
CEE	3804	Exam2	(Spring	2024)	

Computer	Applications	in	Civil	Engineering	

Open	Book	and	Notes	-	

Your	Name	__________________________________________________________________	

Your	Signature	*	____________________________________________________________	

* The	answers	in	this	exam	are	the	product	of	my	own	work.	I	certify	that	I	have	not	
received	nor	I	have	provided	help	to	others	while	taking	this	examination.	

Directions:	

Solve	the	problems.	Copy	and	paste	the	computer	code	and	solutions	such	as	graphs	in	a	
Word	Document	and	convert	to	a	single	PDF	File.	Make	sure	your	code	is	not	too	small	for	
me	to	be	able	to	read	it.	Minimum	font	size	10.	
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Problem	1	(30	points)		

Electric	and	natural	gas-powered	vehicles	require	charging	stations	along	highways	in	the	United	
States.	Figure	1	shows	sample	data	for	several	types	of	charging	stations	including	electric	(ELEC)	
and	natural	gas	(CNG)	stations.	

a) Create	a	Matlab	script	to	read	the	data.	Label	the	variables	appropriately	and	include	their	
units	if	applicable	as	part	of	the	variable	name.	

b)	Add	code	the	Matlab	script	created	in	part	(a)	to	extract	all	electric	charging	stations	(designated	
as	ELEC	in	the	fuel	type	code.		Provide	a	list	of	the	First	15	station	names	so	that	I	can	verify	that	the	
code	works.		

Figure	1.	Sample	Car	Power	Station	Data.

Figure	2.	Matlab	code	to	read	the	data	in	vector	form	
(independent	vectors	for	each	column).
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c)	Use	the	US	map	provided	in	assignment	7	to	plot	the	locations	of	the	electric	charging	stations.	
Label	them	with	a	red	marker.		

Figure	3.	Matlab	code	to	extract	the	electric	stations.	
The	bottom	section	shows	the	First	15	electric	stations.
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d)	Add	code	to	item	(b)	to	calculate	the	number	of	CNG	stations	in	the	data.	The	calculation	should	be	
done	in	code.	Display	the	answer	in	the	Command	window.	

Figure	4.	Matlab	code	to	plot	the	US	map.	The	data	was	extracted	from	an	
EPA	database.	It	is	clear	that	many	stations	do	not	have	the	correct	
latitude	and	longitude	coordinates.	I	used	a	red	+	marker	instead.
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e)	Add	code	to	item	(b)	to	calculate	the	number	of	electric	stations	in	the	state	of	New	York.	The	
calculation	should	be	done	in	code.	Display	the	answer	in	the	Command	window.	

Figure	5.	Matlab	code	to	calculate	the	number	of	CNG	stations.

Figure	6.	Matlab	code	to	calculate	the	number	of	stations	in	New	York.	Note	that	
I	used	a	combination	of	the	strcmp	command	and	the	&	command	in	Matlab	(&	
=	AND)	in	line	70	of	the	code.
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Problem	2	(40	points)		

The	Manning	equation	is	an	empirical	relationship	used	by	civil	engineers	to	estimate	the	Flow	
characteristics	inside	pipes	and	channels.	Figure	7	shows	a	simple	rectangular	channel.	

For	a	rectangular	channel,	the	following	formulas	apply.	

					 	 	 %	Area	of	the	Flow	(ft2)	

	 	 	 %	Wetted	perimeter	(ft)	

	 	 	 %	Hydraulic	radius	(ft)	

The	hydraulic	radius,	 	is	the	quotient	of	the	cross	sectional	area	to	the	wetted	perimeter,	 .	

The	basic	Manning	Equation	is:	

	

Where:	

	is	the	discharge	(cu.	feet	per	second)	

	is	the	hydraulic	radius	in	feet	(area	of	section	/	wetted	perimeter)	

	is	the	slope	of	the	pipe	(ft/ft)	

	is	the	cross-sectional	area	of	the	Flow	(ft2)	

	is	the	pipe	roughness	coefFicient	(see	table	below).	

a) Create	a	Matlab	script	to	estimate	the	values	of	A,	P,		and	R	given	the	dimensions	of	b	and	y	(in	
Figure	2).	Test	the	code	with	values	of	b=30	feet	and	y=6	feet.		

Figure	7.		Simple	Rectangular	
Channel.
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b) Add	code	to	part	(a)	to	estimate	Q	(discharge)	using	the	Manning	equation	given	all	four	
parameters	(A,	R,	S	and	n).	Test	the	script	for	a	concrete	rectangular	channel	with	the	
following	parameters:	S=0.002	ft/ft.	

c) 		

c)	Add	code	to	(a)	to	estimate	the	discharge	(Q)	for	values	of	slope	ranging	from	0.001	to	0.008	(ft/ft).	

Figure	8.	Code	to	estimate	the	area,	wetted	perimeter	and	hydraulic	radius.

Figure	9.	Code	to	estimate	the	discharge	(Q).
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D)	In	a	single	graph,	plot	the	values	of	discharge	(Q)	for	various	slopes.	

Figure	10.	Code	to	estimate	the	discharge	(Q)	for	various	slopes.
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Problem 3 (30 points) 

An	engineer	formulates	a	linear	programming	problem	to	estimate	the	number	of	tons	to	be	
produced	of	two	types	of	concrete	mixtures.	Figure	11	shows	the	initial	sketch	showing	a	delivery	
constraint	and	a	production	constraint.	Both	concrete	mixes	are	manufactured	with	the	same	
equipment.	The	standard	concrete	sells	for		$1,560	per	ton.	The	premium	concrete	sells	for	$1,635	
per	ton.	

a) Write	the	equations	of	the	linear	programming	problem.	Assume	the	company	wants	to	
maximize	the	revenue	for	the	company.		

Equations:	

Maximize	 	

Subject	to:	

	 	

	

	

b)	Solve	the	problem	using	Excel	Solver.	Tell	me	how	many	tons	of	each	concrete	type	should	be	
produced	to	maximize	the	proFit.	

Figure	11.		Graphical	Representation	of	Concrete	Production	and	Distribution.

Z = 1635x1 + 1560x2

1.6x1 + x2 < = 1700

1.15x1 + x2 < = 1450

x1, x2 > = 0
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c)	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.	

Adjust	the	constraint	equations	by	adding	one	slice	variable	for	each	constraint	equations.	

Max	 	

	

	

	

Table. Initial Tableau to Solve the Problem. 

The basic variables are x3, and x4. Non-basic variables are X1 and X2. Current solution for Z = 0. 

Step 2: Select pivot column (column with coefficient for X1 - in yellow). 

Figure	12.	Excel	Solver	Solution.	The	optimal	solution	is	x1=1450	and	x2=0.	
The	Objective	function	is	Z=$2,262,000.

Z − 1635x1 − 1560x2 = 0

1.6x1 + x2 + x3 = 1700

1.15x1 + x2 + x4 = 1450

x1, x2, x3, x4 > = 0

BV Z X1 x2 X3 X4 RHS

Z 1 -1635 -1560 0 0 0

X3 0 1.6 1 1 0 1700

X4 0 1.15 1 0 1 1450

BV Z X1 x2 X3 X4 RHS Ratio

Z 1 -1635 -1560 0 0 1

X3 0 1.6 1 1 0 1700 1062.5

X4 0 1.15 1 0 1 1450 1260.9
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Step 3: Select the pivot row as the one with the smallest ratio of RHS and picot column coefficients 
(row in yellow) 
Step 4: Perform row operations to zero all elements of pivot column. 

Second Tableau. 

Z=$1737188.5, x1 = 1062.5 and x4=228.125, X3 and x2 are zero. 

Perform the ratio test to determine the pivot row. 

Row operations on row 3. 

BV Z X1 x2 X3 X4 RHS Ratio

Z 1 -1635 -1560 0 0 1

X3 0 1.0 0.625 0.625 0 1062.500000000001062.5

X4 0 1.15 1 0 1 1450 1260.9

BV Z X1 x2 X3 X4 RHS

Z 1 0 -538.125 1021.875 0 1737188.5

X1 0 1 0.625 0.625 0 1062.5

X4 0 0 0.28125 -0.71875 1 228.125

BV Z X1 x2 X3 X4 RHS Ratio

Z 1 0 -538.125 1021.875 0 1737188.5

X1 0 1 0.625 0.625 0 1062.5 1700

X4 0 0 0.28125 -0.71875 1 228.125 811.11

BV Z X1 x2 X3 X4 RHS

Z 1 0 -538.13 1021.88 0.00 1737188.50

X1 0 1 0.63 0.63 0.00 1062.50

X4 0 0 1.00 -2.56 3.56 811.11
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Third Tableau 

Z=$2173769, x1 = 555.6 and x2=811.1. X3 and x4 are zero. 
The solution in the third tableau is not optimal. Coefficient of x3 is still negative so the solution 
can be improved. Introduce variable x3 into the solution and improve Z to reach optimality. The 
current solution of the third tableau is the intersection of the two constraint equation lines (see 
Figure 3). 
Perform ratio test to determine the pivot row. 

Take the lowest non-negative number of the ratio tests. X3 enters the BV set. X1 leaves the 
solution. 
Fourth Tableau. 

Solution in the fourth tableau is optimal. All Coefficients in the Z-row are positive or zero. 
Z=$2,262,183, x1 = 0 and x2=1450. x3=250 and x4 = 0. 
Note: slack variables (x3 or x4) can be positive in the optimal solution. 
The progression of each solution is shown in Figure 13. 

BV Z X1 x2 X3 X4 RHS

Z 1.00 0.00 0.13 -353.65 1913.78 2173769.06

X1 0.00 1.00 0.00 2.22 -2.22 555.56

X2 0.00 0.00 1.00 -2.56 3.56 811.11

BV Z X1 x2 X3 X4 RHS Ratio

Z 1.00 0.00 0.13 -353.65 1913.78 2173769.06

X1 0.00 1.00 0.00 2.22 -2.22 555.56 250.00

X2 0.00 0.00 1.00 -2.56 3.56 811.11 -317.39

BV Z X1 x2 X3 X4 RHS

Z 1.000 159.1 0.1 0.0 1,560.2 2,262,183.3

X3 0.000 0.5 0.0 1.0 -1.0 250.0

X2 0.000 1.2 1.0 -0.0 1.0 1,450.1



13

Figure	13.	Simplex	Method	solution.	The	optimal	solution	is	x1=1450	and	x2=0.	The	
Objective	function	is	Z=$2,262,000.
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