CEE 3804: Computer Applications in Civil Engineering Fall 2013

Assignment 3: Pivot Tables and Linear Programming
Date Due: September 18, 2013 Instructor: Trani

Problem 1

Abus leasing company has hundreds os buses placed in 5 cities around the country. The bus data is shown below and provided
to you in a file called BusCompany_2013.xls.

Table 1. Sample Bus Data for Bus Leasing Company.

A B C D E

City Bus Type Age Miles Route length
Charlotte New Flyer MiDi35 7 398,324.0 25.6
Charlotte New Flyer MiDi35 8 335,600.0 42.0
Seattle New Flyer XDE40 9 552,353.4 34.0
Charlotte New Flyer MiDi35 10 462,929.5 42.0
Salt Lake City New Flyer XDE40 6 219,703.2 46.0
Salt Lake City New Flyer XDE40 5 194,856.5 SR
Atlanta New Flyer XDE40 8 531,048.3 24.6
Seattle New Flyer XDE40 8 287,000.0 S0
Salt Lake City New Flyer XDE40 4 143,900.0 33.6

where:

Column A = City where leased bus is located

Column B = Bus type and model

Column C = Age of the vehicle

Column D = Miles in the odomoter

Column E = Average route length (miles) for the vehicle
Task 1:

Using Excel create a Pivot Table to display the average number of miles in the odometer as a function of bus type, age of vehicle
and city. Show a screen capture of the Pivot Table created.

Task 2:
Using the Pivot Table created in Task 1 find the average mileage for all bus types in the fleet.
Task 3:

Using Excel create a Pivot Table to display the average number of miles in the odometer as a function of bus type, age of vehicle
for the City of Charlotte. Show a screen capture of the Pivot Table created.

Task 4:

Using the Pivot Table created in Task 3 find the average route length traveled by the Van Hol AGG300 buses leased by the City
of Seattle.

Task 5:

Using Excel create a Pivot Table to count the number of buses as a function of bus type for all cities. Show a screen capture of
the Pivot Table created.

Task 6:
Using the Pivot Table created in Task 5 find the city with the highest number of New Flyer MiDi35 buses with 6 years of age.
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Task 7:

Using Excel create a Pivot Table to summarize the total miles traveled by the buses as a function of bus type and city. Show a
screen capture of the Pivot Table created.

Task 8:
Using the Pivot Table created in Task 7 find the city with the highest mileage on Orion VII buses.
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Problem 2

A company makes two Portland Cement Concrete (PCC) mixes for highway construction projects. Product Xcel is a premium
PCC mix that sells for $175 per cubic meter. Product Performer ST is a PCC mix that sells for $154 per cubic meter.

With the mixing hardware available, the company can produce up to 640 cubic meters of the Xcel PCC mix per day or up to 780
cubic meters of the Performer ST product. Because the PCC concrete mixes are produced using the same machinery, linear
combinations of both products not exceeding their maximum individual productions can be produced in one day. For example,
the company could produce 530 cu. meters of the Perfomer ST mix and 205 cu. meters of the Xcel mix on the same day if we
assume a linear combination of the individual production rates of the two PCC mixes. The company employs special trucks to
deliver the concrete to various clients in the region. Because the specific weight of both products is not the same, the delivery
trucks can haul up to 700 cu. meters of the Xcel PCC mix per day or up to 730 cu. meters per day of the Perfomer ST PCC mix.
Linear combinations of both products not exceeding their maximum individual hauling rates can be delivered in one day. For
example, the company could haul 360 cu. meters of the Perfomer ST mix and 350 cu. meters of the Xcel mix on the same day if
we assume a linear combination of the individual hauling rates of the two distinct PCC mixes.

Task 1:

Formulate the problem as a linear programming problem. Assume the company wants to maximize the revenue for the company.
Task 2:

Solve the problem graphically. Clearly indicate corner points and plot the lines of constant Z value.

Task 3:

Solve the problem by hand using the Simplex Method. Clearly show your tables and indicate which variables are the basic
variables in the current solution. Assume all constrains are of the type <= like the problem solved in class.

Task 4:

Solve the PCC mix problem using Excel Solver. Comment on the results obtained in Tasks 3 and 4. Do they agree?
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Problem 3

Modify the water management pollution control problem described in the class notes and explained in class. New removal costs
are presented in Table 1.

Table 1. Removal Costs and Pollution Values for Water Pollution Control Problem.

Source Removal Cost ($/kg) Pollution to Lake (kg)
River A 35 23,400
River B 46 12,800
River C 50 28,600
City 87 17,400
Airport 76 19,400

Assume that under a new water mandate by EPA we would like to remove at least 62,000 kg. of the baseline pollution going into
the lake. Moreover, airport and city managers want to participate in the pollution removal program by removing at least 50% of
their baseline pollution allocations per year. The pollution processing plants at all three rivers need to remove at least a quarter of
their pollutants as a minimum according to a new environmental law.

a) Formulate the problem as a linear programming problem. Solve the new problem using Excel Solver and state the optimal
cost.

The airport manager would like to invest in a deicing fluid system able to recycle 50% of the pollutants produced by the airport.
The new plant is expected to cost $14,000,000 and has a nominal life cycle of at least 15 years.

b) Using principles of engineering economics and Excel, calculate the yearly payments from the airport authority to a bank to buy
the recycling system and pay it off at the end of 15 years. Assume the bank charges 4% yearly over the loan period.

¢) Assume that city in question increases in population at a rate of 2% per year. Assume the pollution increases proportionally to
population. How much pollution does the city needs to remove after 15 years?
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Problem 4

A group of engineers in your company setups the following Linear Programming problem to minimize the
cost of producing three types of steel beams commonly used in buildings. The objective function is the
profit for the company (in dollars per production batch). The company would like to maximize the profit in
solving this problem.

Objective Maximize Z = 150 X; +200 Xz + 210 X3
Subject to
1.1 X5+ 1.2 X3+ 1.8 X3 <=2400

0.6 X1+ 0.7 X5 <=700
X2-0.9 X3<=1300
1.4 X +2 X+ 2.8 X3>=3700

X1, X2 and X3>=0  (non-negativity conditions)

For each task below, use screen captures of your setup using Excel Solver. Show the formulas of the
cells to make out task simpler in grading.

Task 1

Solve the problem using Excel Solver. State the exact solution found by Excel for all three decision
variables. State the value of the objective function for the optimal solution found.

Task 2

Since number of beams to be produced needs to be an integer solution, solve the problem with Excel to
obtain an integer solution. State the value of the objective function for the optimal solution found.

Task 3

Examine the final integer solution and state which constraint(s) are limiting the solution to the problem.
This means which constrains bound the solution of the problem.
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