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ANSWER ANY FIVE OUT OF THE SIX QUESTIONS 

QUESTION 1 (5+5] 

a. A new snack company wants to sell its products across the country but is unsure about their·· 
target market-whether to market to everyone, focus on several customer groups, target one
specific segment, or personalize offers for individual customers.

Which approach would you recommend for a startup with a limited budget- Mass Marketing,
One-to-One Marketing or Niche Marketing and why? 

b. Discuss the steps in the consumer decision-making process.

QUESTION 2 [5+5] 

a. Briefly discuss Vroom's Theory of Expectancy in your words.

b. A company has recently increased employee salaries but continues to experience low
motivation and high turnover. Using Maslow's Hierarchy of Needs Theory, analyze why
employees may still be dissatisfied and suggest appropriate managerial actions.

QUESTION 3 [5+5] 

a. Nadia noticed that many businesses were successfully using online ordering systems, but she
waited for several years before finally adopting the same system in her restaurant. On the ·
other hand, Rafiq quickly copied a popular food delivery app idea from another city and
launched a similar service in his own area.
Based on their actions, what type of entrepreneur is Nadia, and what type of entrepreneur is.·
Rafiq? Justify your answer.

b. Explain the downside of 'traditional goal setting' with relevant examples.



QUESTION 4 [5+51 

a. PRAN Company has a variety of food products in its portfolio. Its energy drink is becoming
very popular and growing fast in a competitive market. Its juice brand already has a strong
position and steady sales in a slow-growing market. However, its new snack product has low
sales but is operating in a rapidly growing market, while its old processed food item has low
sales and is also in a slow market.

Using the BCG matrix, identify the category of each product, and indicate which products
should receive additional funding and resources.

b. Suggest how the employees of PRAN can have a proper Work-Family Life Balance.

QUESTION 5 (5+5) 

a; Discuss about the elements of Organizational Structure. 

b. Differentiate between Interpersonal Communication and Organizational Communication with
relevant examples.

QUESTION 6 [2.5*4] 

Shortly discuss any four of the following concepts: 

a. Grapevine
b. Cognitive dissonance
c. Social Loafing
d. Differentiation Strategy
e. Operational Planning
f. Business-to-Business (B2B)
g. Market Segmentation
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Part A [ Answer all the questions] 

QUESTION 1 [12 MARKS) 

Course Code: CE 311 
Full Marks: 100 

[12] 

Using approximate method determine the force in each truss member of the portal frame shown in Figure 
1. Also, find the reactions at the column supports A andB. Assume all members of the truss and the columns
to be pin-connected at their ends. P = 20 kN for odd rolls Or P = 15 kN for even rolls.
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Figure 1 
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By using the portal method of analysis, draw the shear force and bending moment diagram of the frame 

shown in Figure 2. P = 20 kip for odd rolls Or P = 15 kip for even rolls. 

QUESTION 3 [12 MARKS) [12] 

By using the cantilever method of analysis, draw the bending moment diagram of the frame shown in 
Figure 3. 

P = IO kip for odd rolls Or 

P = 8 kip for even rolls. 

Figure 3 
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PartB 
[Answer all the questions] 

QUESTION 4 [10 MARKS] 

For the truss shown in Figure 5. 
a) Calculate the maximum reaction at support "h" and

[IO] 

b) Calculate maximum force in member aj, when a concentrated live load P kip moves over the stringers.
P = 20 kip for odd rolls Or P = 15 kip for even rolls.

[Note: Stringers are simply supported on floor-beams at bottom-cord joints].
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QUESTION 5 (10 MARKS] [l 0) 
Calculate the maximum tensile force in member cl of the truss shown in Figure 5, when the wheel loads 
shown in Figure 7 move from right to left over the bridge. The Influence line of axial force in member cl
shown in Figure 6. 

QUESTION 6 (8 MARKS] [8] 

Calculate the greatest maximum moment within the span "hp " shown in Figure 8, when the wheel loads 
shown in Figure 7 move from right to left over the bridge. 

h p 

160' 

Figure 8 

QUESTION 7 (8 MARKS) 

Calculate the average soil properties based on SPT-N shown in Figure 9 and determine the seismic site 
class. 

_. _ .5' _ 
J ___ ._Layer I·:-SoJi Soil (N � 2). _. -· -· _. _. _ ·-. _. _. _. _. _. _.

20' 1 Layer 2: Medium Stiff Clay (N = 20) 
-·-·-·-·-· · -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·

30' Layer 3: Stiff Clay (N = 35) 

50' Layer 4: Dense Sand (N = 40) 

Figure 9: Subsurface Profile 

Based on the soil properties of 
upper 100 ft of the site profile. 
Average soil properties will be 
determined as given in the 
following equations: 

[8] 

QUESTION 8 [10 MARKS) [10) 
Use the Equivalent Static Force Method to calculate the seismic load distribution at each storey of a four­
storey residential building (as shown in Figure 10) located in Dhaka. The building carries a dead load 
(DL) of200 lb/ft2 and a live load (LL) of 50 lb/ft2.
(Hint: Seismic Weight, W=DL+0.25 xLL)

Note: For odd roll numbers, Soil Type = SD 
For even roll numbers, Soil Type = SC 
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Figure 10: Plan and Elevation of a four-storey with a basement 

i. Calculate the Base Shear (V).

4F 

3F 

2F 

IF 

ii. Determine the Vertical Distribution of Lateral Forces at each storey of the building along the west-east

(W-E) direction.

QUESTION 9 [10 MARKS) [10] 
Calculate the wind load in the west-east (W-E) direction at each storey of a four-story residential building 
(as shown in Figure 10) located on flat terrain in Dhaka. Assume that the structure is subjected to Exposure 
Category B and Basic wind speed 147 mph for odd rolls or 135 mph for even rolls. 

QUESTION 10 [8 MARKS) [8] 
Determine the gust effect factor Gr for the building along the west-east (W-E) direction (Assume T = 1.2 

sec, Resonant Response Factor, R = 0.5 and Basic wind speed 147 mph for odd rolls or 135 mph for even 

rolls. 

Formula 
MrMaxJ = (IPIL) (L/2 -a/2)2 -Pb, located a/2 from the beam midspan 

Where, a = Distance of the centroid of all loads from 'critical' load (often the load closest to centroid of loads), 
P = Load on the shorter side of the critical section, b = Distance of the centroid of load P from the 'critical' load. 

w 

L 

Where, W = Total wheel loads on Span, 
L = Total span length, 
W, = Total wheel loads on decreasing portion, 
a = Decreasing portion distance. 
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Answer all questions 

QUESTION 5 [20 MARKS] 

Credit: 3.0 
Full Marks: l 00 

[4*5 = 20] 

a) Explain the significance and specifications of temperature and shrinkage steel in slabs.
b) Explain with examples, the equilibrium and compatibility torsions.
c) Explain with illustrations of different types of footings.
d) lllustrate with diagram, how diagonal tension is developed in beam without shear reinforcement.

QUESTION 1 [20 MARKS] [20] 

A simply supported rectangular beam with 18 in. width, having a effective depth of 20 in. carries a total 
factored load of l O kips/ft. on a 18 ft. clear span. It is reinforced with 7 .62 in2 of tensile steel, which continues 
uninterrupted into the supports. Design the web reinforcement for the beam including the length of the part 
of the beam require web reinforcement. Use.f\_. = 4 ksi andj_;, =60 ksi 

QUESTION 2 [20 MARKS] [20] 

Design the beam for the necessary web and torsional reinforcement for the rectangular section with 
dimension h = 23 in., w = 16 in. and 2.5 in cover. The beam is reinforced with five no. 9 tensile bars and 
two no. 4 compressive bars. The section is subjected to a factored shear, V,, = 48 K and an equilibrium 

torsion, Tu = 360 K · in at a section located at a distance d from the face of the support. Use normal-weight 
concrete. Given.f'c = 4 ksi normal-weight concrete and.f.., = 60 ksi. 

QUESTION 3 [20 MARKS] [20] 

A reinforced concrete slab is built integrally with its supports and consists of three equal spans, 
each with a clear span of 15 ft. The service live load is l 00 psf, .f'c = 4000 psi and f;, = 60,000 psi. 
Design the interior slab, following the provisions of ACI code, considering safety and environmental issues. 

QUESTION 4 [20 MARKS] [20] 

Design a square single footing to support an 20 in. square column with eight no. 9 bars. The column carries 
axial dead load of 300 kip and and axial live load of 210 kip. The base of the footing is 4 ft. below the final 
grade. The allowable soil pressure is 5 ksf. Use normal weight concrete, withf'c = 4 ksi andf;, = 60,000 psi. 

1/2 
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There are five sets of questions. Answer all the questions 
(Necessary formulae/tables/charts are attached; Assume reasonable data if necessary) 

QUESTION 1 (24 MARKS) 

(a) A 12-inch pipe (C =140) discharges a flow of 4.5 x 106 liters/day. Calculate the loss of
head per ft and velocity in the pipe. (Required nomograph/chart must be attached with the answer

script) 

(b) Your rapidly growing hometown is facing a severe groundwater crisis as extraction wells
are yielding ve1y little water. To address this, the local authority is planning to switch to
surface water from a nearby river on the periphery of the town. However, during a
stakeholder meeting, the public raised serious concerns regarding the sustainability of
the river as a reliable long-term source and the questionable quality of its water. As a
consulting engineer, you must provide your professional insights, infrastructure design
choices, and management strategies to address these challenges.

(i) List the core components required to constmct a functioning river intake station, and
explain the engineering design criteria that must be considered to ensure its reliability.

(ii) Describe the comprehensive engineering solutions for managing and mitigating
stakeholders' concerns regarding water quality and source sustainability.

QUESTION 2 [24 MARKS) 

(a) A water treatment plant is being designed to process 48,000 m3/d of water. Jar testing
and pilot-plant analysis indicate that an alum dosage of 40 mg/L with flocculation at a
Gt value of 4 X 104 produces optimal results. Detennine:

1. The monthly alum requirement.
11. The flocculation basin dimensions. The flocculator should be a maximum of 12

m wide and 5 m deep.
111. The power requirement.
Assume that the absolute viscosity of the water is 8.91x10-4 Pascals. Second and 

velocity gradient for flocculation, G = 40s- 1 
; G

= (:J o.s 

[8] 

[8] 

[8] 

[1 O] 



(b) A municipal water treatment facility must treat a raw water flow of 1.2 Mgd (Million
gallons per day). To comply with the ECR-23 guideline, the finished water must
maintain a free residual chlorine concentration of 0.2mg/L past the breakpoint. The
facility utilizes commercial bleaching powder containing 30% available chlorine by
weight. A laboratory chlorination test yielded the curve shown below.

Using the curve, briefly explain the predominant chlorine residuals and chemical 
transformations (involving chlorine, chloramines, and chloro-organics) occurring 
during: 

(i)Between points A and B (initial rise).
(ii)Between points B and C (paradoxical decline).
(iii)Beyond point C (steady rise).

Also Determine the required daily mass of commercial bleaching powder in kg/day. 
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QUESTION 3 [18 MARKS] 

(a) A manufacturing plant requires a dedicated deep tubewell to fulfill its daily water
requirements. The consulting engineer has provided the following site data and design
parameters:

• Water Levels: Present Static Water Level= 180 ft; Operational Drawdown = 

20 ft; Submergence Safety Distance =15ft.
• Aquifer Profile: Primary sand layer located between depths of 240ft and 390

ft
• Groundwater Dynamics: Average annual decline rate = 2.5ft/year over a 15

year well design life.
• Screen Specifications: 8 diameter steel strainers; 40 slot size (20% opening

area); Permissible entrance velocity 0.10 ft/sec; Clogging Factor of Safety=
2.0.

• Operation: Pump rnns continuously for 10 hours/day

Design a tube well, i.e., specify the casing length, strainer thickness, and daily safe 
yield in LPD (Liters per Day), and present a neat, fully labeled schematic diagram of 
the proposed tube well. 

(b) Explain your understanding on "Well Development" mentioning the targets to be
achieved by effective well development.

QUESTION 4 (30 MARKS] 

(a) Calculate the flow in each of the pipes in the following looped pipe network. The initial
assumed flows are shown in the figure and satisfy continuity at all junctions.

Use Hazen-Williams head-loss gradient formula: hL=l.39 x 106 Q1 ·85D-4·87

Source 
60 L/s 

Pipe OA: L = 700 m, 
D 300mm 

lnit1.al Qo = 29 L/s, 
A-D 

Demand 
25 L/s 

Pipe AB: L ... 600 m, D .., 300 mm 
Initial Qo =- 31 L/s, A - B 

Pipe CD: L = 400 m, 0 = 200 mm 
Initial Qo = 4 L/s, D -C 

Dema11d 
15 Lis 

Pipe BC: L = SOOm, 0 = 250, 
lr.1t1,3I Q,, "' 16 l/s, 6 - C 

Demand 
20 L/s 

[ 12] 

[6] 

[IO] 



(b) You are working as the project engineer for a municipal water supply project. Treated
water will be pumped from a clear-water source to an overhead service reservoir. The
design requirement is to deliver at least 80 Lis, but excessive oversupply is not desirable
because it may increase energy cost and operational stress.
The following data are available:

• Static head between source water level and reservoir water level = 35 m
• Length of rising main = 700 m

• Diameter of rising main = 250 mm

• Darcy friction factor, f = 0.018
• Total minor loss coefficient, I,K = 2.0
• Acceleration due to gravity, g = 9.81 m/s2 

Note: The pump characteristic curve is provided as an attachment to this question paper and must be 
stapled with the examination script 

Select the most suitable pump for the project and justify your decision considering 
required discharge, operating head, efficiency, and risk of under/over-pumping 

QUESTION 5 [24 MARKS) 

Recent newspaper repo11s and public complaints have raised concerns about bacterial 
contamination, dirty water, foul smell, and possible chemical/heavy metal 
contamination in municipal water supplied by W ASA in different areas of Dhaka. 

Assume that you are a project engineer assigned to prepare a Water Safety Plan 
(WSP) for a vulnerable W ASA supply zone. The simplified supply chain is: 

Source ---+ Treatment/Chlorination ---+ Clear-water Reservoir ---+ Distribution 
Network---+ Household Storage Tank---+ Consumer Tap 

(a) Draw a simplified flow diagram of the above water supply system and mark the
possible contamination points.

(b) Using the WSP approach, identify three major hazards related to:
i. bacterial contamination,
ii. leakage/low pressure in distribution lines, and
iii. chemical/heavy metal contamination.

For each hazard, briefly mention the cause, consequence, control measure, 
monitoring method, and risk level 

( c) Recommend two system improvements and two supporting programs to ensure safe
and sustainable water supply from source to consumer.

[20] 

[5] 

[12] 

[7]
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There are four sets of questions. Answer all the questions 
(Necessaiy fommlae/tables/charts are attached; Assume reasonable data if necessary) 

QUESTION 1 (24 MARKS) 

(a) A 12-inch pipe (C =140) discharges a flow of 4.5 x 106 liters/day. Calculate the loss of 
head per ft and velocity in the pipe. (Required nomograph/chart must be attached with the answer
script) 

(b) Your rapidly growing hometown is facing a severe groundwater crisis as extraction wells 
are yielding very little water. To address this, the local authority is planning to switch to 
surface water from a nearby river on the periphery of the town. However, during a 
stakeholder meeting, the public raised serious concerns regarding the sustainability of 
the river as a reliable long-term source and the questionable quality of its water. As a 
consulting engineer, you must provide your professional insights, infrastructure design 
choices, and management strategies to address these challenges. 

(i) List the core components required to construct a functioning river intake station, and
explain the engineering design criteria that must be considered to ensure its reliability.

(ii) Describe the comprehensive engineering solutions for managing and mitigating
stakeholders' concerns regarding water quality and source sustainability.

QUESTION 2 (24 MARKS] 

ill A water treatment plant is being designed to process 48,000 1113/d of water. Jar testing 
and pilot-plant analysis indicate that an alum dosage of 40 mg/L with flocculation at a 
Gt value of 4 X 104 produces optimal results. Determine: 

1. The monthly alum requirement
11. The flocculation basin dimensions. The flocculator should be a maximum of 12

m wide and 5 m deep
. . .  

The power requirement111. 

Assume that the absolute viscosity of the water is 8.91xl0-4 Pascals.second and

velocity gradient for flocculation, G = 40s-1 
; G 

= (:J o.s

[8] 

[8] 

[8] 

[10]



(b) A municipal water treatment facility must treat a raw water flow of 1.2 Mgd (Million
gallons per day). To comply with the ECR-23 guideline, the finished water must
maintain a free residual chlorine concentration of 0.2mg/L past the breakpoint. The
facility utilizes commercial bleaching powder containing 30% available chlorine by
weight. A laboratory chlorination test yielded the curve shown below.

Using the curve, briefly explain the predominant chlorine residuals and chemical
transformations (involving chlorine, chloramines, and chloro-organics) occmTing
during:

(i)Between points A and B (initial rise).
(ii)Between points B and C (paradoxical decline).
(iii)Beyond point C (steady rise).

Also Determine the required daily mass of commercial bleaching powder in kg/day. 
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QUESTION 3 (28 MARKS) 

(a) A manufacturing plant requires a dedicated deep tubewell to fulfill its daily water [18] 
requirements. The consulting engineer has provided the following site data and design 
parameters: 

• Water Levels: Present Static Water Level = 180 ft; Operational Drawdown = 

20 ft; Submergence Safety Distance =15ft.
• Aquifer Profile: Primary sand layer located between depths of 240ft and 390

ft
• Groundwater Dynamics: Average annual decline rate = 2.5ft/year over a 15

year well design life.
• Screen Specifications: 8 diameter steel strainer; 40 slot size (20% opening

area); Permissible entrance velocity 0.10 ft/sec; Clogging Factor of Safety=
2.0.

• Operation: Pump runs continuously for 10 hours/day

Design a tube well, i.e., specify the casing length, strainer thickness, and daily safe 
yield in LPD (Liters per Day), and present a neat, fully labeled schematic diagram of 
the proposed tube well. 

(b) Explain your understanding on "Well Development" mentioning the targets to be [10] 
achieved by effective well development.

QUESTION 4 (44 MARKS) 

(a) Calculate the flow in each of the pipes in the following looped pipe network. [20] 

A B 
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'5 '5 
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E E 

0 0 

� 
0 
� 
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E E 

0 0 

E 0 0 

F "SI" "SI" 

5 lps � - � 121ps 
800 m - 100 mm dia 



(b) Design the transmission main and the pumping unit from the following data: [15] 
Water supply rate = 40 gpcd 
Estimated population = 85000 
Ground R.L. at pump house = 102.50 ft 
Treatment plant R.L. = 193.00 ft 
Velocity through the pipes = 8 fps 
Pumping time = 10 hours daily 
Total length of pipe = 3500 ft 
Friction factor = 0.01 
Efficiency of pump = 65% 

(c) The Green Valley Housing Project consists of several households planning to install [5+4=9] 
rooftop rainwater harvesting systems. Each house has 6 residents, and the community aims
to meet a demand of 12 L/person/day throughout the dry season using stored rainwater.

The average annual rainfall intensity of the region is 2.2 m/year, and the runoff coefficient 
for the roof material is O. 7 5. 
Hydrological records suggest that 40% of the total annual rainfall must be stored to ensure 
uninterrupted supply throughout the dry period. 

I. Calculate the minimum capacity of the storage tank required for one household
11. Detennine the minimum catchment area required per house.
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[There are Six questions here. Answer all the questions. Related formulae, charts are given in the Appendix. Assume 

reasonable values of any data, if missing. Digits in the right margin inside the first parenthesis indicate marks] 

PART-A (75 MARKS] 

QUESTION 1 [20 MARKS] 
a) Grain size analysis data of a sandy soil sample are shown below.

Sieve No. Sieve Opening (mm) Percent Finer by Weight 

4 4.750 100 

8 2.360 98 

16 1.180 87 

30 0.600 60 

40 0.425 40 

50 0.300 27 

100 0.150 11 

200 0.075 5 

Draw the grain size distribution curve in a semi-log graph paper and estimate the values of Effective 

Diameter and Median Grain Size of the sample. [6] 

b) A cone penetration test was performed on a silty clay sample and the following data were obtained:

Trial No. 1 2 3 4 

Cone Penetration (mm) 16 18 22 24.5 

Water Content(%) 49.5 52 57 60 
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Plot cone penetration (mm) versus water content(%) in a plain graph paper and hence estimate the liquid 
limit of the sample. Also check the result for a single point method using a relevant data. [6] 

c) With neat sketches define dispersed structure and flocculated structure of cohesive soil. [ 4] 

(d) For a soil, the following results were obtained from grain size distribution and Atterberg limit
tests:

Percent finer No. 200 sieve (0.075 mm) = 87

Liquid Limit = 56 

Plastic limit = 24 

Classify the soil based on AASHTO Soil Classification System. 

QUESTION 2 [25 MARKS) 

a) Mention the advantages of triaxial compression test over direct shear test.

[4] 

The following results were obtained in a consolidated drained (CD) direct shear test carried out on a
sandy clay sample:

Specimen No. Normal Load (N) Peak Shear Force (N) 

1 235 160 

2 470 255 

3 940 445 

Diameter and height of each specimen were 63.5 mm and 25.4 mm, respectively. Draw the failure 

envelope in a plain graph paper and detennine the values of effective shear strength parameters ( c 'and 

<!>') from it. Also comment on the stress history of the sample. [10] 

b) Describe briefly the behaviour of saturated clay samples in unconsolidated undrained (UU) triaxial
compression test. [4]

c) Two identical specimens of a saturated nonnally consolidated soft clay sample were fully consolidated

in the triaxial cell under a cell pressure of 300 kN/m2. Pore pressure within each specimen at the end of

consolidation was zero. One specimen was then sheared undrained condition and the other under drained
condition until failure took place. The values of deviator stress at failure in the undrained and drained

tests were found to be 125 kN/m2 and 250 kN/m2, respectively. Compute the following analytically:

(i) the values of undrained angle of internal friction (<!>u) and effective angle of internal friction( <!>') of

the sample.
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(ii) the values of pore pressure at failure (uf) and the pore pressure parameter A at failure (Af) in the

undrained test. [6]

d) A clay sample (liquid limit = 47%, plastic limit = 23% and natural moisture content = 38%) was
collected from a depth of 6 m below the existing ground level. Water table is at the existing ground level

and saturated unit weight of the sample is 20 kN/1113 . From a laboratory one-dimensional consolidation

test, the preconsolidation pressure of the sample was found to be 367 kN/1112. Estimate the value of
undrained shear strength of the sample at that depth. [5] 

QUESTION 3 [30 MARKS] 

a) The following results were obtained at failure in Consolidated Undrained (CU) triaxial compression
tests performed on two specimens of a silty clay sample:

Specimen Cell Pressure Deviator Stress Pore Pressure 

No. (kN/m2
) (kN/m

2
) (kN/m2)

1 150 272 so 

2 300 418 100 

Draw Mohr Circles of the two specimens in terms of effective stresses in a plain graph paper. Draw the 
Mohr-Coulomb failure envelope and hence determine the values of effective shear strength parameters 

(c' and f) of the sample from the failure envelope. Also write down the equation of the Mohr-Coulomb 

failure envelope in terms of effective stresses. 

b) Draw neatly the following qualitative curves:

[7] 

(i) Volume change versus axial strain for saturated samples of loose sand and dense sand 111
consolidated drained (CD) triaxial compression tests.

(ii) Skempton's pore pressure coefficient B versus degree of saturation.

(iii) Variation of the magnitude of lateral earth pressures (at-rest, active and passive) with tilt or
deformation of wall. [ 4]

c) Explain thixotrophy.

A field vane, 100 mm height and 50 mm diameter was pressed into a clay deposit at the bottom of a
borehole and the bottom of the vane is flush with the surface of the clay. Torque was applied and its
value at failure was found to be 25 N-m. The values of liquid limit and plastic limit of the clay are 56
and 20, respectively. Assuming unifonn mobilization of end shear, calculate the design value of
undrained shear strength of the clay? [5] 

d) A smooth vertical wall of height 9 m retains a soft clay backfill of unit weight 17 .5 kN/1113 . Undrained

shear strength of the clay backfill is 35 kN/m2. For undrained condition (�u = 0) of the soft clay backfill,
calculate the following:
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(i) Unsupported height of the wall.

(ii) Active ea1ih force before tension crack forms

(iii) Active eaiih force after tension crack forms

Also draw the active pressure diagram

e) Explain the concept of active eaiih pressure.

[5] 

For the retaining wall shown in Figure 1, water table is located at the existing ground level (EGL).

Draw passive pressure diagrams due to backfill (Ysat = 20 kN/m3, c'= 15 kN/m2 and <
f 
= 30° and),

surcharge (30 kN/m2) and ground water separately. Also detennine the total passive force per metre
length of the wall. '3DKN/M-2. [9] 

QUESTION 4 (25 MARKS] 

� = 20 KfJ /IH.-3

c
1 =15 hl/m..2-

¢' = .30 0

Figure-1 

PART-B (75 MARKS] 

The plan and elevation of the raft foundation of "Pinnacle Tower", located in Tejgaon, Dhaka, Bangladesh, are 
shown in the accompanying figures (Figure-2). The raft foundation is subjected to a uniform contact pressure 
of 615 kPa at the base. Subsurface investigation indicates the presence of a weak soil layer at a depth of 100 m 
below point P, where point P is located at the midpoint of the raft foundation. 

Detennine the vertical stress at the weak soil layer ( at a depth of 100 m below point P) due to the raft pressure, 
using the Newmark Influence Chart method. [25]

L-2oom- _J

""l 
I 
I 

� 
0 
0 

Figure-2 
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QUESTION 5 [25 MARKS] 

a) Using a neat and well-labeled qualitative sketch, illustrate the Casagrande graphical method for determining
the preconsolidation pressure of a clay soil from the e-log a' curve.
Fmther, explain how the value of preconsolidation pressure can be used to classify clay soils as normally
consolidated (NC) or overconsolidated (OC). [5]

b) A shallow foundation is placed on a sandy layer that overlies successive strata of sand and clay, the
properties of which are provided in Figure 3.

385000lb 
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- '.".O 
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·· 
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: . ' . : . . . ,. �. . : . ·:· . . . . : . . ·. ,. 

" . ·... ·: .� .. : . . ·· 
... :·
_. 

:- ·:... . .. . ... ·• · .
. ·. -: ..: 

�= 108 l b!ft:3 

�=110 lb/ft3 

�� 120 lb/ft:3 

Gs = 2.66; 
LL= 6i% ; Cv = 9 .3 in11month 
Pre-consolidation pressure: 2500 psf 

-1 S.0-----�---· -·· -------'-'--'--·�· -· ------
::viedium Sand 

Figure-3 

Calculate the followings: 

1. Primary consolidation settlement of the soft clay layer.
11. Time required for 1.5 inch settlement.

Ill. Settlement after 10 years. 

[20] 

1v. Calculate the required footing dimension( square) to control the settlement to 1 inch after 10 
years. 
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QUESTION 6 (25 MARKS] 

a) What do you mean by piping in soils? [2] 
b) A concrete gravity dam is founded on a homogeneous, isotropic permeable soil layer underlain by

an impermeable stratum as shown in Figure-4. A flow net is drawn to represent seepage beneath
the dam. The saturated unit weight, specific gravity and coefficient of permeability of foundation
soil are 17.2 kN/m3, 2.48 and 3.6x10-3 m/s respectively. Determine:

(i) Total seepage discharge per unit length of the dam.

(ii) How high the water will rise if piezometers are placed at points a and b.

(iii) Average hydraulic gradient at point c.

(iv) Factor of safety against piping at downstream.

(v) If the factor of safety must be increased to 3.5 for special requirement using a downstream filter
layer, then what will be the required filter thickness. Given: Dry unit weight of the filter material is 17
kN/m3

. [take C0 = 0.347] [23]

Sm 

lOm 

1 1 f • 

\ 

I 

impermeable layer 

Figure-4 
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Answer all the questions. Assume any missing value. 

QUESTION 1 [15 MARKS] 

Classification tests were done on an inorganic soil sample and the following results were 

obtained: 

Sieve Percent Finer (%) 

No. 4 sieve (4.75 mm) 96 

No. 10 sieve (2 mm) 56 

No. 40 sieve (0.425 mm) 35 

No. 200 sieve (0.075 mm) 8 

Consistency test results of soil fraction finer than No. 200 sieve (0.075 mm): 
.. Liquid limit (LL) = 40% 

" Plastic limit (PL) = 20% 

From grain size data: 

D10 = 0.065 mm; DJo = 0.525 mm; D6o = 2.2 mm. Classify the soil using the Unified Soil 

Classification System (USCS). 

QUESTION 2 [15 MARKS] 

Classify the following soil samples according to AASHTO Soil Classification system. AASHTO 

Soil Classification Chart is provided 

Soil Sample 
Description A B c D E 

Percent Finer than No 10 Sieve 100 100 20 90 100 

Percent Finer than No 40 Sieve 99 92 10 76 82 
Percent Finer than No 200 75 86 2 34 38 

Sieve 

Liquid Limit, LL 110 70 - 37 42 

Plasticity Index, PI 50 32 3 12 23 
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QUESTION 3 [10 MARKS) 

The moist weight of 0.18 ft3 of a soil is 24 lb.

The moisture content and specific gravity of soil solids are determined in the laboratory to be 
15% and 2.8, respectively. Assume Yw = 62.4 :: 
Calculate the following: 

a. Moist unit weight (lb/ft3)
b. Dry unit weight (lb/ft3)

c. Void ratio
d. Porosity
e. Degree of saturation (%)
For this soil emax = 0.82, emin = 0.42, Find out the relative density (Dr).

w 
y=­v

e 

n=-

1+e 

QUESTION 4 [5 MARKS) 

- y
Yd -ttw 

S = WGs 
e 

e = GsYw _ l 
Yd 

D - emax-e 
r- emax-emin

The maximum and minimum dry unit weights of a sand were determined in the laboratory to be 
20 and 15 kN/m3

, respectively. What is the relative compaction in the field if the relative density 

is 60%? 

D _ Ydf - Yd min Yd max 
r- Yd max -Yd min Ydf

QUESTION 5 [20 MARKS) 

R- Ydf 
Yd max 

A point load of magnitude 250 kN acts on the surface of the ground. Assuming the soil mass to be 
uniform, compute the intensity of vertical stress due to the load at depths of O m, 1 m, 5 m, 10 111, 

50 m, and 100 m: 
a. along the vertical line of action of the point load.
b. along the vertical line having a horizontal distance of 5 m from the line of action of the load
c. find the vertical stress along a horizontal plane at a depth of 1 m from the ground level at radial
distances of 0, 0.25 m, 0.5 m, 0.75 m, 1.0 m, and 2.0 m from the line of action of the load.

QUESTION 6 [10 MARKS) 

Define Quick condition of soil. Explain the effects of Quick condition of soil. 
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A stratum consisting of fine sand is 4 m thick. Under what head of water, flowing in an upward 
direction, will a quick sand ra· evelop? Take specific gravity of solids and void ratio as

d O . l 
. G-1 

2.50 an .90, respective y. 1c=-

1+e 

QUESTION 7 [15 MARKS] 

If a uniformly distributed load, .6.p is applied at the ground surface, what is the settlement of the 
clay layer caused by primary consolidation if 
a. The clay is normally consolidated
b. The pre-consolidation pressure, Pc = 200 kN/m2

c. pc= 170 kN/m2

1Use Cs� Cc, Cc=0.36

I 
lo 

i· 
1• 
I 

.6.p=60 kN/m2

The 1st sand layer is 4 m thick (y dry= 15kN/m3) 

The second sand layer is 5 m thick (Ysat
= l 9 kN/m3) 

The third layer of clay is 8 m thick (y sat
= 18kN/m3) 

void ratio e =1.1 Liquid limit, LL=55 

For NC Clay, Settlement 

Settlement, S = H.Cr 1
0

2: p; = H.Cr 1
02: 

p� + .6.p 

Settlement, 

QUESTION 8 [10 MARKS] 

> 

1 + e
0 

� 

p� 1 + e
0 

� 

p� 

Consolidated drained (CD) direct shear tests were conducted on three specimens of a silty clay 
sample. Initial height and diameter of the specimens were 25.4 mm and 63.5 mm, respectively. 
The following results were obtained at failure: 

Normal load (kg) Peak shear load (N) 

30 240 
60 470 
120 950 

Draw the failure envelope on a plain graph paper and hence estimate the values of the effective 
shear strength parameters ( c' and 0') of the given soil sample. Also, comment on the stress 
history of the sample. 
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Equation of "A" -Une 

Horizontal at Pl=4 to ll = 25.5, 
then Pl = 0.73(Ll*20} 

Equation of ''U'' - line 
Verticle at LL=16 to Pl=7 

then Pl=0.9{LL-8} 
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QUESTION 1 [20 MARKS] 

Credit Hour: 3 

Answer all the questions 

Course Code: CE 361 
Full Marks: 100 

a. Distinguish between open channel flow and pipe flow. Also provide an example-sketch of [6]
both of them.
b. Derive an expression for the kinetic energy co-efficient in an open channel flow. [5] 
c. The data collected during the stream-gauging operation at a certain river section are given in [9]
table below. Computed discharge and the mean velocity for the entire section are found to be

26.85 m3/s and 0.91 mis, respectively. Determine: (i) the missing data (total depth at a distance
of 6 m from left bank) and (ii) the state of flow in consideration to gravitational force.

Distance 
From Left 
Bank (m) 

Total 
Depth 
(m) 

0 0 

4 3 

6 

8 3 

11 2 

13 0 

--- Missing Data 

QUESTION 2 [13 MARKS] 

Current­
Meter 

Depth(m) 

1.5 

Velocity 
(mis) 

0.4 

1.5 1.6 

3.5 0.4 

0.6 1.7 

1.8 1.3 

1.2 0.8 

a. Derive an expression for mean velocity (known as "The Law of Torricelli"). [5] 
b. A sharp-crested weir in a wide rectangular channel of 40-meter width has a discharge of240

m3/s. Depth of flow just upstream and downstream of the weir are 3.0 m and 2.0 m, [8] 
respectively. Compute the energy loss due to the weir and the total force on the weir for 
submerged condition. Neglect external friction force Fr due to small distance. 

1 



QUESTION 3 [10 MARKS] 
A smooth contraction is created in a horizontal segment/portion of a rectangular open [IO] 
channel (having no surrounding inflow or outflow) to induce critical flow condition at the 
contraction. Thus, a steady rapidly varied flow condition ( constant Q, variable U and h in x 
direction of the segment) is also generated in this segment of the channel. Consider the 
following data for this scenario: 

Depth of flow just u/s of the contraction, h1 = 3.0 m 
Critical depth of flow just d/s of the contraction, he

= 2.136 m 
Width of the channel just u/s of the contraction b1 = 4.0 m 

Neglecting all energy losses (friction & eddy) and considering a =1.0, determine the width 
of the contraction at d/s where flow becomes critical (be). 

QUESTION 4 [5 MARKS] 
Derive the expression for normal depth in a wide channel based on the Manning Formula. [5] 

QUESTION 5 [14 MARKS] 
Show that the best hydraulic trapezoidal section is one-half of a regular hexagon. [ 14] 

QUESTION 6 [14 MARKS] 
For a trapezoidal channel with b = 7 m, s = 1.5, n = 0.025 and So = 0.001, compute the [14] 

normal depth and velocity when Q = 15 m3/s. Use Newton-Raphson method. Show the first 

two trials. 

QUESTION 7 [14 MARKS] 
Utilizing Practical Design Procedure for the design of Rigid Boundary Channel, design an [14] 

open channel considering the following data: 

Water demand, Q = 70 m3/s 

Longitudinal slope of the existing topography = 1 :2500 

To-be-maintained side slope of the channel = 1:1 

Manning's roughness co-efficient, n = 0.011 

Check whether all the key considerations are satisfied or not. Draw a cross-section, as 

typically used, of your designed channel. And also determine the Free board, Fb. 

QUESTION 8 [10 MARKS] 
Water flows at a velocity of 5 mis and a depth of 1.0 m in a horizontal rectangular channel [10] 

5 m wide. Find: (i) Type of jump, (ii) the downstream depth necessary to form the jump, 

(iii) the downstream Froude number, (iv) the length of the jump, (v) the efficiency of the

jump, and (vi) the energy loss in the jump.
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a. Distinguish between open channel flow and pipe flow. Also provide an example-sketch of [6]
both of them.
b. Derive an expression for the kinetic energy co-efficient in an open channel flow. [5] 
c. The data collected during the stream-gauging operation at a certain river section are given in [9]
table below. Computed discharge and the mean velocity for the entire section are found to be
26.85 m3/s and 0.91 mis, respectively. Determine: (i) the missing data (total depth at a distance
of 6 m from left bank) and (ii) the state of flow in consideration to gravitational force.

Distance 

From Left 

Bank (m) 

Total 

Depth 

(m) 

0 0 

4 3 

6 

8 3 

11 2 

13 0 

--- Missing Data 

QUESTION 2 [13 MARKS] 

Current­

Meter 

Depth (m) 

1.5 

Velocity 

(m/s) 

0.4 

1.5 1.6 

3.5 0.4 

0.6 1.7 

1.8 1.3 

1.2 0.8 

a. Derive an expression for mean velocity (known as "The Law of Torricelli"). [5] 
b. A sharp-crested weir in a wide rectangular channel of 40-meter width has a discharge of 240

m3/s. Depth of flow just upstream and downstream of the weir are 3.0 m and 2.0 m, [8] 
respectively. Compute the energy loss due to the weir and the total force on the weir for 
submerged condition. Neglect external friction force Fr due to small distance. 
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QUESTION 3 [10 MARKS] 

A smooth contraction is created in a horizontal segment/portion of a rectangular open [10] 
channel (having no surrounding inflow or outflow) to induce critical flow condition at the 
contraction. Thus, a steady rapidly varied flow condition (constant Q, variable U and h in x 
direction of the segment) is also generated in this segment of the channel. Consider the 
following data for this scenario: 

Depth of flow just u/s of the contraction, h1 = 3.0 m 
Critical depth of flow just dis of the contraction, he

= 2.136 m 
Width of the channel just u/s of the contraction b1 = 4.0 m 

Neglecting all energy losses (friction & eddy) and considering a =1.0, determine the width 
of the contraction at dis where flow becomes critical (be). 

QUESTION 4 [5 MARKS] 

Derive the expression for normal depth in a wide channel based on the Manning Formula. [5] 

QUESTION 5 [14 MARKS] 

Show that the best hydraulic trapezoidal section is one-half of a regular hexagon. [ 14] 

QUESTION 6 [14 MARKS] 

For a trapezoidal channel with b = 7 m, s = 1.5, n = 0.025 and So = 0.001, compute the [14] 
normal depth and velocity when Q = 15 m3/s. Use Newton-Raphson method. Show the first 
two trials. 

QUESTION 7 [14 MARKS] 

Utilizing Practical Design Procedure for the design of Rigid Boundary Channel, design an [14] 
open channel considering the following data: 

Water demand, Q = 70 m3/s 
Longitudinal slope of the existing topography= 1 :2500 
To-be-maintained side slope of the channel = 1:1 
Manning's roughness co-efficient, n = 0.011 

Check whether all the key considerations are satisfied or not. Draw a cross-section, as 
typically used, of your designed channel. And also determine the Freeboard, Fb. 

QUESTION 8 [10 MARKS] 

Water flows at a velocity of 5 mis and a depth of 1.0 m in a horizontal rectangular channel [10] 
5 m wide. Find: (i) Type of jump, (ii) the downstream depth necessary to form the jump, 
(iii) the downstream Froude number, (iv) the length of the jump, (v) the efficiency of the
jump, and
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1. Differentiate between:

1. Manufacturing cost and non- manufacturing cost
11. Direct cost and indirect cost

111. Variable cost and fixed cost

(5*3=15) 

(8+4=12) 

2. Consider the following account balances (in thousands) for the Shaler Corporation on Year
2022:

Beginning of the year End of the year 
Raw Material TK 130,000 TK 68,000 
Work- in process 1 66,000 1 44,000 
Finished goods 246,000 204,000 

End of the year 
Purchase of direct materials TK. 256,000 
Direct manufacturing labor 212,000 
Indirect manufacturing labor 96,000 
Indirect materials 28,000 
Plant insurance 4,000 
Depreciation- plant, building, 42,000 
equipment 
Plant utilities 24,000 
Repair and maintenance- plant 16,000 
Marketing and distribution expense 124,000 
General and administration expense 68,000 
Revenue Tk 2,000,000 

Prepare a schedule of cost of goods manufactured. 

3. Real Holdings, a real estate company, has the following transaction:

January 1 The owner invested cash in the business TK 2,000,000.
2 Supplies purchased for TK 400000 on account. 
5 Real holdings provided services for TK 500,000. 

10 Real holdings again provided services for TK 200,000 on account. 

25 Provided employees' salaries for T,R 60,000. 
31 Cash received but services has /{been performed Tk 5,000.

1 
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Required: 

i. Prepare tabular analysis ..
ii. Prepare journal entries.
iii. Prepare income statement

4. Stewart Corporation's comparative balance sheets are presented below:
Stewart Corporation 

Balance Sheets 
December 31 

2012 
Cash TK4,300 

Accounts receivables 21,200 
Inventory 10,000 

Land 20,000 
Buildings 55,000 

Total Assets TK 110,500 
Accounts Payable TK 12,370 

Common stock 75,000 
Retained earnings 23,130 

Total Liabilities and Owner's Equity TK 110,500 

2011 
TK 3,700 

23,400 
7,000 

26,000 
60,000 

TK 120,100 
TK 31,100 

69,000 
20,000 

TK 120,100 

(8) 

Stewart's 2012 income statement included net sales of $100,000, cost of goods sold of $60,000, 
and net income of $15,000. 

Instructions 

Compute the following ratios of 2012. 
(a) Profit margin.
(b) Inventory turnover
( c) Return on assets.
( d) Debt to total assets ratio
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