate the wastewater quantity (m/day) of a small town of 60,000 inhabitants. The
average water consumption is 150 Vday/capita. A small factory locates in the town, has
a daily production capacity of 7200 kg. Each kg produced wastewater in average as
much as 1.7 inhabitants. There is also a hotel consists of 200 rooms with an average of
two beds per room and a restaurant with a capacity of 280 persons in the town. Assume,
IE of restaurant seats and beds are 0.2 and 1.5 respectively,

¥

h |



6 a. Draw a schematic diagram showing various components of a septic tank.

b. Design a septic tank to serve a household of ten persons who produce 90 Iped of
wastewater. The tank is to be desludges every six years.

c. If the soil is sandy loam with a long-term infiltration rate of about 30 I/m® day. Design
a soakage pit for a septic discharging 900 litre effluent everyday.(Assume pit dia=1.25 m)

d. Write a short note on safe disposal techniques of sludge.

a. Briefly discuss the various growth phases of bacteria with neat diagram.

b. Give the name of various important microorganism and their role in biological
treatment of wastewater,

c. Differentiate between (i) Aerobic and Anaerobic process
(i1) Nitrification and Denitrification

d. Calculate the effluent BOD of a trickling filter having a depth of 2 m and a recirculated

rate of 125 percent of the flow. The influent BOD is 170 mg/l following primary
treatment. (Use Velz formula with K=0.49)

a. Define waste stabilization ponds. Also mention its various advantages and
disadvantages.

b. Design a waste stabilization pond system to treat wastewater from a low-income
settlement with a population of 4,000 at Mirpur, Dhaka. The average wastewater flow
is about 100 litres per person per day and the BODs is 400 mg/l. The mean temperature
is 23"c. Assume faccal coliform concentration in raw wastewater is 1 x 10° per 100 ml.
Assume, Anaerobic, Facultative and Maturation pond depths are 3 m, 1.5 mand 1.25 m
respectively, Length : Breadth = 3:1, Kr at 23°C= 6.2 per day, 50% removal efficiency
i the facultative pond, 75% surface loading during maturation pond design and
consider only one maturation pond. You can assume any other reasonable data, if
necessary. What would be the faecal coliform concentration in the treated wastewater.

12

20



ANNEXURE

Formulae:
1 Q'__ZDd-'-Z!'f 2 ZD=P'qr+ArQG+A|'q{
3 Q=FCIA [use F=0.278 ] 4 a a
C -———lcl +—2»:.‘2 Hans:
A A
2 76.2 6 FL
| I =310 cm/hr L = Jhigoz  (use F =58.5)
T 1 2 0 8 Li=Lg ™
V=—R3§?
n
9 [ Vi=Lo(1e") 10 Koorectes=Kzo(1.047) 2°
" Lﬂ = L.\Qn.- +L¢qh 12 Dou = DO,QJ + DO&Q&
Qb is q; Qb +Q.r
13
DOss= 14.62 — 0.4042 T + 0.00842 T2 —0.00009 T°
14 15 ):Crit =vt erit
. % '
D = 1 =&yl
| crr K: L‘]E
16 17 DO¢sir= DOgyt = Deris
o = Ln[KZ L= K’)}
K, -k, K, KL,
18 |, _ & p-p U P e
LT » d C {lr]e
20 | V=VitVet1 4 Vg ta=30(1.035"" 121 [a2=ro/¥ A, =10LQ/A,
V=04V, V,4=0.5x10-3Pt, . S T
t=15-0.3log (Pq) | Va=CxPxN K, =260.19)™ 6=V/Q
Vi =10-3 Pqth d..=0.82-0.26A N_ = NJ f{l +K‘€.}(1 i Kﬂ{ }(1 + K,ﬂ_)
6.= NN a+ka1+K0)F 1)K,




ANNEXURE

Table-1: Design values of ;1' and BOD removal rate at various temperatures

Temperature(°c) Volumetric loading rate (g BOD/m’ day) BOD removal (%)
20 300 60
21 300 62
22 300 64
23 300 66
24 300 68
>25 300 70

Table-2: Design values for surface BOD loading rates for facultative ponds at various temperatures

Temperature(°c) Surface loading rate Temperature(°c) Surface loading rate
(kgBOD/ha.day) (kgBOD/Mn.dny)

16 183 21 271

17 199 22 1) B

I8 217 23 i |

19 - 235 24 EE]]

20 253 25 350

Figure-1: Hydraulic elements diagram for circular sewer
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9.

10.

1.

12.

13.

In the truss shown below, ignore the zero-force members and formulate the stiffness matrix, load
vector and write down the boundary conditions [Given: EA/L = constant = 1000 Kip/ft].

— 3@100° = 300 ——————

For the truss described in Question 9, the force in member CF is 10 k (tension). Calculate the applied
load P,, forces in the other members of the truss and the horizontal and vertical deflections of joint C.

In the three-dimensional truss OABC shown below (with nodal coordinates), ignore the zero-force

members and formulate the stifiness matrix, load vector and write down the boundary conditions
[Given: EA/L = constant = 1000 kip/ft].

W

- _x

Use the Stiffness Method to calculate the rotations at joint D of the grid shown in the figure below
[Given: El = 40x10° k-f%, GJ = 30x10” k-ft’],

10k

15 P-Lﬁ 1 k!
B E@C irmenaadl
‘ 2 20" i
i A :
F

Briefly explain why

(i) results from the Moment Distribution Method are approximate,

(i1) results using assumed shape functions are usually not exact,

(i1i) three-dimensional frame analysis requires sectional and material properties like 1, I,, I, and G,
(iv) structural deflections are magnified due to geometric nonlineari ty caused by compressive forces,

@
) Syt

. Determine the size of the stiffiiess matrix (considering boundary conditions also) of the frames shown

below. Also determine the size of the stiffness matrix if axial deformations are neglected.

1 ()

2D Frame 2D Frame 3D Frame
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[Answer any 10 (ten) of the following 14 questions]

I Use the Stiffness Method neglecting axial deformations to calculate the deflection at Joint A and

rotation at joint C of the beam shown below, if in addition to the applied load, support B settles 0.10'
downward [Given: P =0, Elg = 40x ] 0} k-ft’, Elaep = Elog/2).

g |
|

20
[A and B are guided rofier supports |

2. Use the Moment Distribution method to draw the bending
described in Question | (Extend the structure using symmerry).

=

moment diagram of the beam ABCD

ol

For the beam ABCD described in Question | (excluding the applied load and support settlement),

(1) draw the qualitative influence lines of Rg, Re, M, Mag(eny and Mastrigns)-
(i) show the placement of a uniformly distributed dead load of 2 k/ft

distributed live load of 0.5 k/ft in order to obtain the maximum positive values of R, Re, My, and
maximum negative values of Mpyjeny and Matrighy-

-

Calculate the value of the force P to cause buckling of the beam ABCD shown in Question 1.

L=

Use the Stiffness Method to calculate the horizonta) deflections at joint B and C of the axially loaded
beam ABCD shown in Question 1 [Given: P = 100 kips, EA,p = 400%10° k, EAgep = EA.p/2].

&

For the axially loaded beam ABCD shown in Question 1,

(i) show that ¢(x) = x/40 [xa = 0and xo= 407 is a valid shape function,

(ii) use this shape function to calculate the horizontal deflection at joint C of the bar
[Given: P =100 kips, EAxs = 400x10’ k, EAgco = EA8/2].

=

Use the Stiffness Method (with flexural deformations only) to calculate the rotations at joint B and
Joint C of the frame loaded as shown below [Given: EJ = constant = 40x 10" k-fi*],

Lk
v & T F T 17 iorog
T A @ € %D

10’ | D is a guided roller support |

1 :

Question 7.
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List of Useful Formulae for CE 411

* For member with fixed far end, Rotational stiffness = 4El/L, Carry over factor = 0.5
* For member with hinged/roller/discontinuous far end, Rotational stiffness = IEVL, Carry over factor = 0

* The moment distribution factors of members OA, OB......... are [Koa'Kaol. [Kos/Kals.-........ respectively.
PL/8 P -PL/8 wL/12 w -wL12
| ! L2 | I L l
P2 PR wL/2 wL/2
JEI8/L 2EI6/L 6EIA/L? 6EIA/LY
_.---'B "-.--......._...... ........... L i -
R —_— A
6E16/L. —6EI0/L? 12E1A/L° ~12E10/L.°

* The stiffness matrix K,,° of a 2D truss member in the global axis system is given by
¢t €8 -¢ -¢s
K,S =s, CS § S -§8°| and Truss member force, Pas = 5 [(ug—u,n) C+ (vg—v,) §]
-¢* s ¢ ¢S
s -§8* ¢cs & [where C = cos 8, S = sin 0]

* Torsional stiffness = GJ/L

* For axially loaded member, k* u, = f*: where k* = [ EA [¢'(x))* dx, * =] p(x) d(x) dx
* For transversely loaded member, k* u = f*;  where k* = | EI [y"(x)]* dx, f*=] q(x) w(x) dx

* Assumed shape y(x) = Geometric Stiffness, g*=[p [w(x) dx; and Krom® = k* + g*
* Ignoring axial deformations, the matrices K,," and G,,“ of a frame member in the local axis system are

S 5 -8 5 36 3L -36 3L

2 2

K L _ Sr; 83 -Sz S.| B aL. 4L -3L -L
® TLE <8 8, =S, Go™ =(PBOLY 3¢ 31 36 —31.
S; S-S S 3L -L* 3L 41°

where S, = 12EI/L’, S, = 6EI/L%, S, = 4EI/L, S, = 2EI/L, using Kaij = JET wi” " dx, Gy = Pl ' dx
wi(x) = 1-3(0/LY* +2(0/LY’, ya(x) = L{x/L-2(x/L)’ HOULY}, wial(x) = 3(0/L) —2(0/LY, ya(x) = L{~(x/L)? +{(x/L)"}
* Kot = K + G, buckling occurs when | K.....J =0

* The stiffness matrix of a 3D truss member in the global axes system [using C, = cos «, Cy=cos B, C,=cosv] is

e G GG €°F -co -Co
Gt & L o6 -6 o0,
K."=8| GC, 66 ©F -cC -Ce, -c2
P 86 06 G G5 GG
G0 €% -eL e € oo
-G g, =62 ce: B8 ¢
* Member force Pip= S, {fl.la"'u,q} C. + I:VB—'U',\,} C)‘ + (WB"'W.&] Cz]



Q4 (a): A simply supported beam of span 22' long having an I section as shown in Fig4 (a) is
subjected to transverse load acting through the shear center. Determine the critical intensity of load w
in Ib/ft for lateral torsional buckling of the beam.

Given: Effective length co-efficient=1, Poisson’s ratio=0.25, Cy=1.13, E=30,000 ks1

Critical moment for lateral torsional buckling 1s given by

2 4

! —. 2 n- f IT f
mi=ci | X7 E10I * e Bl EC, |
here, C=l,d’74 and J=3 (br*/3)
¥
r : | s w k/ft
L o s i |
_ > | o f'. 50" @ &%
. ' 2 '
1 i
o .
| S | Fig. 4(a)

Q4 (b): The section shown in Fig.4 (b) is selected to be used as beam. Find the value of Plastic
moment, (M,) and shape factor of this section about major axis. Use Fy= 36 ksi

I '| = e lu

3&"

Fig. 4(b)

Q5: Design by AISC/ASD method, an A36 steel double angle (unequal leg with long leg back to
back) tension member shown in Fig.5. The member is 22' long and will carry 80 kips dead load and
130 kips live load. Connection to a gusset plate is provided by fillet welds deposited with E70XX
electrodes at the three edges (one transverse and two longitudinal)

[Use Appendices for required table].

Allowable stress on gross area= ().6F), and on effective net area =0.5F,

Allowable shear stress on fillet welds= 0.3xnominal tensile strength of weld metal

Allowable shear stress on steel=0.4F,

Allowable load on block shear= 0.3F A, + 0.5F A

Assume reduction factor U=0.835, thickness of gusset plate=3/8" [perform check for gusset plate thickness|

Width of gusset plate at section a-ais 11 in, Chisset st

a

UAP/CE417/FINAL/SPO7 [0

[14]

(6]

[20]



Q6 {a): Using column load table, select the lightest W14 shape of A36 steel to support a dead load of
200 kips and a live load of 300 kips. The column is 32 ft long. Assume that it is pin-supported at the
top and bottom in both direction and that an additional support is provided at mid-length to prevent
buckling about the y axis so that K,L,= 32 ft and K,L,= 16 ft

[relevant column load table is provided with the question paper]

Q6 (b): The following loads have been estimated for a column design: dead load of 80 kips,
floor live load of 60 kips, roof live load of 10 kips, and wind load of 55 kips. What is the
factored load for designing the member?

Q7: Select the lightest W section to carry a uniformly distributed live load 2.0 k/ft and dead load
(excluding the wt of the beam) of 0.50 k/ft on a 36 ft span simply supported beam as in Fig.7. Lateral
supports are provided at 10 ft from each support. Use steel with F,;=65 ksi and AISC/ASD method of
design. Live load deflection is to be limited to 1/300 of the span. Check the selected section against
local buckling

[Relevant section properties and formulas are provided with the question paper].

ra Fa
R OB
|
llﬁ

Lateral
support

——

1 i
10 16’ iy

Fig.7
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There are seven questions in this paper. Answer any five.

QI (a): Determine the effective lengths for column CF, Fl, IK, BE of the frame shown in Fig. 1. The
moments of inertia for the columns and beams are shown in the figure
[Use nomograph provided with the question paper].

] 291in.* K o
10" 10in?
15’
H 291in? [ =
n - oll 4
110 in. 110 in. 15/
G
D 800in" _E 800 in.* E_800.in* N
sy
18’
110 in* 110in* Hoin®
Aé\ B & o
o~
X ke &
l | | |
| 25’ | 25! | 15 |
Fig.1

Q1 (b): Define: (1) Lateral torsional buckling (i) Compact section (iii) Effective net area

Q2 (a): For a rcctangular cross section of a steel member shown in Fig.2 (a), strain and stress
diagrams at yield are given. Yield moment capacity for the section is given by M,=F,S, where, section
modulus, S=bd"/6. If the section is strained 2 times and 5 times its yield strain &, what will be its
bending moment in terms of M, ?

/.

UAP/CE4 lT!FlNAUSPﬂT! ol

(14]

(6]

(4]

b



Appendix-1

1803
%4~
303
k=

104

0.8~
0.7+
ns
0.5+

0.4~
.n,_}.a

24

0

L =

e 1.0

k09

- 08

- h7

- 28

=

0%

!mn
e
=30
:M."
':.D

- 1.0
08
L7
0t
b 0.9
-0

-G.3

SIDESWAY INHIBITED

Ga ¥ F)
100.0 ":.'gﬂ 100.0
£3.0 - 500
00 4 n »o
20.0 4 40 200
190 .. 10.0

33 - i
7.0+ 79
80 80
30+ 0
40 4 20 40
304 30
20 20
i 18
10 1.0
0 10 o

SIDESWAY UNINHIBITED

Nomaograph for effective length of columns in continuous frames.

Correction factors for beam stiffness

Condition Side No side
sway sway
Far t:an of beam ” 15
hinged
Far end of beam
fixed 2/3 2

Fillet Weld sizes

Size of fillet Maximum thickness of
Weld, in. part, in.

I/8 To 1/4

316 Over 1/4t0 1/2

1/4 Over 1/2 10 3/4
5/16 Over 3/4
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Appendix-2
Formulas (the symbols carry their usual meaning)

-
76b,
¥
L= < 20000
d
F!, E
\
(
0
Fy= 0,6F, if L <L<L, = d3 000C,
=
Ay b4
102000C,,
Iy
FY
12000C, \
d
o 510000C
Fi= L A But not greater than 0.6F,; if L = ..___E_:_"'
ﬁ L i U ¥
g )
[C-
3 1530x10°C, " *
\
f
170000C,
L.z _ L _ [s10000C,
{'"} But not greater than 0.6F,;, if —> [————
Fh= { r,_ rT F‘.-
12000C,,
d
L —
\ AI’

Cy=1.75 +1.05(M/M3) +0.3(MyM2)* Where, M, is the smaller of the two end moments Myand M; ,
M/M; is positive for reverse-curvature bending.

1 KL/t
Rl | L
F, = : if — <C
v 8 3 KLJr, 1 KLir, e
e )
3R Y8V E
127
Flz_%g_ if g-}-‘c,
23(—)° d
r
2
Where,C_ = G

¥
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Course# CE 433
Full Marks: 100

The University of Asia Pacific
Department of Civil Engineering
Final Examination Spring 2007

Course Title: Environmental Engineering-IV
Time: 2 Hours

QL

Q2.

03,

Q4.

Q5.

(a)
(b)

(b)

(a)

(b)

(a)
(b)

(c)
(d)

(a)

(b)
(c)

(d)

(a)
(b)

(c)

There are Seven questions, Answer any Five

Describe the mobilization of arsenic in ground water of Bangladesh.

Schematically show removal mechanism of arsenic from water by

(i) Oxidation and

(11) Coagulation-adsorption-coprecipitation.

What are the principal carcinogenic and non-carcinogenic health effects that may
result from exposure to arsenic?

A lake with surface area equal to 15x10° m® is fed by a stream having an average
flow of 13 m’/s and an average total phosphorus concentration of 0.015 mg/L. In
addition, treated effluent from a wastewater treatment plant adds 0.24 m'/s of flow
having 8.0 mg/L total phosphorus. The phosphorus settling rate is estimated as 9.5
m/yr.

(i) Estimate the average total phosphorus concentration,

(11) What rate of phosphorus removal at the treatment plant would be required to
keep the concentration of phosphorus in the lake at the acceptable level of
0.01mg/L?

Define eutrophication. What do you understand by Oligotrophic and Eutrophic
lake?

Give an example of bioaccumulation and biomagnification.

Write short note on thermal pollution of water.

Explain natural die-off of organisms in natural water bodies.

What are the major sources of nutrients in water bodies? Describe the effects of
nutrient enrichment in water bodies.

Describe the mechanism of particulate collection in the respiratory system of
human being.

What is aerodynamic diameter? Why particle size of 2-51m is very important?
Mention BECR-1997 Air Quality Standards (for commercial and mixed area) and
compare this with U.S.A. Standards.

Describe health effect of CO.

How air pollution can be removed using fabric filter technique?

What are the control devices for particulate and gascous pollutants in atmosphere?
Define adsorption and absorption.

Describe the operating principles of cyclone collector and gravitational settling
chamber.

(9)
(6)

(5)

(13)

(7)

(6)
(4)
(4)
(6)
(3

(5)
(3)

(5)

(3)
(6)

(9)



Q6.

Q7.

(a)

(b)
(c)

(a)
(b)
(c)

(d)

Define lapse rate. What do you understand by “unstable” atmosphere? Draw the
shapes of fumigating, coning, looping and funning plumes and the corresponding
temperature structure. Also comment on the pollution potential of each plume.
Define two types of inversion.

What are the assumptions of point-source Gaussian plume model? Define
maximum mixing depth. How can we calculate maximum mixing depth?

What do you understand by Thermal NO, and Fuel NO,?

What are the anthropogenic sources of NO, in the atmosphere?

According to USEPA, air-quality standard for CO is 9.0ppm (at 1 atm, 25°C),
Express the standard in Hg/ m?,

Describe the formation mechanism of SOy in the atmosphere. Describe the effects
of SO, on materials,

(9)

(3)
(8)

(4)
(4)
(4)

(8)



The University of Asia Pacific
Department of Civil Engineering
Final Examination Spring 2007
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There are Seven (7) questions. Answer any Five (5).

Ql.  a) Write down the importance of conducting EIA in Bangladesh context. (6)
b) Describe the characteristics of impacts in various dimensions. (9)
Q2. a) Define Environment and Ecosystem. How is environmental balance maintained and
what are the causes of disruption of environmental balance? (3+4+4)
b) Define Scoping. (4)
Q3.  a) What is the legal framework of conducting EIA in Bangladesh? (6)
b) Describe the causes and effects of Ozone Layer Depletion. (9)

Q4. a) What is Environmental Monitoring? Why is it necessary in EIA process? Explain.
(6)

b) A 5 Km urban road is proposed to build connecting Tongi diversion road and Rampura

area to case traffic congestion. For this a portion of existing wetland will be filled up and a number

of settlements will be evicted. Identify the possible impacts due to this project. (9)
Q5. a) Why is people’s participation desirable in EIA? State the objectives of people’s
participation, (6)

b) What are the major water quality problems? Describe the sources and adverse impacts
due to organic pollution in water. (9)
Q6. a) What is a baseline study? Describe the role of baseline studies in EIA. (6)

b) The construction of a bridge is undertaken in rural areas to facilitate communication and

commerce. Identify the potential ecological impacts for this project and recommend some
mitigation measures to overcome negative impacts. (9)

Q7.  a) Describe different levels of Environmental Auditing. (7)
b) Name the common EIA methodologies. How can you evaluate impacts in
Environmental Evaluation System (EES)? Explain. (8)

49



6.

(b)
(c)

7 (a)
(b)

(c)
(d)

(b)
(c)

(a) What are the most important properties of aggregate for highway construction? List the

laboratory tests, in different groups, of bituminous materials used in road construction.
What are the advantages of flexible pavement?

For the following data, design and draw the distributed reinforcement and tie bars for a rigid
pavement:

Thickness of the rigid pavement= 8 inch
Lane width= 12 ft, two lane
Spacing of the transverse joint=45 ft
Allowable stress of steel =20000 psi
Compressive strength of concrete= 3650 psi, = 1.5

Explain “Pavement Serviceability Concept.”

What are the salient features of the design of flexible pavement by the Asphalt Institute
method?
Write down the purpose, materials and construction methods of prime coat and seal coat.

What are the difference between bituminous road mix and plant mix surface?

What do you mean by * pumping of joints”? How does pumping occur in rigid pavement?
How can we prevent pumping action?
What is cutback asphalt?

Design a minimum thickness of flexible pavement (i.e. thickness of different layers) for the
following traffic condition:

Daily Count Axle load (kips) ESAL Factor
2000 (Single Axle) 8 0.04
2000 (Single Axle) 15 0.10
100(Single Axle) 32 8.8
100 (Tandem Axle) 48 10
Given:

Sub grade soil CBR value is 6
Design life is 10 years

Traffic growth rate is 6% per annum
Reliability is 90%

Overall standard deviation is 0.45
Design serviceability loss is 2.0
Available material:

- Hot mix asphalt surface concrete (a;=0.44)
- Crushed stone base course (a;=0.14, my=0.4 & E;= 30 ksi)
- Crushed stone sub base (2:=0.11, ms=0.9 & E;= 14.5 ksi)

Note: Use attached Fig. 1.

(8)

(6)
(1)

(3)
()
(8)
(4)

(€)

)
(13)



Course#f CE 451
Full Marks: 150

The University of Asia Pacific
Department of Civil Engineering
Final Examination Spring 2007

Course Title: Transportation Engineering—1I: Highway Design & Railways
Time: 3 hrs

There are two sections in the question paper namely “SECTION A" and “"SECTION B". You
have to answer from both sections according to the instruction mentioned in each section.

1. {(a)
(b)

2. (a)
(b)
(c)

(b)

4 (a)

(c)
(d)

(d)
(c)
(d)

SECTION A

There are FOUR questions in this section. Answer any THREE.

Write a short note on “Blanket Layer”.

Elaborately explain different type of distresses in rigid and flexible pavement. Also discuss
the causes of these distresses and relevant remedial measures.

What is gauge? Why is it desirable to use uniform gauges in a country?

What are the requirements of ideal sleepers? What are the functions of ballast?
Why is it necessary to provide the followings:

(i) Bearing plates (ii) Level crossing

What is meant by wear of rails? What are the different types of wear of rail? Mention
precautions to be taken to reduce wear of rails.

Calculate the maximum permissible train load that can be pulled by a locomotive with 4 pairs
of driving wheels having an axle load of 22 tons each on a straight level B.G. track at a speed
of 70 kmph. Also calculate the reduction in spcnd if the train has to run on a rising grn:hcm of
1 in 250.What would be the further reduction in speed if the train has to negotiate a 4” curve
on the rising gradient? Assume coefficient of friction as 0.2.

Write a short note on transition curve.

What is coning of rails? What are the disadvantages of coning of wheels?

Explain expansion stress and warping stress development in rigid concrete pavement.
Discuss the classification of fixed signals.

State the function of

() Railway station

(1) Elastic spikes

(iii) Point and crossing

SECTION B

There are FOUR questions in this section. Answer any THREE.

How do you adjust the mix if stability, flow or voids in the mixture does not match in the
Marshal Method of mix design?

What are the objectives of mux design? Name the three main steps for mix design.

Describe the fundamental properties of bituminous mixture.
Discuss the outcomes of AASHO Road Test.

(5)
(20)

(2+3)
(6+6)
(6)

(3+4+4)

(10)

(4)

(6.5)

(5)
(7.5)

(6)

(8)

(5+3)
(6)
(3
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(b)What is ‘piping’ in a hydraulic structure? What are the ill effects of piping and
how to avoid these effects? (6)

(¢) Design and sketch the shape of an Ogee type spillway for the following data
using the empirical equation developed by US Army Corps Engineers:

Upstream Head, H=20m

Shape of the upstream face=1:1.5(H: V)

Values of K and n are 1.939 and 1.81 respectively (12)

L

(@) What are the causes of failure of a hydraulic structure? Name the different
components of the barrage. (8)

(b) Using Khosla’s curves, determine the following for the apron shown below:
(1) Uplisft pressure at points C, E1 and D1 with necessary corrections
(1i) Exit gradient
Assume floor thickness = | m. (20)

l_ Impervious Floor

O

f6m e 25m

6. (a) What are the different types of pumps that can be used in irrigation purpose?
~(6)
(b) A centrifugal pump is required to lift water at the rate of 100 lit/sec. Calculate

the horse power of the engine from the following data when the water is directly
supplied to the field channel.

i) Suction heed =5 m

i1) Coefficient of friction = 0.01

iii) Efficiency of pump = 65%

iv) Diameter of pipe = 15 ¢cm ) (12)

(¢) Briefly discuss different structural and non-structural measures for flood
management. (10)



The University of Asia Pacific
Department of Civil Engineering
Final Examination Spring 2007

Course No.: CEE 461 Course Title: Irrigation and Flood Control
Full Marks: 150 Time: 3 hours

14

L d

Answer question no. 1 and any other FOUR

(a) Write short notes on (any Seven): (28)
1) Weir and Barrage
i) Head regulator and cross regulator
1) Optimum Utilization of Irrigation water
iv) Aqueduct and Super passage
v) Alluvial and Non alluvial channel
vi) Importance of a Berm. \
vi) Launching apron
vii) Soil-moisture-Irrigation relationship
viii) Level crossing and inlet and outlet

(b) Compute the depth and frequency of irrigation required for a certain crop with
data given below:

Root zone depth = 100cm; Field capacity = 22%; Wilting point = 12%; Specific

gravity of soil = 1.5; Consumptive use = 25 mm/day; Efficiency of irrigation =
30%: Assume 50% depletion on available moisture before application of
irrigation water at field capacity. (10)

(a) Derive the relationship between duty and delta for a given base period.

Explain the influence of several factors, which affect duty. How can the duty be
improved? (18)

(b) A reservoir with a storage capacity of 300 million cubic meters is able to
irrigate 40,000 hectares with 2 fillings each year. The crop season is 120 days.
What is the duty? (10)

(a) Explain in details, as to how will you proceed for determining the approximate
value of design discharge of an irrigation canal. (10)

(b) The cultivable commanded area of a watercourse is 1200 hectares. Intensities
ol sugarcane and wheat crops are 20% and 40% respectively. The duties for the
crops at the head of the watercourse are 730 hectares/cumec and 1800

hectares/cumec respectively. Find the discharge required at the head of the
walercourse. (18)

(a) Explain the necessity of lining of canals. How will you justify economically
the necessity of lining an existing canal? (10)

“# -



¢

(a) What are the benefits of flood control?
(b) What are the different types of river bank protection?
(¢) Distinguish between Spur and Groyne.

(d) Why canal fall is necessary? Name five different types of falls.

(6)
(12)
(5)
(5)
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The University of Asia Pacific
Department of Civil Engineering
Final Examination, Spring 2007
Course No : CE 531 Credit Hour : 2.0
Time : 2 hours Total Marks : 100

Answer all questions. Each question carry equal marks.

1 .

a. Suppose you have a map of your sales center (sales.shp) and you want to give a
promotional prize to a sale center whose total daily sales volume is Tk. 61,842.00.
Find out the name of the sales center. (Add sales.shp to your view)

Ans.

Name of the sale centeris : ......ooooveveiroeieeeeein,

b. Dhaka old Airport is situated in Tejgoan area (airport.shp). There are other 19 areas
adjacent to the airport (Area 001, 002, etc.). As per the Aviation rule bu ilding cannot
be constructed more than 20 ft within a circular area of radius 740000 miles taking
center of the circle is X=539814 and Y=627818. (Add airport.shp to your view)

Find out the name of the thana(s) where you can construct building with height more
than 20 ft.

Ans.
Thana Name: 1.......occvvevvviiercnnnn@e corevenneessensessBeneeerinnessenssssonidbee

C. Suppose airport.shp map represents the area under Dhaka City. There are two major
drainage lines will be constructed to ease the drainage congestion. The proposed
lay out is given in drainage.shp. (Add drainage.shp to your view)

Find out the name of the thana(s), which are not under drainage coverage as per
the plan.

710 T . AT . [



2.

a. Suppose you have a map of your sales center (sales.shp) in USA and you have also

a USA states map (states.shp). (Add states.shp to your view)

Find out the

(a) How many sales centers are in “Washington" states.

(b) What is the total population under these sales center.

(c) If “population” is the most important criteria for selecting most potential sales

center, then find out the name of the sales center.

(d) If “population” is the most important criteria for revenue collection, find out the
name of the State that generates maximum revenue.

b. Suppose you want to construct a road between Dhaka and Chittangong (roads.shp).
How many Districts and Upozillas are going to be affected due to the construction of
the road. (add thana.shp to your view)

(i) No of Districts S V——
(if) Name of the Districts

c. In USA Four states namely California, North Carolina, Texas and South California
are vulnerable to cyclone (states.shp). The number of population in these states are
given in sales.shp (pop1990). If a severe cyclone in imminent then find out the total
number of population to evacuated from these four states. How many are males and
how many are females?

Ans Total.......... Male:: o Female...............

3.

a. There are Twelve States in Canada (canada.shp). The University of Asia Pacific
wants to open twelve information centres in Canada (one centre at each state).



i. Create a point theme map that indicates the information centres and save the
theme as information.shp.

il. Add the following attributes to the newly created point theme.

Centre_ID States Name Addresses Sate population
12001 Quebec XXX 152350
12002 N. Territories YYY 254620
12003 Nova Scotia 2727 356210
12004 Saskatchewan AAA 236589
12005 Alberta BBB 256870
12006 N. and Labrador CCC 569810
12007 British Columbia DDD 125894
12008 New Brunswick EEE 159846
12009 P. E. Island FFF 158920
120010 Y. Territories GGG 156820
120011 Manitoba HHH 158930
120012 Ontanio MMM 148950

b. Suppose the shape of the Dhanmondi Lake is as follows, the three lines indicates

three foot over bridges. Create the two themes and save as lake.shp and bridge.shp

( W
( )

c. Dhaka is expanding every year (add dhaka.shp to your view) The area shown

was five yeas earlier. RAJUK wants to acquire new lands to develop a model town.
Create a new map with the help of existing map. The figures are shown below,

Proposed Land
Area




Save the file as "newdhaka.shp”
d. Save the dhaka.shp as division.shp and Create Dhaka Division map with the help

of “division.shp" map. Save the map as “division.shp”.
e. Save the division.shp as east-west.shp and spilt the map into two parts, Eastern
and Western, and save the map as “east-west.shp”.

4.
There are 51 stares in USA. Before 9-11 FBI classify various states under three
categories, Red — High Alert, Orange — Moderate Alert, Yellow — Low Alert and
Green — Safe.

a. Create a map based on this four security codes and save the map as security.shp.

b. Prepare a layout showing the terror list map and save as a bitmap file.

c. How many states are under
(i) Red terror code
(ii) Yellow terror code
(iii) Orange terror code
(iv) Green terror code

d. How many people are under
(i) Red terror code
(i) Yellow terror code
(i) Orange terrorcode e

(iv) Green terror code




The University of Asia Pacific
Department of Civil Engineering
Final Examination Spring 2007

Course # CHEM 111 Course Title: Chemistry
Full Marks: 50

Time: 3 hours

1. (a)
(b)
(c)
(d)

(b)

(c)

(b)

()

[Answer any FOUR questions. All questions carry equal marks])

What is an atom according to Dalton’s theory?

Discuss the Rutherford solar system atom model.

What are the limitations of Rutherford’s atomic theory?
What are the postulates of Bohr’s atomic theory?

Mention the success and failure of Bohr’s theory.

What is dynamic equilibrium?

Give some examples of chemical and physical equilibria.

The formation of ammonia by Haber Bosch process follows the following equilibrium reaction:
Nz (g) +3H, (g) < 2NH; + 92 kJ mol-1

What will be the effect of increase in pressure and decrese in temperature on this equilibrium?
What is Kp?

Find an expression for Kp of this equilibrium.
What will be its K.?

What are enthalpy and enthalpy change?
Explain exothermic and endothermic reactions with suitable examples.
What is standard enthalpy of formation?

Define standard enthalpy of neutralization.
What is combustion?

Calculate the standard enthalpy of formation of benzene from the following data:

Substance Formula AHc / kJ mol”
Benzene CeHqg (1) -3278

Carbon C (graphite) -394
Hydrogen Hi(g) -286
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(b)

(c)

(d)

(a)

(b)

(c)

(d)

(a)

(b)

(c)
(d)
()

What are rate and rate constant of a chemical reaction? Mention their units,
What is rate law?

Find an integrated rate equation for a simple second order reaction.
Define the order of a reaction.

Give an example of a zero-order reaction.

What is meant by the half-life of a chemical reaction?

Show that the half-life of a first order chemical reaction is independent of its initial
concentration,

What are solution and colloids?

How would you distinguish between them?
What is corrosion?

Discuss different types of corrosion.

Show that the rusting on steel is a redox process.
What are pollutants?

How do they play a detrimental effect on our environment?

What are macromolecules?

What is a repeating unit?

Give some examples of natural and synthetic polymers.
What are polystyrene and polythene?

Mention their repeating units.

What are the uses of PVC and TEFLON?

What are paints and varnishes?

What are the different ingredients of paints?

Give onc largescale use of paints.
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Course # IMG 301 Course Title: Principles of Management

Full Marks- 100 Time: 2 hours

Answer any 5(five) of the following questions. All questions are of equal value.

Define 'Management'. Discuss the managerial functions. "All managers carryout

managerial functions, but the time spent for each function may differ"-explain.

. Discuss the internal and external environment in which managers operate. What are the

major social responsibilities of business managers? Discuss.

. How can you distinguish between strategies and policies? Discuss the TOWS matrix for

strategy formulation,

Define staffing. Discuss Human Resource Management (HRM) functions and show HRM

Components,

Define leadership. Discuss the ingredients of leadership. Show managerial grid to describe

managerial styles.

. What do you mean by 'Time Management'? Point out the Time Management guidelines.

Describe the process of 'Time Management'.
. 'Write short note on any four of the following:

(a) MBO Process (b) Decision Making (c) Managerial Roles approach (d) Ethics in
Business (e) Motivation (f) MIS.



