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Answer all the questions

QUESTION 1 [10 MARKS]
a. [llustrate the significance of Dummy Activities in project network diagrams. [04]

b. The network of a construction project is shown in Figure 1, along with the duration of each
activity. Apply network analysis techniques to determine the Earliest and Latest Event Time of
each event. [06]

Figure 1. Network diagram along with activity duration

QUESTION 2 [10 MARKS]
Apply CPM technique to the network shown in Figure 1 to determine the following:

a. Activity Time (EST, EFT, LST, LFT) of each activity. [06]
b. Total Float of each activity. [02]
c. The Critical Path. Show the Critical Path on the Network. [02]

QUESTION 3 {10 MARKS]
a. [llustrate, using graphs, how direct and indirect costs vary with project durations. [04]

b. The particulars relating to 950 kg of a certain raw material purchased by a particular company
during June 2026 are as below:

Lot prices quoted by suppliers and accepted by the company for placing the purchase order are:
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Lot up to 1000 kg Tk. 25 per kg
Between 1000 - 1500 kg Tk. 20 per kg
More than 1500 kg Tk. 15 per kg

For Supplies to Factory, Trade Discount is 15%.

Price of a 25 kg container is Tk. 15 per container.

Credit allowed on return of containers is Tk. 10 per container.
Sales Tax is 10% on raw material and 5% on containers.
Transportation cost paid by the purchaser is Tk. 1500.

Insurance is 2% (on net invoice value) paid by the purchaser.
Stores Overheads applied at 5% on total purchase cost of material.
The entire quantity has been received and issued to production.
The containers are returned in due course.

Based on the above data/information calculate the following:

i. Total cost of material purchased. [05]
ii. Unit cost of material issued to production. (01]
QUESTION 4 [08 MARKS]
a. Apply the provisions of PPA 2006 to illustrate its scope of application in different procurement
situations. [03]
b. The City Authority of a developing town is planning to invest in a new water treatment plant.
The initial investment required for the project is $4,500,000. The expected annual cash inflows
for the next five years are estimated and shown in Table 1:
Table 1. Projected net cash inflows obtained by financial analysts
Year 1 2 3 4 5
Cash Inflow ($) | 1,200,000 | 1,600,000 | 1,500,000 | 1,300,000 | 1,100,000
i. Calculate the Internal Rate of Return (IRR) for the project. [04]
ii. Evaluate the calculated IRR and determine if the project is financially viable if the City
[01]

Authority has a required rate of return of 12%.

QUESTION S [0S MARKS]

A city corporation is planning to implement a solid waste management project to improve urban
sanitation and environmental conditions. The project includes waste collection systems, recycling
facilities, and landfill development. The financial and social aspects of the project are summarized

below:
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Initial Construction Cost: $10,000,000

Annual Operation and Maintenance Cost: $400,000 (for S years)

Annual Benefits (due to improved public health, environmental protection, and
increased property values): $1,700,000 (for S years)

Salvage Value (residual value at the end of 5 years): $1,300,000

Discount Rate: 10%

a. Compute the Present Value (PV) of Costs and the Present Value of Benefits over the S-year

project life using Net Present Value (NPV) analysis. [03]

b. Calculate the Benefit—Cost Ratio (BCR) for the project. [01]

c. State whether the project is economically feasible based on the BCR criterion. [01]
QUESTION 6 [07 MARKS]

A regional development agency is planning to develop two types of urban transportation corridors:
Bus Rapid Transit (BRT) lanes and Bicycle lanes. The project must be completed within the
available limits of budget, land, and labor resources. The relevant data are given in Table 2.

Table 2. Information about BRT Lanes and Bicycle Lanes

) Passenger
Transportation Land Required | Labor Hours .

) Cost per km ($) ) Capacity
Corridor per km (m?) per km (hrs.) (persons/hr.)
BRT Lane 700,000 3,000 300 10,000

Bicycle Lane 300,000 1,500 150 4,000

A total of 120,000 m? of land is available, while the total budget and total labor hours must not
exceed $18,000,000 and 8,000 hours, respectively. Both types of corridors (BRT lanes and Bicycle
lanes) must be constructed.

Apply linear programming techniques to:
a. Construct the objective function and constraint equations to represent the problem

mathematically.

b. Determine the optimal kilometers of BRT lanes and Bicycle lanes to be built in order to

maximize passenger capacity while satisfying all constraints.
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Answer all the questions

QUESTION 1 [20 MARKS] [20]

A W14x30 flexural member made of ASTM A572 Grade 50 steel is shown in Figure 1. The span
of the beam is 21 ft. Use the AISC LRFD method, considering the effects of lateral-torsional
buckling.

Note: Use the dimension chart on pages 4-5 for dimensional properties

P 3P P

Figure 1
a. Calculate the moment gradient factor. 81
b. Determine the magnitude of the load (P) that can be carried by the simply [12]
supported beam.
QOUESTION 2 [1S MARKS] (15]

Considering safety and economy, select the best W section (Use the dimension chart on pages
4-5) to carry a service superimposed dead load of 1.5 kip/ft and a service live load of 2 kip/ft on
a simply supported beam. The length of the beam is 32 ft, and the spacing of lateral supports is 8
ft. Use AS572 Grade 60 steel, and follow the ASD approach.

Note: Beam self-weight is not negligible and hence it must be accounted for. Check the
compactness of the section before selection.

QUESTION 3 [20 MARKS] (20]

A braced column is made up by a W steel section having Fy= 60 ksi (Figure 2). The top and
bottom supports of the column are fixed and pinned, respectively. Along the strong axis direction,
lateral pinned support is also provided as shown in the figure. Select the lightest W section (from
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the dimension chart of 4-5) of long to carry an axial compression load of 220 kips dead load
and 350 kips live load in a braced structure. Use AISC-LRFD approach.

Note: Check the ratio of the selected section’s available capacity to the required factored capacity.
Choose a section for which this ratio is as close to 1.0
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Figure 2
QUESTION 4 [20 MARKS] (20]

By following the elastic vector method, compute the service load capacity P for the welded
bracket connection shown in Figure 3. The fillet weld size is 3/4 inch, and E60XX electrode is
used for the welding. Use the AISC-ASD method for the calculation and assume the plate
thickness does not affect the result.
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Figure 3
QUESTION S [25 MARKS]
a. Explain why shielding in Metal Arc Welding is important. (5]
b. Explain the importance of minimum effective length in fillet weld. (5]
c. Define shape factor and show that the shape factor of a rectangular (3+7]
section is 1.5.
d. How does the failure mode of a long column differ from that of a (5]

short column? Explain in your own words using a neat sketch
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Keep your answers brief and use bullet points where possible.
Questions 01

A.

What are the theoretical steps for watershed delineation in GIS? Briefly describe
stream order and the D8 method in 2-3 lines. Draw figures, if needed.

. Explain, with suitable figures, the steps involved in Kriging interpolation in GIS.

Provide a brief description of the following elevation models, including their
specifics and primary uses: (i) DEM, (ii) DTM, (iii) DSM, (iv) TIN, and (v) CHM.

. What does NDVI represent, and how do different NDVI values relate to land use?

A pixel from a satellite image has the following reflectance values: Blue = 0.14,
Green = 0.3, Red = 0.27, and Near-Infrared = 0.66. Calculate the NDVI and
interpret the type and condition of the land cover for this pixel.

. What are the three main methods for raster image classification? Briefly explain

each method along with its pros, cons, and applications.

A land surveying company has conducted a topographic survey at four locations
on a site and needs to estimate the elevations at two unmeasured points for a
construction project. Using the Inverse Distance Weighting (IDW) method with a
power parameter of 2, calculate the elevations atA (5, 7) and B (7, 3). The surveyed
points are: T1(2,9,18m), T2(7, 11,8 m), T3(8, 5, 20 m), and T4(3, 1, 18 m).

. Briefly explain the following spatial interpolation techniques (i) Spline, (ii) Natural

Neighbour and (iii) TIN, including how they work, a typical use case, advantages
and disadvantages of each technique.

. Explain briefly (i) the different segments in a GPS architecture, (ii) the principle of

trilateration, and (iii) the key features and use cases of different types of GPS
receivers.

Marks

12

6

10

10

12
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Answer all the questions

QUESTION 1 [32 MARKS]
Answer any FOUR of the following six questions. Each question carries 8 marks.

a. Define a development project and distinguish between project outputs and outcomes. Illustrate your
answer with one example from Bangladesh. (8]

b. What is the Brown Agenda? Describe three urban environmental problems in Bangladesh that
exemplify it. (8]

c. Explain the concept of negative externalities using one industrial example from Bangladesh. [8]

d. Define sustainable development using the Brundtland definition. What are its two core concerns?

(8]

e. Explain the difference between source-oriented and impact-oriented environmental quality
standards. What are the enforcement challenges of each? [8]

f. Distinguish between the Travel Cost Method and Hedonic Pricing as environmental valuation
techniques. What does each measure, and what are their limitations? (8]

QUESTION 2 [48 MARKS]

a. A What is the Total Economic Value framework? Distinguish between direct use value, indirect
use value, option value, existence value, and bequest value, illustrating each with reference to a
Bangladeshi ecosystem. (12]

b. The Environmental Conservation Rules of Bangladesh have been revised twice - in 1997 and
2023. Yet environmental degradation in the country continues at significant scale. Does this suggest
that regulatory frameworks are fundamentally inadequate tools for environmental protection, or does
it point to something else? Critically evaluate. [12]

c. The environmental implications of the transport sector extend well beyond air pollution.
Discuss the full range of environmental and social costs of transport development in Bangladesh,
including the shift from waterway to road-based freight, noise pollution, and the risk of hazardous
spills. [12]
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d. Outline the three national environmental priorities identified in Bangladesh’s National
Environmental Policy. For each, describe at least two concrete policy measures or programmes that
operationalise that priority. [12]

QUESTION 3 [20 MARKS]

Environmental protection and poverty reduction are fundamentally incompatible goals in a low-
income country.

Write a response in which you discuss the extent to which you agree or disagree with the statement.
In developing and supporting your position, consider the economic, social, and environmental
implications of pursuing these goals simultaneously. Also address situations in which the statement
might or might not hold true and explain how these considerations shape your position. [20]
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Department of Civil Engineering
Final Examination Fall 2025
Program: B. Sc. Engineering (Civil)

Course Title: Structural Engineering IX Credit Hours: 2.0 Course Code: CE 423
Time: 2 hours Full Marks: 70 (=7 x 10)
PART 1
Answer any S (Five) of the following 7 questions

Given: Ry = Last Three Digits of Registration Number
Jfy=1(50+0.1Ry) ksi, Es=29000 ksi, fe' =£/15, Ec=10007:", Emasony = 0.5E]

1. Fig. 1(a) shows RC column aoa; [height H. = (10 + 0.01Ro) ft, b = (12 + 0.01R0)", ke = 3b., steel ratio =
0.02] at the entrance of Mexico’s iconic gz e o
Azteca stadium (host of world cup

o) Q
soccer finals of 1970, 1986 and opener o
of 2026), while Fig. 1(b) shows the °
column cross-section. e

If subjected to compressive force P, =

0.5 /' 4, calculate the column’s

(i) Ultimate moment capacity M,

(ii) Design shear force Vpesand required
spacing of the 4-legged stirrups (of
16™"-dia)

(iii) eson (according to Kent-Park model).

2. Fig. 2(a) and Fig. 2(b) show two views of the gallery of New Jersey MetLife Stadium (venue of World
Cup 2026 final) while Fig. 2(c) shows the sections of steel beam abd [of length Lz = (20 + 0.05 Ry) ft],
beam bc [of length Ls. = (50 + 0.1Ry) ft] and column bd [of height Lss= (20 + 0.05Ry) ft].

(i) For distributed load w, = (2 + 0.01Ry) k/ft on the beams (ab, bc), check if the ‘ Weak-Beam-Strong-
Column’® condition is satisfied at joint b.

10" 137
T T

18" 0.4" 16"

_l- _J‘ —b "—'1.0”

| A
9" I ] 8”

Beam ab. bc Fie. 2(c Column

(ii) Check the width-thickness ratio of the beam flange and web
(iii) Calculate the spacing of lateral bracing (to prevent LTB) of beam bc.

3. Fig. 3(a) shows part of the SoFi Stadium in Los Angeles (sitting on an active earthquake fault), which
has a massive roof canopy, supported by circular
columns [of height A. = (30 + 0.1Ry) ft, diameter D,
0.1H.], with advanced base isolators.

Fig. 3(b) shows such a column modeled as lumped
system with mass m; (= 0), stiffness ki (= 12EL/HZ3),
damping ci (= 0), supporting a base isolator of stiffness
ky (= 0.01k)), damping ¢; (= 0) and roof with mass m; (
k1/400).

Calculate the

(i) Natural frequency of the SDOF system without the
base isolator (i.e. with column and roof only)

Fig. 3(b)

(ii) Natural frequency and modal shape of the 2DOF system including the base isolator also
(iii) Comment on the role of the base isolator in this system.



4. For the 1932 Jalisco earthquake (of magnitude 8.1), epicentral distance of Mexico’s
Gudalajara stadium was = (110 + 0.1Rp) km. The earthquake originated from rock with
shear modulus 20 GPa, and struck at a depth (15 + 0.1Rg) km.

Calculate the
(i) Average displacement of the fault plane over a rupture area of (5000 + 10Rg) km?

(ii) PGA at the stadium, using Esteva-Villaverde (1974).
(iii) Seismic force (and base shear) on the (30 + 0.1Ro)-ft high bronze statue (Fig. 4) of

Pele [weighing Wo= (6 + 0.01Ro) kips] set recently at the stadium entrance, as well as
the overturning moment, axial and bending stress it creates on the supporting column

section [of size (2' x 6")].

5. (i) Fig.5 shows a 3-storied brick masonry building in New York city.
Given: Floor Height = (10 + 0.05R0) ft,
crushing strength of brick = (2 + 0.01R) ksi,
mortar grade M.

Window size = (3' x 6"), door size = (3’ x 9'),
end distance and between windows =7'.
Check if the masonry wall satisfies BNBC’s
in-plane seismic detailing requirements (i.e. for
wall openings, distances, heights and
materials).

(ii) If the wall thickness #war = (10 + 0.05R,) inch,
check if it satisfies BNBC’s out-of-plane
seismic detailing requirements (i.e. for height, thickness, cross-wall).

6. The (6 + 0.01Rg)"-thick RC flat plate structure shown in Fig. 6 (at Stanford University, California) is
supported on (24 + 0.01Ry)"-dia RC columns of height A. = (10 + 0.01Ry)’, spaced at (24 + 0.01Ry)’ c/c.

Assume axial force P, on a column is from distributed load

of (3 + 0.01Ry) k/ft over slab length, column shear force 7,

= P./5, and unbalanced moment M, = V,H./2.

(i) For the slab around a central column, calculate the
maximum shear stress (direct plus torsional shear)

(ii) Compare the stress with its punching shear strength,
assuming Lateral Drift = 0.1H..

7. ™D &) Fig. 7(a) shows the 60-storied One Rincon Hill South
T m, [Tower (at San Francisco, California) with a TMD

(first used in USA) at the top.

Fig. 7(b) shows the tower modeled as a lumped-mass
system with mass mo [(= 5000 + 10R,) kip-s¥ft],
Fig. 7(b) stiffness ko [(= 7500 + 15Ry) kip/ft], damping co (for
damping ratio &= 0.05).

The TMD at the tower-top has mass mt (= mo/500), stiffness kr (= k0/500), and
damping cr (= ¢o).

For first mode of vibration of the 2DOF building-TMD system, calculate the

(i) Natural frequency

(ii) Modal Shape

(iii) Damping Ratio.




PART 2

[Answer any 2 (Two) of the following 3 questions]

8. Briefly describe the seismic damages [Figs. 8(a). 8(b)] and repair-retrofit measures [Fig. 8(c). 8(d)] in
Canada.

9. Briefly describe the seismic damages [Figs. 9(a). 9(b)] and repair-retrofit measures [Fig. 9(c). 9(d)] in
Mexico.

10. Briefly describe the seismic damages [Figs. 10(a). 10(b)] and repair-retrofit measures [Fig. 10(c). 10(d)]
in USA.
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Structural Dynamics
OUESTION 1 [25 MARKS]

a) An undamped single-degree-of-freedom (SDOF) system with stiffness k is subjected to a periodic
loading that can be represented by the following Fourier series:

P(t)=25 + 100sin(wt) + 40sin(3wt) + 20sin(5mt)

Find the steady-state displacement of the system if the ratio of the loading periods to the natural
period of the system is 2. [5]

b) A SDF system (mass=0.4621 kip-s¥in; stiffness= 10 kips/in; damping ratio = 5%) was initially at
rest. T'he system is experiencing an external force p(t) represented by the piecewise- linear loading
history shown in the Figure-1. Determine the displacement response u(t), velocity response (t) and
acccleration response Zi(t) of the system using the Newmark Constant Average Acceleration Method
with a time step of At= 0.1 sec. Calculate the responses up tot = 0.2s. [20]

Py(k)
Yo

i‘?
[
; \ | /\ . N t(s)

0 ‘l[ 1 I 1 \/
- 0.1 02 0.3 \/

Figure-1

-5

QUESTION 2 [25 MARKS]

Consider the two-degree-of-freedom undamped frame shown in m

Figurc 2. The floor masses are lumped at the floor levels. The i @ U

first-storv columns have flexural rigidity 3EI, while the second- 1’1 El El

story columns have flexural rigidity El.. The story heights are ¢ 3m ¢

2h and h. respectively. The floor diaphragms are assumed rigid & sy

in their own planes, and only horizontal displacements are

considered. 3El, 3El¢
7 . 7777

Figure-2
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Determine:
a) The mass matrix [M] and stiffness matrix [K] of the frame.
b) The equations of motion in matrix form.
c) The natural frequencies w; and w,, and the corresponding natural periods T; and T,.

d) The first and second mode shapes.
e) The free vibration responses {ui(t), ux(t)} of the two-story shear frame due to initial displacement:

w0 =[]0 =[]

Earthquake Engineering and Soil-Structure Interaction
Building Information:

A 10-storey residential building with 2 basements is located in Dhaka city. The grid plan, column
locations and storey data are shown in Figure 3 and Figure 4.

Design data: seismic weight W =300 psf, response-reduction factor R = 6.5, importance factor [ = 1.0,
design spectral acceleration Sp; = 1.0

@ @ @ @ @ @ |2 e @ () S,
O o e S or

8F
7F -
6F -
SF

I R EJE] Y o a0
i i 20" 3F -

; i ‘ 2F
........ IH Y -

| Basement-2

a7 Basement-1

2' 5@ 30
w + . Figure 3: Building Plan Figure 4: E-W Elevation (10 storey + 2 Basement)

S

UESTION 3 [15 MARKS

For this building, take the average effective shear-wave velocity vs = 700 ft/s and the approximate
fundamental period T = 1.0 sec.

a) Calculate effective structure height, h' and depth of the foundation embedment, e (3]

b) Determine the structure-to-soil stiffness ratio and assess whether inertial SSI effects are 3]
likely to be significant

c) Determine the reduction of spectral acceleration due to base slab averaging, RR Sy (6]

d) Calculate maximum reduction of spectral acceleration due to Kinematic Interaction, (3]
taking the embedment factor, RRS. = 0.9
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CGUESTION 4 [15 MARKS]

From allalysis the following are obtained: fixed-base modal period T =1.95 s, flexible-base (SSI) modal
period 1 ==2.30 s, fixed-base base shear V = 4000 kip, and effective system damping ratio fo=0.15.

a) Calculate the damping reduction factor Bgg;

b) Determine the flexible-base SSI base-shear reduction AV

(3]
(6]

¢) Apply the a-factor limitation and find the final SSI-modified base shear V and state the ~ [6]
percentage reduction relative to the fixed-base value

QUESTION 5 [20 MARKS]

Evaluate the liquefaction susceptibility at depth z = 40 ft. The water table is 5 ft below the ground
surface. I'he soil profile and a pile foundation are shown in Figure 5; design parameters are listed in the

table below.

50' Medium Dense Sand (N = 20)

Figure 5: Soil profile (SPT) and pile

a) Calculate the depth reduction factor, rq

Parameter Value
Amax 036¢g
oy (at z) 2.4 ksf
o'W(at z) 1.3 ksf
Overburden correction 1.20
factor, Cn
Combined correction 0.92
factor Cg X Cg X Cr % Cs
Lateral spread 24 in
displacement, A
Axial load on pile, 250 kip

P,= (IZD + OSL)

(DMn

6,730 kip-in

fic

5 kst

fy

60 ksi

b) Determine the factor of safety against liquefaction (FS = CRR / CSR) and classify the (8]

site.

c) Calculate the minimum pile diameter to satisfy the ductility criterion for lateral (4]
spreading

d) Calculate the flexural demand from the P-A effect and check the adequacy of the pile (4]

moment capacity under lateral spreading
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Answer all the questions

QUESTION 1 [24 MARKS]

a. Doctors at Town ABC’s local clinic shown in Figure 1 have observed a troubling trend over the
past few years. Teenagers are presenting with persistent breathlessness and reduced lung capacity.
Several elderly residents report chronic mucus build-up and frequent respiratory infections.
Separately, children attending the Elementary school have shown declining academic performance
and attention difficulties. The clinic notes these conditions appear to have developed gradually, not
suddenly.

Brick kil
Est. 2005

Coal fired
quer
plant

V ] Highway

Nitric acid
plant -
Est 2023

Residential zone
- South

Figure 1. Map of Town ABC

i. Identify the most probable pollutants responsible for each observed health conditions. [3]
ii. For each pollutant, identify its source from the map and justify your answer. [5]

b. On 3™ April 2026 the following air quality data have been recorded at a monitoring station in
Dhaka: PM2s= 94 pg/m® (24-hr); PMio = 142 pug/m® (24-hr); CO = 14.51 mg/m> (8-hr). Prepare
the AQI index report of the given scenario according to USEPA using Table 1. [10]

¢. Write short notes on [2*3=6]
i. Sources of indoor air pollution.
ii. Air toxin vs criteria pollutant.

QUESTION 2 [26 MARKS]

a. The coal-fired power plant in Town ABC has recently switched to high-sulfur coal to cut costs.
Within two years, residents begin noticing unusual deterioration across the city.
Discuss the effects of this change on (i) materials and structures and (ii) vegetation.  [2+2=4]
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b. Draw a labeled diagram showing the four mechanisms by which particles deposit in the human
respiratory system. For each mechanism, write two lines describing the physical process involved

and the particle size or type for which it is most significant. [4]
c. A settling chamber is designed under the following conditions to remove pollutants from gas
emission from an industry. [5+3]
= Air:

¢ Horizontal velocity: 0.22 m/s
e Temperature: 80°F
e Viscosity of air: 1.67 x 10 kg/m.s
= Particle: Specific Gravity = 2.0
®* Chamber: Length =10 m, Height =2 m
i. Calculate the minimum size of particle that will be removed with 100% theoretical
efficiency from a settling chamber
ii. Justify whether this settling chamber will be suitable for the removal of PMio or not.

d. Describe any two control devices for gaseous pollutants. [5]

e. Define stoichiometric air-fuel ratio. Explain how rich and lean mixtures affect CO, HC, and NOx
emissions respectively. [1+4]

QUESTION 3 [25 MARKS]

a. A municipal wastewater treatment plant discharges treated effluent into the nearby stream. The
characteristics of the wastewater effluent and stream have been shown in Figure 2 below. Assume
that the mixing of the effluent is complete and instantaneous into the stream. Calculate the
following using Streeter-Phelps model. CO3/P0O2/C3

[20+5]
i.  The critical time downstream at which dissolved oxygen is minimum.
[Given, the deoxygenation rate constant is 0.17 /day at 20°C.]
ii. The minimum dissolved oxygen.

Efflucnt:

BODs =42 mg/L

Dissolved Oxygen = 0.8 mg/l.
l Fiow rate = 0.4 m3/s

/M

Velocity = 0.75 m/s Depth=35m ————_ Temperature = 26°C

\—.—_——‘
Stream:
BOD; = 1.50 mg/L.
Dissolved Oxygen == 8.0 mg/LL
Flow rate = 0.8 m?/s

Figure 2. Waste discharge into a stream

QUESTION 4 [25 MARKS]

a. You are an environmental engineer evaluating the SO2 pollution potential from a smokestack
located in a suburban area. The stack releases pollutants from an effective height of 110 m. The
factory burns 280 tons of coal per day containing 9% sulfur, and 12% of the sulfur is emitted as
SO.. The surface wind speed measured at 10 m height is 3.5 m/s. It is a summer day with the sun
at 50° above horizon, and the maximum surface temperature is 30°C. [5+8+12]
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Calculate the emission rate of SO21in g/s.

Using the Gaussian Plume Model, calculate the SO. concentration at a point 1.3 km
downwind, on the plume centerline (crosswind distance = 0), at a height of 10 m.

Keeping all other variables constant (including emission rate and meteorological conditions),
compute the maximum ground-level SO concentrations for stack heights of 200 m, 250 m,
and 300 m.

Present your findings graphically (concentration vs. distance) and analyze how stack height
affects pollutant dispersion and ground-level concentration. Which height results in safer air
quality at ground level? Justify your answer.

[Attach the necessary chart with the answer script.]

APPENDIX

_ 18uvy H 1/2
P gpyl

_ a0 VU /
Ke=39VY/ o)
DOgqe = 14.62 — 0.394T + 0.007714T2 — 0.0000646T3

‘ 1 In {f_r_ [1 _ Do (ky — kd)]}

Tl =k, kal,
kq
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c kr o
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1@ =1 (2/2)
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Table 1: AQI breakpoints table

Breakpoints
AQI
Os(ppm) | Os(ppm) | PMas(ug/m®) | PMio(ng/m’) | CO(ppm) | SOz(ppm) | NOz(ppm)
8-hr 1-hr 24-hr 24-hr 8-hr 24-hr Annual
0.000-0.064 - 0.0-15.4 0-54 0.0-4.4 | 0.000-0.034 (ii) 0-50
0.065-0.084 - 15.5-40.4 55-154 4.5-9.4 | 0.035-0.144 (ii) 51-100
0.085-0.104 | 0.125-0.164 40.5-65.4 155-254 9.5-12.4 | 0.145-0.224 (ii) 101-150
0.105-0.124 | 0.165-0.204 | 65.5-150.4 255-354 12.5-15.4 | 0.225-0.304 (ii) 151-200
0.125- 0.374 | 0.205-0.404 | 150.5-250.4 355-424 15.5-30.4 | 0.305-0.604 | 0.65-1.24 201-300
(iii) 0.405-0.504 | 250.5-350.4 425-504 30.5-40.4 | 0.605-0.804 | 1.25-1.64 301-400
(iii) 0.505-0.604 | 350.5-500.4 505-604 40.5-50.4 | 0.805-1.004 | 1.65-2.04 401-500

(i) NOz has no short-term air quality standard and can generate an AQI only above 200.
(iii) 8-hr O3 values do not define higher AQI values (). AQI values of 301 or higher are calculated with 1-hr
Os concentration.

2 Surface wind speed is measured at 10 m above the ground

Table 2: Atmospheric stability classifications

Day Night
Surface solar insolation cloudiness®
wind
speed® Cloudy Clear
{(m/s) Strong? Moderate* Slight? (=4/8) (=3/8)
<2 A A-B/ B E F
2-3 A-B B C E F
3--5 B B-C C D E
5-6 C C-D D D D
>6 C D D D D

b Corresponds to clear summer day with sun higher than 60° above the horizon
¢ Corresponds to a summer day with a few broken clouds, of a clear day with sun 35-60° above horizon
d Corresponds to a fall afternoon, or a cloudy summer day, or a clear summer day with sun 15-35° above horizon
¢ Cloudinessis defined as the fraction of sky covered by clouds

fFor A-B, B-C, or C-D conditions, average the values obtained for each

Source: Turner {1970}
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[You must submit this page with your answer script]

Table 3: Wind profile exponent p for rough terrain

Stability class Description Exponent, p
A Very unstable 0.15
B Moderately unstable 0.15
C Slightly unstable 0.20
D Neutral 0.25
= Slightly stable 0.40
ol Stable 0.60

“ For smooth terrain, multiply 2 by 0.6; sec Table 7.8 for
further descriptions of the stability classifications used
hoere.

Table 4. Constants in empirical relationships for o, and g,

2<1km 221 km
Stability
class @ ¢ d f ¢ d f
A 213 440.8 1.941 9.27 439.7 2.094 -9.6
B 156 106.6 1.149 3.3 108.2 1.098 2.0
C 104 61 0.911 0 61 0.911 0
D 68 33.2 0.725 -7 44.5 0.516 -13.0
E 30.5 22.8 0.678 -1.3 35.4 0.305 -34.0
F 34 14.35 0.740 0.35 62.6 0.180 -48.6
3
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