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Where do | find help
solving these Practice Problems?

FE Civil Practice Problems presents complete, step-by-step solutions for more than
460 problems to help you prepare for the Civil FE exam. You can find all the
background information, including charts and tables of data, that you need to solve
these problems in the FE Civil Review Manual

The FE Civil Review Manual may be obtained from PPI at ppi2pass.com or
feprep.com, or from your favorite print book retailer.
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Preface

The purpose of this book is to prepare you for the
National Council of Examiners for Engineering and Sur-
veying (NCEES) fundamentals of engineering (FE) exam.

In 2014, the NCEES adopted revised specifications for
the exam. The council also transitioned from a paper-
based version of the exam to a computer-based testing
(CBT) version, The FE exam now requires you to sit in
front of a monitor, respond to questions served up by
the CBT system, access an electronic reference docu-
ment, and perform your scratch calculations on a reu-
sable, no-erase notepad. You may also use an on-screen
calculator with which you will likely be unfamiliar. The
experience of taking the FE exam will probably be
unlike anything you have ever, or will ever again, expe-
rience in your career. Similarly, preparing for the exam
will be unlike preparing for any other exam.

The CBT FE exam presented three new challenges to
me when I began preparing instructional material for it.
(1) The subjects in the testable body of knowledge are
oddly limited and do not represent a complete cross
section of the traditional engineering fundamentals sub-
jects. (2) The NCEES FE Reference Handbook (NCEES
Handbook) is poorly organized, awkwardly formatted,
inconsistent in presentation, and idiomatic in conven-
tion. (3) Traditional studying, doing homework while
working towards a degree, and working at your own
desk as a career engineer are poor preparations for the
CBT exam experience.

No existing exam review book overcomes all of these
challenges. But, I wanted you to have something that
does. So, in order to prepare you for the CBT FE exam,
this book was designed and written from the ground up.
In many ways, this book is as unconventional as the exam.

This book covers all of the knowledge areas listed in the
NCEES Civil FE exam specifications. And, with the
exceptions listed in “How to Use This Book,” for better
or worse, this book duplicates the terms and variables of
the NCEES Handbook equations.

NCEES has selected, what it believes to be, ail of the
engineering fundamentals important to an early-career,
minimally-qualified engineer, and has distilled them into
its single reference, the NCEES Handbook. Personally, |
cannot accept the premise that engineers learn and use
so little engineering while getting their degrees and dur-
ing their first few career years. However, regardless of
whether you accept the NCEES subset of engineering
fundamentals, one thing is certain: In serving as your
sole source of formulas, theory, methods, and data

during the exam, the NCEES Handbook severely limits
the types of questions that can be included in the FE
exam.

The obsolete paper-based exam required very little
knowledge outside of what was presented in the previous
editions of the NCEES Handbook. That NCEES Hand-
book supported a plug-and-chug examinee performance
within a constrained body of knowledge. Based on the
current FE exam specifications and the NCEES Hand-
book, the CBT FE exam is even more limited than the
old paper-based exam. The number (breadth) of knowl-
edge areas, the coverage (depth) of knowledge areas, the
number of questions, and the duration of the exam are
all significantly reduced. If you are only concerned about
passing and/or “getting it over with” before graduation,
these reductions are all in your favor. Your only deter-
rents will be the cost of the exam and the inconvenience
of finding a time and place to take it.

Accepting that “it is what it is,” I designed this book to
guide you through the exam’s body of knowledge.

I have several admissions to make: (1) This book con-
tains nothing magical or illicit. (2) This book, by itself,
is only one part of a complete preparation. (3) This book
stops well short of being perfect. What do I mean by
those admissions?

First, this book does not contain anything magical. It’s
called a “practice problems” book, and though it will
save you time in assembling hundreds of practice prob-
lems for your review, it won't learn the material for you,
Merely owning it is not enough. You will have to put in
the “practice” time to use it.

Similarly, there is nothing clandestine or unethical
about this book. It does not contain any actual exam
questions. It was written in a vacuum, based entirely on
the NCEES Civil FE exam specifications. This book is
not based on feedback from actual examinees.

Truthfully, I expect that many exam questions will be
similar to the questions I have used because NCEES and
I developed content with the same set of constraints. (If
anything, NCEES is even more constrained when it
comes to fringe, outlier, eccentric, original topics.) There
is a finite number of ways that questions about Ohm's
law (V=1IR) and Newton's second law of motion
(F=ma) can be structured. Any similarity between
questions in this book and questions in the exam is
easily attributed to the limited number of engineering
formulas and concepts, the shallowness of coverage, and
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viii FE CIVIL PRACTICE PROBLEMS

the need to keep the entire solution process (reading,
researching, calculating, and responding) to less than
three minutes for each question.

Let me give an example to put some flesh on the bones.
As any competent engineer can attest, in order to calcu-
late the pressure drop in a pipe network, you would
normally have to (1) determine fluid density and viscos-
ity based on the temperature, (2) convert the mass flow
rate to a volumetric flow rate, (3) determine the pipe
diameter from the pipe size designation (e.g., pipe sched-
ule), (4) calculate the internal pipe area, (5) calculate the
flow velocity, (6) determine the specific roughness from
the conduit material, (7) calculate the relative roughness,
(8) calculate the Reynolds number, (9) calculate or
determine the friction factor graphically, (10) determine
the equivalent length of fittings and other minor losses,
(11) calculate the head loss, and finally, (12) convert the
head loss to pressure drop. Length, flow quantity, and
fluid property conversions typically add even more com-
plexity. (SSU viscosity? Diameter in inches? Flow rate in
SCFM?) As reasonable and conventional as that solution
process is, a question of such complexity is beyond the
upper time limit for an FE question.

To make it possible to be solved in the time allowed, any
exam question you see is likely to be more limited. In
fact, most or all of the information you need to answer a
question will be given to you in its question statement. If
only the real world were so kind!

Second, by itself, this book is inadequate. It was never
intended to define the entirety of your preparation
activity, While it introduces problems covering essen-
tially all of the exam knowledge areas and content in the
NCEES Handbook, an introduction is only an introduc-
tion. To be a thorough review, this book needs
augmentation.

By design, this book has four significant inadequacies.

1. This book is “only” 238 pages long, so it cannot
contain enough of everything for everyone. The num-
ber of practice problems that can fit in it are limited.
The number of questions needed by you, personally,
to come up to speed in a particular subject may be
inadequate. For example, how many questions will
you have to review in order to feel comfortable about
divergence, curl, differential equations, and linear
algebra? (Answer: Probably more than are in all of
the books you will ever own!) So, additional exposure
is inevitable if you want to be adequately prepared in
every subject.

2. This book does not contain the NCEES Handbook.
This book is limited in helping you become familiar
with the idiosyncratic sequencing, formatting, vari-
ables, omissions, and presentation of topics in the
NCEES Handbook. The only way to remedy this is
to obtain your own copy of the NCEES Handbook
(available in printed format from PPI and as a free
download from the NCEES website) and use it in
conjunction with your review.

3. This book is not a practice examination (mock exam.,
sample exam, etc.). With the advent of the CBT
format, any sample exam in printed format is little
more than another collection of practice questions.
The actual FE exam is taken sitting in front of a
computer using an online reference book, so the only
way to practice is to sit in front of a computer while
vou answer questions. Using an online reference is
very different from the work environment experi-
enced by most engineers, and it will take some get-
ting used to.

4. This book does not contain explanatory background
information, including figures and tables of data.
Though all problems have associated step-by-step
solutions, these solutions will not teach vou the
underlying engineering principles you need to solve
the problems. Trying to extrapolate engineering prin-
ciples from the solutions is like reading the ending of
a book and then trying to guess at the “whos, whats,
wheres, whens, and hows.” In other words, reviewing
solutions is only going to get vou so far if you don’t
understand a topic. To truly understand how to solve
practice problems in topics vou're unfamiliar with,
you'll need an actual review manual like the one PPI
publishes, the FE Civil Review Manual. In it, you'll
find all the “whos and whats” you were previously
missing and these problems’ “endings” will make
much more sense.

Third, and finally, I reluctantly admit that I have
never figured out how to write or publish a completely
flawless first (or, even subsequent) edition. The PPI
staff comes pretty close to perfection in the areas of
design, editing, typography, and illustrating. Subject
matter experts help immensely with calculation check-
ing. And, beta testing before you see a book helps
smooth out wrinkles. However, I still manage to muck
up the content. So, I hope you will “let me have it”
when you find my mistakes. PPI has established an
easy way for you to report an error, as well as to review
changes that resulted from errors that others have
submitted. Just go to ppi2pass.com/errata. When
yvou submit something, I'll receive it via email. When I
answer it, you’ll receive a response. We'll both benefit.

Best wishes in your examination experience. Stay in
touch!

Michael R. Lindeburg, PE
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To my granddaughter, Sydney, who had to share her
Grumpus with his writing, I say, “I only worked when
vou were taking your naps. And besides, you hog the
bed!”

Thank you, everyone! I'm really proud of what you've
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and effective in preparing them for the Civil FE exam.

Michael R. Lindeburg, PE

PPl # www.ppi2pass.com




How to Use This Book

This book is written for one purpose, and one purpose
only: to get you ready for the FE exam. Because it is a
practice problems book, there are a few, but not many,
ways to use it. Here's how this book was designed to be
used.

GET THE NCEES FE REFERENCE
HANDBOOK

Get a copy of the NCEES FE Reference Haﬂdbook
(NCEES Handbook). Use it as you solve the problems
in this book. The NCEES Handbook is the only reference
you can use during the exam, so you will want to know
the sequence of the sections, what data are included,
and the approximate locations of important figures and
tables in the NCEES Handbook. You should also know
the terminology (words and phrases) used in the
NCEES Handbook to describe equations or subjects,
because those are the terms you will have to look up
during the exam.

The NCEES Handbook: is available both in printed and
PDF format. The index of the print version may help
you locate an equation or other information you are
looking for, but few terms are indexed thoroughly. The
PDF version includes search functionality that is similar
to what you'll have available when taking the computer-
based exam. In order to find something using the PDF
search function, your search term will have to match the
content exactly (including punctuation),

There are a few important differences between the ways
the NCEES Handbook and this book present content.
These differences are intentional for the purpose of
maintaining clarity and following PPI's publication
policies.

e pressure: The NCEES Handbook primarily uses P for
pressure, an atypical engineering convention. This
book always uses p so as to differentiate it from P,
which is reserved for power, momentum, and axial
loading in related chapters.

e velocity: The NCEES Handbook uses v and occasion-
ally Greek nu, v, for velocity. This book always uses
v to differentiate it from Greek upsilon, v, which
represents specific volunie in some topics (e.g., ther-
modynamics), and Greek nu, v, which represents
absolute viscosity and Poisson’s ratio.

e specific volume: The NCEES Handbook uses v for
specific volume. This book always uses Greek

upsilon, v, a convention that most engineers will be
familiar with.

® units: The NCEES Handbook and the FE exam gen-
erally do not emphasize the difference between
pounds-mass and pounds-force. “pounds” (“1b”) can
mean either force or mass. This book always distin-
guishes between pounds-force (I1bf) and pounds-mass
(Ibm).

WORK THROUGH EVERY PROBLEM

NCEES has greatly reduced the number of subjects
about which you are expected to be knowledgeable and
has made nothing optional. Skipping your weakest sub-
jects is no longer a viable preparation strategy. You
should study all examination knowledge areas, not just
your specialty areas. That means you solve every prob-
lem in this book and skip nothing. Do not limit the
number of problems you solve in hopes of finding encugh
problems in your areas of expertise to pass the exam.

The FE exam primarily uses SI units. Therefore, the
need to work problems in both the customary U.S. and
SI systems is greatly diminished. You will need to learn
the SI system if you are not already familiar with it.

BE THOROUGH

Being thorough means really doing the work. Some
people think they can read a problem statement. think
about it for ten seconds, read the solution, and then say,
“Yes, that’s what | was thinking of, and that’s what 1
would have done.” Sadly, these people find out too late
that the human brain doesn’t learn very efficiently that
way. Under pressure, they find they know and remem-
ber very little. For real learning, you'll have to spend
some time with a stubby pencil.

There are so many places where you can get messed up
solving a problem. Maybe it's in the use of your calcu-
lator, like pushing log instead of In, or forgetting to set
the angle to radians instead of degrees, and 50 or.
Maybe it’s rusty math. What is In(e*) anyway? How
do you factor a polynomial? Maybe it's in finding the
data needed or the proper unit conversion. Maybe
you're not familiar with the SI system of units. These
things take time. And you have to make the mistakes
once so that you don't make them again.

If you do decide to get your hands dirty and actually
work these problems, you'll have to decide how much
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reliance you place on this book. It's tempting to turn to
a solution when you get slowed down by details or
stumped by the subject material. It's tempting to want
to maximize the number of problems you solve by
spending as little time as possible solving them. How-
ever, you need to struggle a little bit more than that to
really learn the material.

Studying a new subject is analogous to using a machete
to cut a path through a dense jungle. By doing the work,
vou develop pathways that weren't there before, It's a
lot different than just looking at the route on a map.
You actually get nowhere by looking at a2 map. But cut
the path once, and you're in business until the jungle
overgrowth closes in again. So do the problems—all of
them. And, don’t lock at the solutions until vou've
sweated a little.
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1. To find the width of a river, a surveyor sets up a
transit at point C on one river bank and sights directly
across to point B on the other bank. The surveyor then
walks along the bank for a distance of 275 m to point A.
The angle CAB is 57° 28'.

—_— “\B
T __‘-\‘-—____—————..
—
‘_-_J-_-D
57°28'
— ——" ——
c , A
276 m

What is the approximate width of the river?
(A) 150 m
(B) 230 m
(C) 330m
(D) 430 m

2. In the following illustration, angles 2 and 5 are 90°,
AD=15, DC =20, and AC =25,

s

C

£2|5\
B

What are the lengths BC and BD, respectively?
(A) 12 and 16
{B) 13 and 17
(C) 16 and 12
(D) 18 and 13

Analytic Geometry and
Trigonometry

3. What is the length of the line segment with slope 4/3
that extends from the point (6,4) to the y-axis?

4. Which of the following expressions is equivalent to
sin 267

(A) 2sinflcosf

(B) cos®8 —sin>6

(C) sinfcosh

(D) 1= (;os 20

&

5. Which of the following equations describes a circle
with center at (2,3) and passing through the point
(=3, —4)?

(A) (z43)°+(y+4)° =85
(B) (z+3)°+ (y+2)* =74
(C) (z-3)*+(y—2)°=T4
(D) (z—2)*+ (y—3)*="74

6. The equation for a circle is %+ 4z+y* +8y=0.
What are the coordinates of the circle’s center?

(A) (‘43_8)
(B) (-4,-2)
(C) (-2,-4)
(D) (21 "_'l)

7. Which of the following statements is FALSE for all
noncircular ellipses?

(A) The eccentricity, e, is less than one.
(B) The ellipse has two foci.

(C) The sum of the two distances from the two foci
to any point on the ellipse is 2a (i.e., twice the
semimajor distance).

(D) The coefficients A and C preceding the #* and ¢
terms in the general form of the equation are
equal.

PPl ©¢# www.ppi2pass.com
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8. What is the area of the shaded portion of the circle
shown?

®) (3)6r-3)

50m
(R

(D) 497 - V3

8. A pipe with a 20 cm inner diameter is filled to a
depth equal to one-third of its diameter. What is the
approximate area in flow?

(A) 33 cm®
(B) 60 cm®
(C) 92 cm?
(D) 100 cm?

10. The equation y= a, + a7z is an algebraic expression
for which of the following?

(A) a cosine expansion series
(B) projectile motion

(C) a circle in polar form
(D) a straight line

11. For the right triangle shown, z =18 cm and

y =13 cm.
%}’:‘mcm
i}

x="18¢cm

Most nearly, what is csc 67
(A) 0.98
(B) 1.2
Q) 1.7
(D) 15

12. A circular sector has a radius of 8 cm and an arc
length of 13 cm. Most nearly, what is its area?

(A) 48 cm®
(B) 50 cm?
(C) 52 cm®
(D) 60 cm®

13. The equation —32° — 4y* = 1 defines
(A) a circle
(B) an ellipse
(C) a hyperbola
(D) a parabola

14. What is the approximate surface area (including
both side and base) of a 4 m high right circular cone
with a base 3 m in diameter?

(A) 24 m®
(B) 27 m®
(C) 82 m?
(D) 36 m®

15. A particle moves in the oy plane. After ¢ s, the a-
and p-coordinates of the particle’s location are
z = 8sint and y = 6 cost. Which of the following equa-
tions describes the path of the particle?

(A) 362+ 6437 =2304
(B) 362°— 6437 = 2304
(C) 6427+ 36y =2304
(D) 642° — 36y° = 2304

PPl @¢# www.ppli2pass.com




ANALYTIC GEOMETRY AND TRIGONOMETRY 1...3

SOLUTION

1. Use the formula for the tangent of an angle in a right
triangle.

tand = BC/AC
BC = ACtanf = (275 m)tan 57° 28’
=431.1m (430 m)
The answer is (D).

2. For right triangle ABD,
(BD)® + (AB)? = (15)?
(BD)’ = (15)* — (AB)’
For right triangle DBC,
(BD)? + (25 — AB)? = (20)°
(BD)? = (20) — (25 — AB)?
Equate the two expressions for (BD)Q.
(15)2 — (AB)? = (20)? — (25)* + 50(AB) — (AB)®

_ (15)° — (20)* + (25)° _
AB= 5 =9

BC=25-AB=25-9=16
(BD) = (15) - (9)*
BD = 12

Alternatively, this problem can be solved using the law
of cosines.

The answer is (C).
3. The equation of the line is of the form
y=mz+b

The slope is m=4/3, and a known point is
(z,y)=(6,4). Find the yintercept, b.

4= (5)(6) +
b=4 - (3)(6) = —4
The complete equation is
y=3r-4
b is the yintercept, so the intersection with the y-axis is

at point (0,—4). The distance between these two
points is

d= /(o — 9 + (@2 — )’

= (4= (-9)* + (6 - 0
=10

The answer is (A).

4. The double angle identity is
sin28 = 2sinfcos b

The answer is (A).

Mathematics

5. Substitute the known points into the center-radius
form of the equation of a circle.

The equation of the circle is
(z-2+(y-3)°="74

(r® = T4. The radius is v/74.)

The answer is (D).

6. Use the standard form of the equation of a circle to
find the circle’s center.

2 + 4+ 1P +8y=0
+4z+4+y2+8y+16=4+16
(z+2)°%+(y+4)>*=20
The center is at (-2, —4).

The answer is (C).

7. The coefficients preceding the squared terms in the
general equation are equal only for a straight line or
circle, not for a noncircular ellipse.

A? + Bzy+ Cy* + Dz + Ey+ F=0

The answer is (D).

8. The area of the circle is

L _ (1znoy (2R rad) _ Sm
@--(100]( 360°)P 5 rad
A= (¢ —sin @)
2
2O . On
- (7) (F_Sm_(j—)
2

-(DE-I

The answer is (B).
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9. Find the angle ¢.

ST en,

N

# = 2{arccos{(r — d)/r]}
10 em — 6.67 cm)
10 cm

=2 arccos(
= 2.462 rad
Find the area of flow.
A= [r%(¢ —sin$)|/2
(10 crn)2(2.46 rad — sin(2.462 rad})

=91.67 cm? (92 cm?)

The answer is (C).

10. y=mz+ b is the slope-intercept form of the equa-
tion of a straight line. ¢, and ay are both constants, so
y=ay + apx describes a straight line,

The answer is (D).

11. Find the length of the hypotenuse, r.

r=vat+yt = \/(18 em)? + (13 em)? = 22.2 cm

Find esc 6.

22.2 em -1
13 cm

cscl@=r/y=
The answer is (C).
12, Find the area of the circular sector.

_ (13 em)(8 cm)

A=sr/2= > = 52 cm?

The answer is (C).

13. The general form of the conic section equation is
AZ? + Bzy+ Cy* + Dz + Ey+ F =0

A=-3, C=—-4, F=-1, and B=D=E=0. 4 and C
are different, so the equation does not define a circle.
Calculate the discriminant.

B? —4AC = (0)° — (4)(-3)(—4) = —48
This is less than zero, so the equation defines an ellipse.

The answer is (B).

14. Find the total surface area of a right circular cone.
The radius is r = /2 =3 m/2 = 1.5 m.

A = side area + base area = n:'r(r + /24 hg)

=n(l.5 m)(l.s m -+ VI(I.S m)* + (4 m)g)

=272m* (27 m?

The answer is (B).

15. Rearrange the two coordinate equations.

sint =

D olR

cost =

Use the following trigonometric identity.

gin? B+ cos’ =1
3

@'

To clear the fractions, multiply both sides by
(8)* x (6)* = 2304.

3622 + 643* = 2304

The answer is (A).
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1. What is the name for a vector that represents the
sum of two vectors?

(A) scalar
(B) resultant
(C) tensor

(D) moment

2. The second and sixth terms of a geometric progres-
sion are 3/10 and 243/160, respectively. What is the
first term of this sequence?

(A) 1/10
(B) 1/5
(C) 3/5
(D) 3/2

3. Using logarithmic identities, what is most nearly the
numerical value for the following expression?

logs 3 + logs 12 — logs 2

(A) 0.95
(B) 1.33
(C) 2.00
(D) 2.20

4. Which of the following statements is true for a power
series with the general term a;2'?

I An infinite power series converges for z < 1.

I Power series can be added together or subtracted
within their interval of convergence.

II.  Power series can be integrated within their inter-
val of convergence.

(A) T only
(B) 1I only
(C) Iand III
(D) II and III

Algebra and Linear Algebra

5. What is most nearly the length of the resultant of the
following vectors?

3i + 4j - 5k
7i+2j + 3k
—16i — 14j + 2k
(A) 3
(B) 4
(C) 10
(D) 14

6. What is the solution to the following system of gimul-
taneous linear equations?

10z+3y+10z=5
8z—-2y+9z=3
8z+y—10z=7

(A) z=0.326; y=-0.192; 2=0.586
(B) z=0.148; y=1.203; 2=0.099
(C) z=0.625; y=0.186; z=—0.181
(D) =0.282; y=—1.337; z=—0.131

7. What is the inverse of matrix A7

o]

[2 &
(A) E 1]
(3 2
(B) E J
© I 4 —3]
-1 2
(D) [ -1 3}
L1 -2)

PPl ©# www.ppiZ2pass.com
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8. If the determinant of matrix A is —40, what is the
determinant of matrix B?

$ 8 & 1 2 15 1 05
01 2 -1 f: 1.2 =3
A= B=
5§ ~1 1 2 8 =1 1
11 1 3 1 1 1 2
(A) —80
(B) —40
(C) —20
(D) 0.5

9. Given the origin-based vector A =i+ 2j+ k, what is
most nearly the angle between A and the r-axis?

(A) 22°
(B) 24°
(C) 66°
(D) 80°

10. Which is a true statement about these two vectors?

A=i+2j+k
B=i+3j-7k

(A) Both vectors pass through the point (0, —1,6).
(B) The vectors are parallel.

(C) The vectors are orthogonal.

(D) The angle between the vectors is 17.4°.

11. What is most nearly the acute angle between vec-
tors A =(3,2,1) and B =(2,3,2), both based at the
origin?

(A) 25°

(B) 33°

(C) 35°

(D) 59°

12. Force vectors A, B, and C are applied at a single
point.

A=i+3j+4k
B=2i+7j-k
C=-i+4j+2

What is most nearly the magnitude of the resultant
force vector, R?

(A) 13
(B) 14
(C) 15
(D) 16

"y

13. What is the sum of 12 + 137 and 7 — 947
(A) 19 =224
(B) 19 + 4y
(C) 25-22j
(D) 25 + 45

14. What is the product of the complex numbers 3 + 47
and 7 247

(A) 10+25

(B) 13+ 225

(C) 13+34;

(D) 294225
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ALGEBRA AND LINEAR ALGEBRA

2-3

1. By definition, the sum of two vectors is known as the
resultant.

The answer is (B).

2. The common ratio is

The term before 3/10 is

apy = =1/5

3

10
3

2

The answer is (B).

3. Use the following logarithmic identities.
logzy=logz+logy
logz/y=logz—logy

Qu
2

= logs 9

logs g+ logs 12 — logs 2 = logy

Since (3)° =9,
logs 9 = 2.00

The answer is (C).

4. Power series can be added together, subtracted from
each other, differentiated, and integrated within their
interval of convergence. The interval of convergence is
=} @rl,

The answer is (D).

5. The resultant is produced by adding the vectors.

31 + 4j - 5k
i+ 2j 4+ 3k
—161 — 14j + 2k
—6i — 8j + Ok

The length of the resultant vector is

IR| = \/(6)° + (=8)° + (0)*
= 10

The answer is (C).

6. There are several ways of solving this problem.

AX=B

ro 3 107 (= 5
[8 =2 9] y|l=138

R 1 =10 z 7
AA'X=A"B
IX=A"'B
X=A"B

r11 20 47

806 403 806
76 -90 =5 |4

X=|73 T3 03
12 7 =22
1203 403 403

6)(as) + 02 + M)
- o + @) + 0GR
(2 + Ok + 0
r 0.625

= 0.186
| —0.181

(Direct substitution of the four answer choices into the
original equations is probably the fastest way of solving
this type of problem.)

The answer is (C).

7. Find the determinant.

[Al=2x1-1%x3=-1

The inverse of a 2 x 2 matrix is

by —ap
=1 Rdj':A)_.—bl )
ATETAT T A
1 =37
s 8
o
-1 3
P[ 1 -2

The answer is (D).

PPl ¢ www.ppi2pass.com
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8. The first row of matrix B is half that of A, and the
other rows are the same in A and B, so the determinant
of B is half the determinant of A.

The answer Is (C).

9. The magnitude of vector A is

Al = /(1) + (2P + (1 = VB

y

(1.2.1)

\B

/1

The z-component of the vector is 1. so the direction
cosine is

cosfy =

éﬂlH

The angle is

8 = cos~! (\%fé) —650° (66°)

The answer s (C).

10. The magnitudes of the two vectors are

A= /(1P + @° + (1) = V6

[Bl = /(1) + (@) + (=7 = V&8

The angle between them is

_fasby, +a,b, + a.b,
s 1( Al )
— et (D) + (2)(3) + (1)(—7))
Ccos ( \/6 5

= 90°

The vectors are orthogonal.
The answer Is (C).

11. The angle between the two vectors is

- (23)

ATB]
] c"bl"!'ayby"'azbz
ot (S T)
_— (3)@) +()3) + (1))

VO + (@7 + (122 + 37 + 2
=24.8° (25°)

The answer is (A).

12. The magnitude of R is

Ri= /@ +2-12+ (347447 +(4-1+2)
= /A4 + 196 + 25
- V3%
=15

The answer is (C).

13. Add the real parts and the imaginary parts of each
complex number.

(a+jb)+(c+jd)=(a+c)+3(b+d)
(124 135) + (7= 95) = (12 + 7) + 5{13 + (-9))
=19 +4j

The answer is (B).

14. Use the algebraic distributive law and the equiva-
lency % = —1.

(a+ 7b)(c+ jd) = (ac — bd) + j(ad + be)

(34 45)(7 — 24) = 21 — 8% + 287 — 65
=21 + 8 + 28§ — 65
=29 +22j

The answer is (D).
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Calculus

PRACTICE PROBLEMS

1. Which of the following is NOT a correct derivative?
(A) 4 cosr=—sinz
dz
d 3 2
®) L(1-2)=-301-2
d 1 1
(0 Bk
() drz 2
(D) Ed; cscr = —cotz
2. V\"h{z;at is the derivative, dy/dr, of the expression
ry—e =siny?
y ) a2T
& 7=
% — cosy
(B) e — 2zy
—Ccos Yy
© 2&2’ - 2zy
(D) z* —cosy
3. What is the applommate area bounded by the curves
y=8—2% and y= -2+ 27
(A) 22
(By 27
(C) 30
(D) 45
4, What are the minimum and maximum values,

respectively, of the equation f(z) =52 — 222+ 1 on the
interval [—2,2]?

(A) —47,33
(B) —4,4

(C) 0.95,1
(D) 0,0.27

5.
L.

IL.

III.

Iv.

In vector calculus, a gradient is a

vector that points in the direction of the rate of
change of a scalar field

vector whose magnitude indicates the maximum
rate of change of a scalar field

scalar that indicates the magnitude of the rate of
change of a vector field in a particular direction

scalar that indicates the maximum magnitude of
the rate of change of a vector field in any partic-
ular direction

(A) T only
(B) III only
(C) Iand II
(D) III and IV

Which of the illustrations shown represents the vec-

tor field, F(z, y) = —yi + 23?

(A)
L
N7
2N
(B)
|4
s L
T_,_x
(C)
¥
F N
N[
(D)
Y
N\
AR

PPl ©» www.ppi2pass.com
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7. A peach grower estimates that if he picks his crop
now, he will obtain 1000 lugs of peaches, which he can
sell at 81.00 per lug. However, he estimates that his crop
will increase by an additional 60 lugs of peaches for each
week that he delays picking, but the price will drop at a
rate of $0.025 per lug per week. In addition, he will
experience a spoilage rate of approximately 10 lugs for
each week he delays. In order to maximize his revenue,
how many weeks should he wait before picking the
peaches?

(A) 2 weeks

(B) 5 weeks

(C) 7 weeks

(D) 10 weeks

8. Determine the following indefinite integral.

B +z+4
deI

ke

(A) §+1n1zf-§+c
(B) :2§+logx~8m+0
(C) %E+1n|m|-52§+0
(D) %2+ln]:c[—§+0

9. Find dy/dx for the parametric equations given.

=2t -1t
y=1-2t+1
(A) 3¢
(B) 383/2
(C) 4t—1

(D) (3 ~2)/(4t—1)
10. A two-dimensional function, flz, y), is defined as
flzy) =20 - +3z-y

What is the direction of the line passing through the
point (1, —2) that has the maximum slope?

(A) 4i+2j
(B) 7i+3j
(C) Ti+4j
(D) 9i—7j

11. Evaluate the following limit.

lim 2 -4
=2\ £~ 2

12. If f(z, y) = 24" + 23" + sin 24 cos® z+ sin® y, what is
af/ex?

(A) (2z+ )y’ + 3sin® ycos y

(B) (dz— 31z + 3sin ycos y

(C) (3z+43%)ay+3sin® ycosy

(D) (2z+y)y® + (1 —2sinz)cos z

13. What is dy/dz if y= (22)™7
(A) (22)"(2 + In22)
(B) 2z(1 +In2z)"
(C) (22)"(In2z%)
(D) (22)"(1 +1n2z)

PPI # www.ppli2pass.com
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SOLUTIONS

1. Determine each of the derivatives.

% cosr= —sinz [OK]

L (1-2'= @1 - 9%(-1) = (-3)(1 -2 [0K

d 1_. i == 7 o oy ;1 :
ez % =(=DET)=— [OK]
k] cscr= —cotz [incorrect]
dz '
The answer is (D).

2. Since neither z nor y can be extracted from the
equality, rearrange to obtain a homogeneous expression
in zand y.
22y — e¥ =siny
f(z,9) = 2Py — € —siny =0

Take the partial derivatives with respect to z and y.

af(Ir y] _— — 2r
o o 2zy — 2e

8f(a‘:, y) 2

—— =1

Oy
Use implicit differentiation.

~0f(z, y)
Oy _ oz
0z 9f(z,y)
dy

—cosy

2% - 2ay
72 —cosy

The answer is (B).

3. Find the intersection points by setting the two func-
tions equal.

24+ 22=8—-1°

22% = 10
< i\/g
d -2+ x?
| |
| -
V5 V5

The integral of f:(z) — fo(x) represents the area between

the two curves between the limits of integration. 2
2 S
. £
A—/ (fi(z) = fo(z))dz .
Eal :c_.
/5 (1]
:/ (8 —a*) = (=2+12%))dz o
-5
ﬁ 9
= (10 - 22°)dzx
-5

=298 (30)

The answer is (C).

4. The critical points are located where the first deriv-
ative is zero.

flz) =52 - 222 + 1

f(z) =152 — 4z
152% — 4z=10
z(152—-4)=0

z=0 or z=4/15

Test for a maximum, minimum, or inflection point.

f'(0) = (30)(0) — 4
= —4

f(a)< 0 [maximum]

nf 4y _ 4y

7'(35) = 40(35) - 4

=4

f'(a) >0 [minimum]

These could be a local maximum and minimum. Check

the endpoints of the interval and compare with the
function values at the critical points.

f(=2) = (5)(-2)° - (2)(-2)* + 1 = —47
@) =06)2°-(2)(2)°+1=33
0y = (5)(0)* = (2)(0)* +1 =1

) =0 -@F) +
=095

The minimum and maximum values of the equation,
—47 and 33, respectively. are at the endpoints.

The answer is (A).
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5. A gradient, such as the slope of a straight line, is a
pure number. It is not a vector, and it indicates no
direction. However, it is understood that the rate of
change of the dependent variable is always with respect
to increases in the independent variables. In that sense,
the gradient indicates the rate of change of the depen-
dent variable in a particular direction. Except for
straight lines, the gradient depends on the values of
the independent variables (i.e., on the location). A value
for a particular location may or may not be the max-
imum possible value over the entire range of indepen-
dent variable values.

The answer is (B).

6. From —yi, it can be concluded that for

(a) positive values of y, the vector field points to the
left, and

(b) negative values of y, the vector field points to the
right.

From +zj, it can be concluded that for

(a) positive values of z, the vector field points upward,
and

(b) negative values of z, the vector field points
downward.

The answer is (C).
7. Let r represent the number of weeks.
The equation describing the price as a function of time is

price
lug

= §1 — $0.025z

The equation describing the yield is

lugs sold = 1000 + (60 — 10}z
= 1000 + 50«

The revenue function is
__ { price .
R= (—Iug )(lugs sold)
= (1 — 0.0252)(1000 + 50z)
= 1000 + 50z — 25 — 1.25z°
= 1000 + 25z — 1.2522

To maximize the revenue function, set its derivative

equal to zero.

dR
—= 98 =R 5=
= 5 br=20

z =10 weeks

The answer is (D).

8. Separate the fraction into parts and integrate
each one.

/«’ﬂ“"ﬁ“ ?:—/—tf +/ﬂ—d3:+/—d'r
:/zd:ﬂ-&-/—dx-l-f-l/—_,dx
T z2
2 o el vk 72
= nlz| ( ] +

=L+ Inll —§—+ c
The answer is (D).

9. Calculate the derivatives of z and y with respect to £.

dy

il SR S
T 3 2
dz _ 4,
dt—‘h 1

The derivative of y with respect to z is

dy
dy _ dt
dz
dat
_ 3 -7
T o4t-1

The answer is (D).

10. The direction of the line passing through (1,-2)
with maximum slope is found by inserting z=1 and
y = —2 into the gradient vector function.

The gradient of the function is

8f(r,1.2),  Of(z.y.2),  Of(z.3,2)
{7 2 — -
v \st"'. 2.') 8.‘13 1+ ay J 62: k
028" —y* +3z—y).,
= i
dz
L0022 - +3z-3).
oy .
= (dz+3)i — (2y + 1}j
At (1,-2),
VF(1,-2) = ((4)(1) +3)i — ((2)(-2) + 1)j

=Ti+3j

The answer is (B).
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CALCULUS

11. The expression approaches 0/0 at the limit.

(2’-4_o0
2-2 0
Use L'Hoépital's rule.
d, 2 :
2 - (2" —4)
tim (£=2) = lim | 2——— | = 1im (%)
=2\ r—2 z—2 d 2) —2\1
=2
_(2)(2)
ol

This could also be solved by factoring the numerator.

The answer is (C).

12. The partial derivative with respect to z is found by
treating all other variables as constants. Therefore, all
terms that do not contain z have zero derivatives.

g—i= 22y + y' + cosz + 2 cos z(—sin z)
= (2z+y)y® + (1 — 2sinz)cos z

The answer is (D).

13. From the table of derivatives,

D(f(z))" = g(z) (f(2))*” ' Df(z)
+In(f(2)) (f(2) "' Dy(z)

f(@) = 2
glz)=2

d(2$)r . —1 T &

e z(2z)" (2) + (In2x)(22)"(1)

= (22)° + (2z)° In2z
= (22)*(1 + In22)

The answer is (D).

PPl ¢ www.ppi2pass.com
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Differential Equations
and Transforms

Mathematics

PRACTICE PROBLEMS . 5. What is the complementary solution to the following
differential equation?

1. What is the solution to the following differential

o -
it y' — 4y +Zy = 10cos8z
Y +5y=0
(A) y=5z+C (A) y=2C1z+ 02&”—5033
(B) y=Ce™™* (B) y = C1€% + Che™®
(C) y=Ce* (C) y= C,c*cos1.5z+ Cre¥sinl.5z

(D) either (A) or (B) (D) y= Cie*tanz + Cre"cotz
6. What is the general solution to the following differ-

2. What is the solution to the following linear difference ential equation?

equation?
(k+ 1) (y(k + 1)) — ky(k) =1 St y=0
(A) y(k)=12 _% (A) y=e %I(Cl COBJQLEI-I- Chsin -‘:,—Ex)
(B) (k) =1 '}‘kg B) y= F'%I(Cl cosfz + O siniz)
(C) ylk) =12+ 3k (C) y= e—~r(01 cos%x + C» sin%x)
(D) y= e *(Cycosiz+ Casinix)

1
(D) y(k) =3+1
7. What is the solution to the following differential
3. What is the general solution to the following differ- equation if z=1 at t=0, and dz/dt=0 at ¢=0?
ential equation?
d*z

]
2(%)~4(3y)+4y-0 2 de 4dt+8 s
(A) z= e +4tet
(A) y= Cicosz+ Cysinz B e e Mt i) 43
(B) e Clez—i— C!e_s (C) o= H +4te—4t+5
(C) y=e*(Cycosz — Cysinz) (D) .= Je-t -I-Ste‘“ 4
(D) y= €*(C, cosz + Cssinz)

8. In the following differential equation with the initial
4. What is the general solution to the following differ- condition 2(0) = 12, what is the value of 2(2)?
ential equation?

d’y  ,dy L
PP +2(—£~+2y 0 =+ z=0
(A) y= Cysinz - Cycosz (A) 34x107°
(B) y= Cicosz — Cssinzx (B) 4.0x 107
(C) y= Cycosz+ Cysinz (C) 5.1 x107?
(D) y=e™*(Cycosa+ Cysinz) (D) 6.2 x 1073
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9. What are the three general Fourier coefficients for
the sawtooth wave shown?

flt)

b~

=
o
2
>
@
3
o
=
o
@

-1

A = = b:—
( ) =0, a 0, by o,
1 -1

B] G ol =
(B) a 5 @ 0, & e
(@) ap=1; ap=1, bu=—1
mn

o 1 1

(D) @ﬂ—za On 5 b _Tt?'l

10. The values of an unknown function follow a Fibo-
nacci number sequence. It is known that f(1)=4 and
f(2)=1.3. What is f(4)?

(A) —4.1
(B) 0.33
ey 5y
(D) 6.6

SOLUTIONS

1. This is a first-order linear equation with characteris-
tic equation r+5=0. The form of the solution is

yi= Qg™
In the preceding equation, the constant, €, could be
determined from additional information.

The answer is (B).

2. Since nothing is known about the general form of
y(k), the only way to solve this problem is by trial and
error, substituting each answer option into the equation
in turn. Option B is

, 42
y(rﬂ} =1 ?
Substitute this into the difference equation.
(k+1)(y(k+1)) - k(y(k) =1

(k+1)(1-£-1)—k(1—%)=1

G DS -4 -

k+1-12-Fk412=1
=1
y(k) =1—12/k solves the difference equation.
The answer is (B).

3. This is a second-order, homogeneous, linear differen-
tial equation. Start by putting it in general form.

¥ +2ay +by=10
2y — 4y +4y=10
y' —2¢y +2y=10
a=—2
b=2
Since a’ < 4b, the form of the equation is

y=e"({C;cosfz+ Cysin3,)

-a -2
= —=—=1
=3

2
Vb — a?

y= e"(Cycosa+ Cysinr)

The answer is (D).
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DIFFERENTIAL EQUATIONS AND TRANSFORMS 4-3

4. The characteristic equation is
rP+2r+2=0
a=2
D=3

The roots are

—atVa?-4b

Tig= D)

-2+ 41/(2)° - (4)(2)

2
e Ry

Since @ < 4b, the solution is

y= e**(C, cos Bz + Cysin f8z)

.. P

2 2
s V=2 _ VW@ -’
AU 2

=i
y=e*(Ccosz+ Cysinz)
The answer is (D).

5. The complementary solution to a nonhomogeneous
differential equation is the solution of the homogeneous
differential equation.

The characteristic equation is

rP+ar+b=0

9 25
2 _4r+22=0
r all o 1
So, a=—4, and b=25/4.
The roots are
B —at Va2 -4b
2=
o TN 25
= e - ()
- 2
= 2 F1.54

Since the roots are imaginary, the homogeneous solution
has the form of

y= e (C; cos z + Cysin Fx)
=2
A= 15

The complementary solution is

y= €2(Cycos1.5z+ Cysin1.5z)

= Ci1e¥cos 1.50+ Che**sin 1.5z

»
3}
—
@
=
[+}]
i
i
m©
=

The answer is (C).

6. This is a second-order, homogeneous, linear differen-
tial equation with a = b = 1. This differential equation
can be solved by the method of undetermined coefficients
with a solution in the form y = Ce™. The substitution of
the solution gives

(P +ar+bCe™ =0

Because C'e"™® can never be zero, the characteristic equa-
tion is

P4+ar+b=0
Because a* = 1 < 4b = 4, the general solution is in the

form

y = () cos fz + Cysin fz)

Then,
a=-—-a/2=-1/2

@_a:€mm-ufzﬁ

b= 2 2 2

Therefore, the general solution is

1
y=¢e?2" (C’l cos @m + (' sin @m)

The answer is (A).
7. Multiplying the equation by 2 gives
7 + 8z + 16z =10
The characteristic equation is
r? 4+ 8r+16 =10
The roots of the characteristic equation are
r=rp=-4
The homogeneous (natural) response is

4t =
Tnatueal = A€ 4 + Bte 4

PPl ©# www.ppi2pass.com




4-4 FE CIVIL PRACTICE PROBLEMS

By inspection, z=5/8 is a particular solution that solves
the nonhomogeneous equation, so the total response is

=
B
3 z=Ae" + Bte™" + 1§
a [}
2
= ince z=1 at t=0,
w
1= A +3
A=3

Differentiating z,
' =Y—4)e ! + B(-4te™ + M) + 0

Since ' =0 at t=0,

0= -4+ B(0+1)

B=1

s=3eH 4 et 4 4
The answer is (D).

8. This is a first-order, linear, homogeneous differential
equation with characteristic equation r+4=20.

z' +4z=10
E=ipye¥
z(0) = zg el=4{0)
=12
T9 =12
r=s12e®
7(2) = 12&-92)
=138
=4.03 x 107% (4.0 x 107%)

The answer is (B).

9. By inspection, f(¢) = ¢, with the period T = 1. The
angular frequency is

wn = = 1 =
The average is
/ ! Loaf® 1
ﬂg=(1/T)ff[£)dﬁ=(1/T)/ tﬂ'ﬁ=—t2 =_—‘-0
0 2 |, 2
0

1
2

The general a term is

7
ar = (2/T) /f(t} cos (nwyt)di
‘0

1
= 2/ t cos(2nnt)dt
r:.

=0

The general b term is

by = (2/T) | f(t)sin{nwqt)dt

=T

1
= 2/ tsin(2nnt)dt
0

The answer is (B).

10. The value of a number in a Fibonacci sequence is
the sum of the previous two numbers in the sequence.

Use the second-order difference equation.

fB)=f(k=1)+ f(k-2)

fB)=f2)+f(1)=13+4
=53

Fd)=f3)+ f(2)=53+13
= 6.6

The answer is (D).
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PRACTICE PROBLEMS

1. What is the approximate probability that no people
in a group of seven have the same birthday?

(A) 0.056

2. A study gives the following results for a total sample
size of 12.

3,4,4,5,8,8,8,10,11, 15, 18,20

What is most nearly the mean?

(A) 8.9
(B) 9.5
(©) 11
(D) 12

3. A study gives the following results for a total sample
size of 8.

2,3,5,8,8,10,10, 12
The mean of the sample is 7.25. What is most nearly the
standard deviation?
(A) 2.5
(B) 2.9
(C) 3.3
(D) 3.7

4. A study gives the following results for a total sample
size of 6.

10,12,13,14,14,15
The mean of the sample is 13. What is most nearly the
sample standard deviation?
(A) 0.85
(B) 0.90
(C) 1.6
(D) 1.8

Probability and Statistics

5. A study has a sample size of 5, a standard deviation
of 10.4, and a sample standard deviation of 11.6. What
is most nearly the variance?

(A) 46
(B) 52
(C) 110
(D) 130

6. A study has a sample size of 9, a standard deviation

of 4.0, and a sample standard deviation of 4.2. What is
most nearly the sample variance?

(A) 16

(B) 18

(C) 34

(D) 36
7. A bag contains 100 balls numbered 1 to 100. One
ball is drawn from the bag. What is the probability that

the number on the ball selected will be odd or greater
than 807

(A) 0.1

(B) 0.5

(C) 0.6

(D) 0.7
8. Measurements of the water content of soil from a
borrow site are normally distributed with a mean of
14.2% and a standard deviation of 2.3%. What is the

probability that a sample taken from the site will have a
water content above 16% or below 12%?

9. What is the probability that either exactly two heads
or exactly three heads will be thrown if six fair coins are
tossed at once?

(A) 0.35
(B) 0.55
(C) 0.59
(D) 0.63
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5-2 FE CIVIL PRACTICE PROBLEMS

10. Which of the following properties of probability is
NOT valid?
{A) The probability of an event is always positive
and less than or equal to one.

(B) The probability of an event which cannot oceur
in the population being examined is zero.

(C) If events A and B are mutually exclusive, then
the probability of either event occurring in the
same population is zero.

(D) The probability of two events, 4 and B,
both occurring is P(4+ B) = P(4) + P(B)—
P(A, B).

11. One fair die is used in a dice game. A player wins
$10 if he rolls either a 1 or a 6. He loses $5 if he rolls any
other number. What is the expected winning for one roll
of the die?

(A) $0.00
(B) $3.30
(C) $5.00
(D) $6.70

12. A simulation model for a transportation system is
run for 30 replications, and the mean percentage utiliza-
tion of the transporter used by the system is recorded for
each replication. Those 30 data points are then used to
form a confidence interval on mean transporter utiliza-
tion for the system. At a 95% confidence level, the
confidence interval is found to be 37.2% * 3.4%.

Given this information, which of the following facts can
be definitively stated about the system?

(A) At 95% confidence, the sample mean of trans-
porter utilization lies in the range 37.2% + 3.4%.

(B) At 95% confidence, the population mean of
transporter utilization lies in the range
37.2% + 3.4%.

(C) At 95% confidence, the population mean of
transporter utilization lies outside of the range
of 37.2% + 3.4%.

(D) At 5% confidence, the population mean of trans-
porter utilization lies inside of the range of
37.2% + 3.4%.

13. What is the approximate probability of exactly two
people in a group of seven having a birthday on
April 157

(A) 1.2x 1078
(B) 2.4x 10~
(C) 7.4x107°
(D) 1.6 x107*

14. What are the arithmetic mean and sample standard
deviation of the following numbers?

71.3,74.0,74.25,78.54,80.6

(A) 74.3, 2.7
(B) 74.3, 3.7
(C) 75.0,2.7
(D) 75.7, 3.8

15. Four fair coins are tossed at once. What is the
probability of obtaining three heads and one tail?

(A) 1/4 (0.25)
(B) 3/8 (0.375)
(C) 1/2 (0.50)
(D) 3/4 (0.75)

16. Set A and set B are subsets of set Q. The values
within each set are shown.
A=(4,7,9)
B=(4,5,9,10)
Q=1(4,5,6,7,8,9,10)
\_\-"'ha,t is the union of the complement of set 4 and set B,
AU B?
(A) (4,5,6,7,8,9,10)
(B) (4,5,7.9,10)
(C) (4,5.6,8,9,10)
(D) (5,10)

17. Set A consists of elements (1,3,6), and set B con-
sists of elements (1.2,6,7). Both sets come from the
universe of (1,2, 3,4,5,6.7,8). What is the intersection,

AnB?

(A) (2,7)

(B) (2,3,7)
(C) (2.4,5,7,8)
(D) (4,5,8)
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PROBABILITY AND STATISTICS §-3

SOLUTIONS

1. This is the classic “birthday problem.” The problem
is to find the probability that all seven people have
distinctly different birthdays. The solution can be found
from simple counting.

The first person considered can be born on any day,
which means the probability they will not be born on
one of the 365 days of the year is 0.
P(1)=1-P(not 1) =1-0=1 (365/365)

The probability the second person will be born on the
same day as the first person is 1 in 365. (The second
person can be born on any other of the 364 days.) The
probability that the second person is born on any other
day is

1 _ 364

F@)=1 365 = 365

— Pnot 2) =1~

The third person cannot have been born on either of the
same days as the first and second people, which has a 2
in 365 probability of happening. The probability that
the third person is born on any other day is

2 _ 363

P3)=1- =1-——=
(83)=1-Pnot 3) =1 365 = 365

This logic continues to the seventh person. The prob-

ability that all seven conditions are simultaneously

satisfied is

P(7 distinet birthdays)
= P(1) x P(2) x P(3) x P(4) x P(5)
% PL8) % (7]

= (o) G i ) )
() (2
=0.9438 (0.94)

The answer is (D).

2, The mean is

X= {I;ETI)ZX;
i=1
3+4+4+5
1 o
(-5) +8+8+8+10
+ 11+ 15+ 18 + 20

|

—

9.5

The answer is (B).

3. The standard deviation is calculated using the
sample mean as an unbiased estimator of the population
meart.

o= \/(1,.-:-\!)2(/1: T \;’{UN)Z(X,- _X)?
| (2= 7.258) +-{3~T7.25)°
_) + (5 — 7.25)% + (8 — 7.25)%
LS + (8 = 7.25)% + (10 — 7.25)°
+ (10 — 7.25)% 4 (12 — 7.25)?
=334 (3.3)

The answer is (C).

4. The sample standard deviation is

“1, i 1) Z(X X

Y

(10 - 13)% + (12 - 13)?
418 =13)% 4 (14~ 18)°
\ +(14 - 13)% + (15~ 13)°
=1.79 (1.8)

The answer is (D).
5. The variance is
= (10.4)° =108 (110)
The answer is (C).
6. The sample variance is
£ =(427%=1764 (18)
The answer is (B).

7. There are 50 odd-numbered balls. Including ball 100,
there are 20 balls with numbers greater than 80.
) 50
(A)= P(ball d) ==—=0.5
P(A4)= P(ball is odd) 100
20

100

It is possible for the number on the selected ball to be
both odd and greater than 80. Use the law of total
probability.

P(B) = P(ball > 80) = = = 0.2

P(A+ B) = P(A) + P(B) — P(4,B)
= P(A) + P(B) — P(A)P(B)
P(odd or > 80) = 0.5 + 0.2 — (0.5)(0.2) = 0.6

The answer is (C).
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FE CIVIL PRACTICE PROBLEMS

5-4

8. Find the standard normal values for the two points
of interest.

T—p_ 16% — 14.2%

Zign =
16% P 23%
= (0.78 [use 0.80)
g Tmp_ 12%.— 14.2%
125% 2.3%
= —0.96 [use —1.00]

Use the unit normal distribution table. The probabilities
being sought can be found from the values of R(z) for
both standard normal values. R(0.80)=0.2119 and
R(1.00) =0.1587. The probability that the sample will
fall outside these values is the sum of the two values.

P(z < 12% or z > 16%) = 0.2119 + 0.1587
=0.3706 (0.37)

The answer is (C).

8. Find the probability of exactly 2 heads being thrown.
The probability will be the quotient of the total number
of possible combinations of six objects taken two at a
time and the total number of possible cutcomes from
tossing six fair coins. The total number of possible out-
comes is (2)6 = 64. The total number of possible combi-
nations in which exactly two heads are thrown is

n! _ 6!
ri(n—r)l — 21(6 — 2)!
=15

Cin,r)=

The probability of exactly two heads out of six fair
coins is

P(A) = P(2 heads) = g = 0.234

The probability of exactly three heads being thrown is
found similarly. The total number of possible combina-
tions in which exactly three heads are thrown is

n! _ &
ri(n—r)! 36— 3)!
=20

C(n.r)=

The probability of exactly three heads out of six fair
coins is

P(B) = P(3 heads) = {23—2 — 0313

From the law of total probability. the probability that
either of these outcomes will occur is the sum of the
individual probabilities that the outcomes will occur,
minus the probability that both will occur. These two

outcomes are mutually exclusive (i.e., both cannot
oceur), so the probability of both happening is 0.

The total probability is

P(2 heads or 3 heads) = P(A) + P(B) — P(4, B)
—0.234 +0.313— 0
=0.547 (0.55)

The answer is (B).

10. If events A and B are mutually exclusive. the prob-
ability of both occurring is zero. However, either event
could occur by itself, and the probability of that is non-
Z€ero.

The answer is (C).

11. For a fair die, the probability of any face turning up
is */s. There are two ways to win, and there are four
ways to lose. The expected value is

E[X] = émﬂm = (310) ((2) (é)) + (—85) (4)@)
= $0.00
The answer is (A).

12. A 95% confidence interval on mean transporter utili-
zation means there is a 95% chance the population {or true}
mean transporter utilization lies within the given interval.

The answer is (B).

13. Use the binomial probability function to caleulate
the probability that two of the seven samples will have
been born on April 15. £ =2, and the sample size, n, is 7.

The probability that a person will have been born on
April 15 is 1/365. Therefore, the probability of “suc-
cess,” p, is 1/365, and the probability of “failure,”
g=1~-p, is 364/365.

! Ir n—=I
P,1(z)=mp q
N 71 L 2 @ 7-2
Bl = (2!{7 - 2)5) (355) (365)
, 1 \27364)\°
= @)(555) (35)
=1.555 x 107* (1.6 x 107%)

The answer is (D).
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16, The complement of set A contains all of the mem-

14, The arithmetic mean is
bers of set @ that are not members of set A: (5, 6,8, 10).

n

X= (L’Tl)ZX.' The union of the complement of set A and set B is the
=t set of all members appearing in either.
= @ (71.3 + 74.0 + 74.25 + 78.54 + 80.6)
AuUB=(5,6,810)U (4,5,9,10)

=75.738 (75.7)

= (4,5,6,8,9,10)
The sample standard deviation is g‘ @
; The answer is (C). E @
1 S o E
s=/[1/(n-1)]Y (X - X)? 2
\/ /¢ ) ;1( ) 17. Set “not A” consists of all universe elements not in a?
. E - set A: (2,4,5,7,8).
(L3~ 15788+ (742'0 ~ 1515 The intersection of “not A” and B is the set of all
_ ( 1 ) +(74.25 — 75.738) elements appearing in both.
5-1 + (78.54 — 75.738)° B
=3.756 (3.8) =(27)
The answer is (D). The answer is (4).

15. The bincmial probability function can be used to
determine the probability of three heads in four trials.

p= P(heads) = 0.5
g= P(not heads) =1 - 0.5 =0.5
n= number of trials = 4

z = number of successes = 3

From the binomial function,

¢ nl n—r
Fola) = gtm - P

) (Wﬁ_:’»)!)mﬁ)“(o.s)‘*-s

The answer is (A).
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Fluid Properties

1. A leak from a faucet comes out in separate drops
instead of a stream. The main cause of this phenomenon is

(A) gravity

(B) air resistance
(C) viscosity
(

D) surface tension

2. A solid cylinder is concentric with a straight pipe.
The cylinder is 0.5 m long and has an outside diameter
of 8 ¢cm. The pipe has an inside diameter of 8.5 cm. The
annulus between the cylinder and the pipe contains
stationary oil. The oil has a specific gravity of 0.92 and
a kinematic viscosity of 5.57 x 107* m?®/s. The force
needed to move the cylinder along the pipe at a constant
velocity of 1 m/s is most nearly

(A) 59N
(B) 12N
(C) 26 N
(D) 55 N

3. Kinematic viscosity can be expressed in
(A) m?%/s
(B) s°/m
(C) kg:s*/m

(D) ke/s

4. Which three of the following must be satisfied by the
flow of any fluid, whether real or ideal?

E Newton's second law of motion
1L the continuity equation
III.  uniform velocity distribution
IV,  Newton's law of viscosity
V.  conservation of energy
(A) I, I, and III
(B) L II, and V
(C) I, I, and V
(D) I, IV, and V

5. 15 kg of a fluid with a density of 790 kg/m® is mixed
with 10 kg of water. The volumes are additive, and the
resulting mixture is homogeneous. The specific volume
of the resulting mixture is most nearly

(A) 0.0012 m*/kg
(B) 0.0027 m®/kg
(C) 0.0047 m®/kg
(D) 0.0061 m®/kg

6. The rise or fall of liquid in a small-diameter capillary
tube is NOT affected by

(A) adhesive forces
(B) cohesive forces
(C) surface tension
(D) fluid viscosity

7. A capillary tube 3.8 mm in diameter is placed in a
beaker of 40°C distilled water. The surface tension is
0.0696 N/m, and the angle made by the water with the
wetted tube wall is negligible. The specific weight of
water at this temperature is 9.730 kl\'/ms. The height
to which the water will rise in the tube is most nearly

(A) 1.2 mm
(B) 3.6 mm
(C

) 7.5 mm
(D) 9.2 mm
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G-2 FE CIVIL PRACTICE PROBLEMS

SOLUTIONS

1. Surface tension is caused by the molecular cohesive
forces in a fluid. It is the main cause of the formation of
drops of water.

The answer is (D).

2. Treat the cylinder as a moving plate, and use Newton's
law of viscosity. Find the absolute viscosity of the oil.

1

p=up= (a 57 x 10+ ”; )(o 92) (1000 l‘g)

= (0.512 Pas

i
P

The width of the separation between the cylinder and
the pipe is

S dpipe - dcy!inder e 85 cm— 8 cm
' 2 2
= 0.25 cm

The interval surface area of the cylinder is

=0.126 m?

Find the force needed.
E= (d\
A dy
AN,
= A“(dy) h A”(Ay)

= (0.126 m*)(0.512 Pa. § Ton 22
(0.126 m*)(0.512 Pas) | =5 (00 m)

=258 N (26 N)

The answer is (C).
3. Typical units of kinematic viscosity are m*/s.
The answer is (A).

4. Newton's second law, the continuity equation, and
the principle of conservation of energy always apply for
any fluid.

The answer Is (B).

5. Calculate the volumes. Use a standard water density
of 1000 kg/m?®.

_m
TV
y=1
p
Vwater = E = ——10 RE = 0.010 m3
7 10003 s
. lf = 0.019 m®
P g =
m*

The total volume is
Vtota] = Vwate: + V:"luid = (.010 m3 -+0.019 1'1'13
= 0.029 m*

The density of the mixture is the total mass divided by
the total volume.

o — Mwater + Mauid = 10 kg 15 kg
mixture Vtc.tal 0029 1113

= 862 kg/m®

The specific volume of the mixture is the reciprocal of its
density.
1 1

Umnixture =
romixt-ure 862 kg

= 0.00116 m /kg (0.0012 m?/kg)

The answer is (A).

6. The height of capillary rise is
h=docos3/vd

o is the surface tension of the fluid, 3 is the angle of
contact, ~ is the specific weight of the liquid, and dis the
diameter of the tube.

The viscosity of the fluid is not directly relevant to the
height of capillary rise.

The answer is (D).

7. Since the contact angle is neglible, use 0° for 3. The
capillary rise in liquid is

h=4dccos3/vd
(4)(0.0696 L R cos 07 (1000 22

(9 730 —) (1000 \\) (3.8 mm)
=753 %x107° (7.5 mm)

The answer is (C).
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Fluid Statics

1. A barometer contains mercury with a density of
13600 kg/m® Atmospheric conditions are 95.8 kPa
and 20°C. At 20°C, the vapor pressure of the mercury
is 0.000173 kPa. The column of mercury will rise to a
height of most nearly

(A) 0.38 m
(B) 0.48 m
(C) 0.72 m
(D) 0.82m

2. The manometer shown contains water, mercury, and
glycerine. The specific gravity of mercury is 13.6, and
the specific gravity of glycerine is 1.26.

L

0.126 m

ki

glycerine

e o T

mercur e -
¥ i 0.5m

What is most nearly the difference in pressure between
points A and B?

(A) 35 kPa
(B) 42 kPa
(C) 55 kPa
(D) 110 kPa

3. An open water manometer is used to measure the
pressure in a tank. The tank is cylindrical with hemi-
spherical ends. The tank is half-filled with 50000 kg of a
liquid chemical that is not miscible in water. The
manometer tube is filled with liquid chemical up to the

water.

10 m

water-...\‘

chemical
400 mm

225 mm

=

50 mm

What is most nearly the pressure in the tank relative to
the atmospheric pressure?

(A) 1.4 kPa
(B) 1.9 kPa
(C) 2.4 kPa
(D) 3.4 kPa

PPl ¢ www.ppi2pass.com
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7-2 FE CIVIL PRACTICE PROBLEMS

4. A pressure vessel is connected to a simple U-tube open
to the atmosphere as shown. A 10 cm deflection of mer-
cury is observed. The density of mercury is 13 600 kg/m®.
The atmospheric pressure is 101 kPa.

mercury / \ )

The vacuum within the vessel is most nearly
(A) 1.0 kPa
(B) 13 kPa
(C) 39 kPa
(D) 78 kPa

5. A tank contains a gate 2 m tall and 5 m wide as
shown. The tank is filled with water to a depth of 10 m.

gate

L

The total force on the gate is most nearly
(A) 90 kN
(B) 440 kN
(C) 880 kN
(D) 980 kN

6. A 1 m x 2 m inclined plate is submerged as shown.

Il

=
\ T

20° SI”/

-

-—

The normal force acting on the upper surface of the
plate is most nearly

(A) 32 kN
(B) 56 kN
(C) 68 kN
(D) 91 kN

7. The water tank shown has a width of 0.3 m. The
rounded corner has a radius of 0.9 m.

b, 4 A
T 0.6m i
o B
|\
|
| 0.8 m
i

The magnitude and direction (in degrees from the hori-
zontal) of the water force over the length of wall from
point A to point C is most nearly

(A) 3400 N, 46°
(B) 3400 N, 73°
(C) 4800 N, 46°
(D) 4800 N, 73°
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“FLUID STATICS '7-3

SOLUTIONS

1. Find the height of the mercury in the column.

ps=Pppt pgh
o Py — Pg
P9
(95.8 kPa — 0.000173 kPa) (10(}0 Eppi

(13 600 -:1%) (9.81 ;‘%‘)

=0.7181 m (0.72 m)

The answer is (C).

2. The manometer can be labeled as shown.

10m

mercury

—— T 2
siflaw, ioh= -
[ W

The pressure at level 2 is the same in both (left and
right) legs of the manometer. For the left leg,

P2 = PA + Oyater 9h3-4 + Pruercury gha-s

For the right leg,

P2 = PB *+ Pgiycerine Fh1-2

Equating these two equations for p, and solving for the
pressure difference py — pg gives

Pa = P = 9(Paiycerine-2 = PuaterN3-1 — Prgha-3)

§ Gg]yc::rine hl~2 - Gwater h3-4
= gla\\’
ater _5 GHg hz—a

kg
= (9.81 5“—;) (1000 ;1—5)
((1.26)(0.5 m) — (1.00)(0.125 m))
*

— (13.6)(1.0 m — 0.125 m)

=—111785 Pa (110 kPa)

The answer is (D).

3. Calculate the density of the chemical from the vol-
ume and mass. The total volume of the tank is

V=inrd + nr?(L - 2r)
= in(2 m)® + n(2 m)° (10 m — (2)(2 m))
= 108.9 m®

The contents have a mass of 50000 kg, and the tank is
half full, so the density of the chemical is

m_ 50000 ke
V" )(108.9 m?)
= 918.2 kg/m*

Pehermical

The relative pressure is

Pp—M= pwal.ergh? e Pclmnicalghl

_ kg m) ( 400 mm — 50 mm
= (1000 ma) (081 sz)( e )
m

kg mY [ 225 m
- 9182 = 1(9.8] 5| | ——=
(9 ; md)( 32) (1000 E@})
m

=1407 Pa (1.4 kPa)

The answer is (A).
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7-4 FE CIVIL PRACTICE PROBLEMS

4, The pressure is

Pyage = —pgh
. kg m 10 cm
gose (13 600 -m—a) (9.81 ;) (wo—c_m)
m

= —13342 Pa (13 kPa)

The answer is (B).

5. 1 =10 m — 2 m = 8 m. The average pressure is

kg m
= (3) (1000 m3> (9-81 5_2) (8 m+ 10 m)

The total force acting on the gate is

R=TpA = (88290 Pa}([Z m)(5 m))
= 882000 N (880 kN)

The answer is (C).

6. The upper edge of the plate is at a depth of

hi=5m—(2m)sin20° =4.32 m

The average pressure is
(=]

p=5p9(h1 + hs)

N kg m I
3 (1000 E) (981 B)(4.32m+5 m)

(
45695 Pa

The normal force acting on the plate is

R=PA = (45695 Pa) (-;'1 m)(2 m)
— 91390 N (91 kN)

The answer is (D).

7. Find separately the horizontal and vertical compo-
nents of the force acting on the wall from point A to
point C. For the horizontal component, by = 0 m, and
hp=06m+09m=15m.

Br = 3pg(h1 + hg)

= ) (1000 %) (9.81 592)(0 m+ 1.5 m)

= 7358 Pa

The horizontal component of the force is

Re = 7,4 = (7358 Pa)((15 m)(0.3 m))
=3311 N

For the vertical component, calculate the weight of the
water above the section of wall from point B to point C.
The volume consists of rectangular prism 0.3m x
0.6 m x 0.9 m plus a quarter of a cylinder, which has
a radius of 0.9 m and a length of 0.3 m.

V=Vi+V,
7(0.9 m)*(0.3 m)
4

= (0.3 m)(0.6 m)(0.9 m) +
= 0.3529 m®

The vertical component of the force equals the weight of
this volume of water.

Ry,=pgV
- kg m 3
= (1000 ms) (981 ) (03529 w*)

= 3461 N

The resultant force acting on this section of wall is

R=\/RE+ R = /(3311 N)? + (3461 N)?
—4790N (4800 N)

The direction of the resultant force from the horizontal is

R, 3461 N
f = arctan E = arctan BN

=46.27° (46°)

The answer is (C).

PPl @ www.ppiZ2pass.com




Fluid Measurement
and Similitude

1. A pitot tube is used to measure the flow of an incom-
pressible fluid with a density of 926 kg/m®. The velocity
is measured as 2 m/s, and the stagnation pressure is
14.1 kPa. The static pressure of the fluid where the
measurement is taken is most nearly

(A) 104 kPa
(B) 11.7 kPa
(C) 12.2 kPa
(D) 13.5 kPa

2. A sharp-edged orifice with a 50 mm diameter open-
ing in the vertical side of a large tank discharges under a
head of 5 m. The ceefficient of contraction is 0.62, and
the coefficient of velocity is 0.98.

The rate of discharge is most nearly
(A) 0.00031 m®/s
(B) 0.0040 m®/s
(C) 0.010 m*/s
(D) 0.012 m*/s

3. The velocity of the water in the stream shown is
1.2 m/s.

atmospheric

e et

The height of water in the pitot tube is most nearly
(A) 3.7 cm
(B) 4.6 em
(C) 7.3 cm
(D) 9.2 cm

4. A horizontal venturi meter with a diameter of 15 cm
at the throat is installed in a 45 cm water main. A
differential manometer gauge is partly filled with mer-
cury (the remainder of the tube is filled with water) and
connected to the meter at the throat and inlet. The
mercury column stands 37.5 em higher in one leg than
in the other. The specific gravity of mercury is 13.6.

45¢cm

Neglecting friction, the flow through the meter is most
nearly

(A) 0.10 m*/s
(B) 0.17 m®/s
(C) 0.23 m*/s
(D) 0.28 m%/s
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8-2 FE CIVIL PRACTICE PROBLEMS

5. A 1:1 model of a torpedo is tested in a wind tunnel
according to the Reynolds number similarity. At the
testing temperatmc the kinematic viscosity of air is
1.41 x 107® m?/s, and the kinematic viscosity of water
is 1.31 x 10™% m"/s. If the velocity of the torpedo in
water is 7 m/s, tho air velocity in the wind tunnel should
be most nearly

(A) 0.62 m/s

(B) 7.0 m/s

(C) 18 m/s

(D) 75 m/s

6. A 2 m tall, 0.5 m inside diameter tank is filled with
water. A 10 em hole is opened 0.75 m from the bottom of
the tank. lgnoring all orifice losses, the velocity of the
exiting water is most nearly

(A) 4.75 m/s
(B) 4.80 m/s
(C) 4.85 m/s
(D) 4.95 m/s

7. Water flows from one reservoir to another through a
perfectly insulated pipe. Between the two reservoirs,
100 m of head is lost due to friction. Water has a specific
heat of 4180 J/kg-K. The increase in water temperature
between the reservoirs is most nearly

(A) 0.23°C
(B) 0.52°C
(C) 0.70°C

(D) 1.0°C

SOLUTIONS

1. Solve the equation for velocity in a pitot tube for the
static pressure.

[(2
v=\/(2)em -
Ps=Dp— %
(o20 2%) (3’
926 2 ) (2 1
= 14.1 kPa— B (P;)
(2)(1000 ﬁ-)
=122 kPa

The answer is (C).

2. The area of the opening is
- -;;DE (50 mm)?

4w (1000 @)2

= 0.00196 m?
The coefficient of discharge is
C= C.C, = (0.62)(0.98)
= 0.6076
The discharge rate is

Q= CAy/2gh
— (0.6076)(0.00196 m? )V/ )(9.81 m)\s i)

= 0.012 m*/s

The answer is (D).

3. The difference in height between the pitot tube and
the free-water surface is a measure of the difference in
static and stagnation pressures. Solve for the height of
the water.

=0.073m (7.3 cm)
The answer is (C).

PPl @ www.ppi2pass.com




FLUID MEASUREMENT AND siMILITUDE 8-3

4. The areas of the pipes are

nDE (45 cm‘2

Ay = 1 ( = 0.159 m?
4)(100 cm)
2
4=~ AR == 0,0177 m?
\4)(100 E)

The equation for flow through a venturi meter can be
written in terms of a manometer fluid reading. For
horizontal flow, z; = 2.

Cyda \ 29(pm — P)b
=@

Because friction is to be neglected, C,=1. (For venturi
meters, C, is usually very close to one because the
diameter changes are gradual and there is little friction
loss.)

0= CyAs 29(0m — )R
[V
V' \4
| (00177 m2)
_/1_ 0.0177 m?\*
I} 0.159 m?
2)(9.81 5) ( 1000 =3 kg
@)(s813)
y x (13.6 — l)(37.5 cm)
V (1000 kg) (100 &2)
m
=0.171 m3/s (0.17 m*/s)
The answer is (B).

5. From the Reynolds number similarity,

- .- 2], -2,

The scale is 1:1, so the lengths of the prototype and
model are the same (I, = 1,).

The similarity equation reduces to
e
),=C)
Vi p Vim
Vo, m
(i) =(1%)

P

141 x 1075 2=

I 2
1.31 x 1076 %
=753 m/s (75 m/s)

The answer is (D).

)
L
(=
«
=
3]
@
=
g
=
TH

6. The hydraulic head at the hole is
h=2m-075m=125m
For an crifice discharging freely into the atmosphere,
Q= CAo\/2gh

As orifice losses are neglected, C' = 1. Dividing both
sides by Ag gives

v= 02k = 1\/ 2)(9 81 —)(1 25 m)
=4.95 m/s

The answer is (D).
7. Convert the frictional head loss to specific energy loss.
m
AE = hyg = (100 m) (9.81 5-2-)
=081 m?/s* (981 J/kg)

The temperature increase is

ap ki
AT="== ———ﬁ— =0.2347K (0.23°C)
P i
4180

The answer is (A).
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Hydrology

1. Two adjacent fields contribute runoff to a collector.
Field 1 is 2 ac in size and has a runoff coefficient of 0.35.
Field 2 is 4 ac in size and has a runoff coefficient of 0.65.
The rainfall intensity of the storm after the time to
concentration is 3.9 in/hr. The peak runoff is most nearly

(A) 8.7 ft3/sec

(B) 10 ft*/sec

(C) 13 ft?/sec

(D) 16 ft*/sec
2. The rational formula runoff coefficient of a 950 ft x
600 ft property is 0.35. A storm occurs with a rainfall

intensity of 4.5 in/hr. The peak runoff from this prop-
erty is most nearly

(A) 21 £t3/sec
(B) 30 ft*/sec
(C) 62 ft*/sec
(D) 90 ft/sec

3. A watershed occupies a 70 ac site. 45 ac of the site
have been cleared and are used for pasture land with a
runoff coefficient of 0.13; 3 ac are occupied by farm
buildings, a house, and paved surfaces and have a runoff
coefficient of 0.75; the remaining 22 ac are woodland
with a runoff coefficient of 0.20. The total time to con-
centration for the watershed is 30 min. The 20 yr storm
is characterized by the intensity duration curve shown.

20 -

- -
@ La*] =2}
T T T

rainfall intensity (in/hr)

E-N
T

1]
20 40 60 80 100
duration (min)

The peak runoff for the 20 yr storm is most nearly
(A) 50 ft*/sec
(B) 110 £°/sec
(C) 240 ft*/sec
(D) 530 ft3/sec

4. The table shown contains curve numbers based on
land use and soil type. A watershed contains 10 ac of
residential land of soil type B and 5 ac of grassland of
soil type A.

soil type
land use type A type B
residential 57 72
grassland 30 58

If the total precipitation is 11 in, what will be the
approximate runoff from the watershed?

(A) 54 in
(B) 6.0 in
(C) 6.7in
(D) 7.21in

5. A drainage basin covers an area of 2.4 ac. During a
storm with a sustained rainfall intensity of 0.6 in/hr, the
peak runoff from the basin is 320 gal/min. What is most
nearly the runoff coefficient for the basin?

(A) 0.38
(B) 0.50
(C) 0.65
(D) 0.85
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9-2 FE CIVIL PRACTICE PROBLEMS

SOLUTIONS

1. The runoff coefficients are given for each area. Com-
bine the coefficients, weighting them by their respective
contributing areas.

{2 ac)(0.35) + (4 ac){0.65)
B 2ac+4ac

C
= 0.55

Find the peak flow from the rational formula.

Q= CIA = (055)(39 12)(6 a0)

= 12.87 ft3/sec (13 ft3/sec)

The answer is (C).

2. Use the rational formula to calculate the peak runoff
from this property. To use this formula, the area of the
property must be in acres.

(950 £t)(600 ft)

2
43,560 2=
ac

A= = 13.09 ac

The peak runoff is
- 2= S iny,
Q= CIA=(035)(45 hr) (13.00 ac)
= 20.61 ft%/sec (21 ft3/sec)

The answer is (A).

3. The weighted average runoff coefficient for the
watershed is

ga (0.13)(45 ac) + (0.75)(3 ac) + (0.20)(22 ac)

G 70 ac

=0.179

From the graph, at £, = 30 min, 7 = 9 in/hr. Use the
rational formula to calculate the peak runoff.

— OTA = in
(= CTh= (0.179)(9 5(70 ac)
=112.5 ft*/sec (110 ft*/sec)

The answer Is (B).

4. Find the weighted curve number for the watershed.
From the table, the watershed contains 10 ac of land
with a curve number of 72 and 5 ac of land with a curve
number of 30.

10 ac)(72) + (5 ac)(30)

10 ac + 5 ac =58

CA"\‘r = {

Find the storage capacity of the watershed.

6 =1000 4 _1000 1q5_ 2041 i

CN 58
Find the runoff from 11 in of precipitation.

i 0.28)2 (11 in— (0.2)(7.241 in))’
~ P4+08S  11in+ (0.8)(7.241 in)
=5.433in (5.4 in)

The answer is (A).

5. Convert the runoff to cubic feet per second.

320 28
min = 0.7130 ft3 /sec

Q =
7 48 881\ (0 sCC
(r'4‘ ft3 (60 min)

Use the rational formula to determine the runoff
coefficient.

Q= CIA
3
5 0.7130 £
e B
TA .
61 (2.4
(U 0 hr)( i

=0.4951 (0.50)

The answer is (B).
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Hydraulics

PRACTICE PROBLEMS 4. The hydraulic radius of a 5 m deep triangular chan-

""""""""""""""""" nel with a 1:1 side slope is most nearly
1. A model of a dam has been constructed so that the
scale of dam to model is 15:1. The similarity is based on
Froude numbers. At a certain point on the spillway of :
the model, the velocity is 5§ m/s. At the corresponding \J v L/
point on the spillway of the actual dam, the velocity [ e
would most nearly be

10m

(A) 6.7 m/s 5m
(B) 7.5 m/s
(C) 15 m/s

(D) 19 m/s é
37
A) 1. 21
2. An open channel has a cross-sectional area of flow of (8) 10m = 2
0.5 m? a hydraulic radius of 0.15 m, and a roughness (B) 1.8 m © 3’
factor of O.lc?. The slope of the hydraulic gradient (C) 2.0 m T o
needed to achieve a flow rate of 10 L/s is most nearly g
&) Tt
(B) 6.7 x 15 5. A pipe carrying an incompressible fluid has a diameter
(C) 1.1x 107 of 100 mm at point 1 and a diameter of 50 mm at point 2.
’ . The velocity of the fluid at point 1 is 0.3 m/s. What is
(D) 6.7 x 1073 most nearly the flow velocity at point 27
A) 0.95 m/s
3. Water flows through a converging channel as shown (&) /
and discharges freely fo the atmosphere at the exit, (B) 1.2 m/s
Flow is incompressible, and friction is negligible. (C) 2.1 m/s
(D) 3.5 m/s
D, = 150 mm D, =75 mm
Vi = 1.2 m/s P2 = Paim
—_— —

The gage pressure at the inlet is most nearly

(A) 10.2 kPa
(B) 10.8 kPa
(C) 11.3 kPa
(D) 12.7 kPa
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FE CIVIL PRACTICE PROBLEMS

10-2

SOLUTIONS
1. The Froude numbers must be equal.

Frapm = Fr mode)

Vdam  _  Vinodel

\/gyh.dam B \/gyh.modcl

[Thdam ;
Vdam = Vmodel v“‘ a8 = (5 %) V/IT‘_B

Yhmodel
=1936 m/s (19 m/s)

The answer is (D).

2. The volumetric flow rate is

10 &
Q= SL =0.01 m%/s
1000 —%
m

T The velocity needed is
£ 5
c & 3
5 g 0017
o = VEAT 0om? 009 a8
o
n

Use Manning’s equation to find the slope needed to
achieve this velocity.

oo (%") R?;SS”?

2

5=( vn )
-2/
KRy

1
(0.02 T;) (0.15)
(1.0)(0.15 m)*®

=0.0001129 (1.1 x 107%)

The answer is (A).

3. From the continuity equation for incompressible
flow,

A1'\-’1 = Ag\«'g

A .41\"’] - & 2\:
T A D,)

= (’150 mm)g(l‘2 1_)
75 mm S

=48 m/s

Use the Bernoulli equation.

pE 'Vg >, ‘—-..p_I_ .\'-r-:i-u (]
o 2+~gg—p+2 - 219
21 = Zg
p;=0 |[gage]
P1=§(VE_"?}
kg
1000 —= 2 s
N (p— L my*
B 2 ((4'8 s) (1'2 3))

= 10800 Pa (10.8 kPa)

The answer is (B).

4. The hydraulic radius is found by dividing the cross-
sectional area of the channel by the wetted perimeter.
Because the sides have a 1:1 slope, the cross section of
the channel is a 90°-45°-45° triangle with the vertex
down. The width of the channel surface (the base of
the inverted triangle) is 10 m, and the area of the
triangular cross section is

it bh _ (10 m)(5 m)

=25 m?
) 5 5m

The wetted length of each side of the channel is equal to
the hypotenuse of a 90°-45°-45° triangle with sides of
5 m, and the wetted perimeter is the sum of these two
wetted lengths.

hypotenuse = v/ a? + & = /(5 m)* + (5 m)?

=7.071 m
wetted perimeter = (2)(7.071 m) = 14.14 m

The hydraulic radius is

R, = Cross-sectional area _ 25 m?
H == - =
wetted perimeter 1414 m

=1.768 m (1.8 m)

The answer is (B).

5. Use the continuity equation for an incompressible
fluid, and solve for the velocity at point 2.

.41\’1 = .-‘12\"2

(ETD%-) V1 (RTD%) Va
= (B) v = () o)

=1.2m/s

The answer is (B).
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1. Water drains at a constant rate through a saturated
soil column with a diameter of 1 ft and a height of 2 ft.
The hydraulic head is maintained at 5 ft at the top of the
column and 0.5 ft at the bottom. After a period of 1 hr,
100 in® of water has drained through the column. What is
most nearly the hydraulic conductivity of the soil?

(A) 3.5 x 1070 ft/sec

(B) 4.6 x 107° ft/sec

(C) 7.1 x 107° ft/sec

(D) 9.1 x 107° ft/sec

2. Darcy’s law is primarily associated with flow through

(A) open channels
(B) pipes
(C) pitot tubes and venturi meters

(D) porous media

3. A soil sample with a permeability of 5 x 107 in/sec
will be tested using the pipe setup shown. The pipe's
diameter is 2 in. The 10 in head differential will be
maintained.

1%

10inI

3]

incomingl

20in |

i .
: ,,_ o |
soil

The volume of flow is most nearly

(A) 2.5x 107 in®/sec
(B) 4.9 x 107 in®/sec
(C) 7.9 x107° in®/sec
(D) 3.0 x 107 in®/sec

Groundwater

4. An aquifer has a thickness of 52 ft and a transmissiv-
ity of 650 ft?/day. What is most nearly the hydraulic
conductivity of the aquifer?

(A) 2.5 ft/day

(B) 6.3 ft/day

(C) 13 ft/day

(D) 33 ft/day

5. The results of well pumping tests from a homoge-
neous, unconfined aquifer are shown. At the time of the
tests, the pumping had continued long enough for the
well discharge to become steady:.

parameter value

pumping rate 20 gal/sec

well diameter 1.5 ft

radius of influence 900 ft

depth of aquifer at 135 ft
radius of influence

drawdown in well 11 ft

The hydraulic conductivity of the aquifer is most nearly

(A) 1.2 x 107 ft/sec
(B) 2.1x 107 ft/sec
(C) 5.0x 107 ft/sec
(D) 8.7 x 107 ft/sec
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FE CIVIL PRACTICE PROBLEMS

11-2

SOLUTIONS

1. The cross-sectional area of the column is

D? _n(lf)?
A = L3 = =K1 2
1 1 0.785 ft

The change in hydraulic head over the length of the soil
sample is

dh _05f—5f_ ..
=t o0 205 B/t

Use Darcy’s law.

= _KA[2h
@=-KA(Z;)
__ @
dh
Ad:c
(3
in
IODE

(0.785 ft2) (—2.25 %)

X (12 ifi;)s(seoo Sff-)

=0.097 x 107® ft/sec (9.1 x 107° ft/sec)
The answer is (D).

2. Darcy's law is primarily associated with flow though
porous media.

The answer is (D).

3. The cross-sectional area of the pipe is

_nD* _ =m(2 111)2_ ; 5
A= e y =3.142 in

The change in hydraulic head in the direction of flow
over the length of the soil sample is

dh_—lUin__ Wi
R T

Use Darcy's law,

Q=-K4(%)
= - (5% 10 2)3.142in%) (-05 )

= 7.854 x 107% in®/sec (7.9 x 1075 in%/sec)

The answer is (C).

4. From the formula for transmissivity, the permeabil-
ity is

Tr'=KEH
9
650 2
g T_ day
D 52 ft
=12.5 ft/day (13 ft/day)
The answer is (C).

8. The radius of the well is

r2=g=%ﬁ'=0.?’5ft

The thickness of the saturated aquifier at the well is

rx}‘.g:D—Dh.‘gz 135 ft — 11 ft =124 ft

Use Dupuit’s equation to find the hydraulic conductiv-
ity of the aquifer.

nk(hy — ki)
in T2
1

Q:

2
W
n(hi — h?)

gal

k

- n((124 £ - (135 £e)?)
= 2118 x 107 ft/sec (2.1 x 107 ft/sec)

The answer is (B).
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1. What is most nearly the equivalent weight of alumi-
num sulfate, Aly(SOy)s?

(A) 57 g/mol
(B) 110 g/mol
(C) 170 g/mol
(D) 340 g/mol

2. A water sample contains 57 mg/L of phosphate,
PO7 ™7, measured as substance. What is most nearly
the concentration as CaCQ,?

(A) 32 mg/L as CaCO;
(B) 36 mg/L as CaCOy
(C) 60 mg/L as CaCOy
(D) 90 mg/L as CaCOQO4

3. The alkalinity of water was determined to be
200 mg/L as CaCOjy. If a nitric acid (HNOy; molecular
weight of 63 g/mol) solution with an acidity of 35 mg/L
as CaCOjy is available, most nearly how much acid
solution would be required to completely neutralize
700 L of the water?

(A) 440 L

(B) 3200 L

(C) 4000 L

(D) 5000 L

4. A water analysis of lake water has the results shown,
with all values reported as CaCOs;.

alkalinity 151.5 mg/L
sodium 120.0 mg/L
calcium 127.5 mg/L
iron (II) 0.107 mg/L
magnesium  43.5 mg/L
potassium 8.24 mg/L
chloride 39.5 mg/L
fluoride 1.05 mg/L
nitrate 1.06 mg/L
sulfate 106 mg/L

Water Quality :

The water's hardness is most nearly
(A) 150 mg/L
(B) 170 mg/L
(C) 290 mg/L
(D) 300 mg/L

5. Water has a carbonate hardness of 92 mg/L as
CaCOjy. Most nearly, what dose of lime (CaO; oxidation
number 2) as substance should be added to the water to
reduce the hardness to 30 mg/L as CaCO57

(A) 35 mg/L
(B) 60 mg/L
(C) 90 mg/L
(D) 180 mg/L

6. Which of the following is generally NOT attributable
to hard water?

(A) scum rings in bathtubs
(B) stains on porcelain bath fixtures
(C) foam in clothes-washing equipment

(D) scale buildup in boiler tubes

7. A fate and transport study was performed on phos-
phorus in a small pond. Biological processes in the pond
biota convert phosphorus to a nonbioavailable form at
the rate of 22% per year. Recveling of sediment phos-
phorus by rooted plants and by anaerobic conditions in
the hypolimnion converts 12% per year of the nonbio-
available phosphorus back to bioavailable forms. Runoff
into the pond evaporates during the year, so no change
in pond volume occurs. Which of the following actions
would best reduce the phosphorus accumulation in the
pond?

(A) adding chemicals to precipitate phosphorus in

the pond

(B) adding chemicals to combine with phosphorus in
the pond

(C) reducing use of phosphorus-based fertilizers in
the surrounding fields

(D) using natural-based soaps and detergents in sur-
rounding homes
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8. Hardness in natural water is caused by the presence
of which of the following?

(A) weakly acidic ions

(B) nitrites and nitrates

(C) polyvalent metallic cations
(D) colloidal solids

9. In aquatic systems, phosphorus recycling is signifi-
cantly aided by which of the following?

L algae

II.  fungi

III.  macrophytes

IV. phytoplankton
(A) Tand II
(B) L II, and III
(C) I, 101, and IV
(D) I, III, and IV

10. Which of the following are sources of color in
water?

L. copper ions
1. iron ions
III.  manganese ions
IV.  industrial colloidal solids
(A} IV only
(B) Iand II
(C) L II, and IV
(D) I, II, 111, and IV

11. Which of the following processes is used to measure
the amount of acid in water?

(A) titration
(B) filtration
(C) spectrophotometry
(D) digestion

12. Acidity in water is typically specified in terms of
which of the following?

(A) HoCOgy
(B) H™
(C) OH"
(D) CaCO,

13. The National Primary Drinking Water Regulations
apply to every public water supply serving at least how
many service connections?

(A) 15
(B) 50
(C) 100
(D) 250

14. The molar nitrogen-to-phosphorus (N:P) ratio for
ideal algae growth is which of the following?

(A) 10:1

15. In water, excess amounts of which of the following
can contribute to methemoglobinemia, or “blue baby”
syndrome?

(A) phosphorus
(B) manganese
(C) carbonates
(D) nitrates

PPl # www.ppi2pass.com




WATER QUALITY

12-3

SOLUTIONS

1. For aluminum sulfate, Als(SO,)s, the molecular
weight is

MW aj, 500, = 2(MW ) + 3(MWs) + 12(MW)
\ g
= (2){ 26. . 9 -
( )( Goel mol) +(3) (3 066 mol)
B
+ (12)(15.999 mol)
= 342.148 g/mol

The aluminum ion is triply charged, and there are two
aluminum lons, so the number of charges involved is
(3)(2) = 6. The equivalent weight is

MWy, (504,
oxidation number

342,148 -2

EWanso

s T

mol
6

= 57.025 g/mol (57 g/mol)

The answer is (A).
2. The molecular weight of phosphate, PO; ™7, is
MWpg--- = MWp + 4({MWp)
=30.974 £ 4 (4) (15,999 &)
mol mol/
= 94.97 g/mol
The ion is triply charged, so the equivalent weight is
MWpo, -
~ oxidation number

9497 =
mol

3
= 31.657 g/mol

EWpo---

The concentration as CaCQOy is

EWeco,
Cus CaCOy = Ca.l:' sibstance (#

EWro,--
g

T

—= (5? E) o mol
- g

L/ \31.657 =

1mo.

=90.21 mg/L (90 mg/L as CaCO;)

The answer is (D).

3. Since the alkalinity and the acidity concentrations
were both given as CaCOjy equivalents, the volumes can
be determined without converting the concentrations.
Balance the total masses of alkalinity and acidity.

Amallmiini:y = A?nucif!ily
Viaterd C\\-‘aner‘as CaCOy = VaeiaA Cacid as CaCOy
V\mtnrA Cwamr,as CaC0y
A Cacid.as CaC0s

(700 L)(QOU % —ft %)

- mg Mg
35 T 0 T

Lfi:\l:icl

= 4000 L
The answer is (C).

4, Water hardness is determined from the polyvalent
metallic cations, which are calcium (Ca™™), iron (Fe**),
and magnesium (Mg*?*). Sodium and potassium are
singly charged and do not contribute to hardness.

hardness = Coyer + Cre--+ + Coper+

mg mg
4
T +0.107 I +435 28 L

= 171.107 mg/L (170 mg/L)

= 127.5

The answer is (B).

5. The lime is being added to the water, so the volume
of solution is the same as the volume of treated water,
Determine the CaCQOjy dose.

V\\'uterA Gu‘ater,a.-s CaC0Qy; = Viimu D]iult“aﬁ CaC0y
V\vm(u'A Cwnter(a.s CaCOy

Dliute,uanCO:i s

Vline
_ mg .. mg
o L)(92 £ — 30 L)
1L
= 62 mg/L

Determine the CaCOj3 equivalent of CaQ. The molecu-
lar weight of CaO is

MW= MWe, + MWg
= 40.078 -2~ +15.999 &
mol mol
= 56.077 g/mol

The calcium ion is doubiy charged, so the equivalent
weight of lime is

MWiige T

oxidation numbm 2
= 28,039 g/mol

E“"!imn =
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The concentration as substance is

EWi
Diitne,a:s substance = Dli.lll.l\!.ﬂ.n CuCOy (E‘V ==
YV CaCOy

98.039 &

- Tl=t"
mol

= 34.7 mg/L (35 mg/L)

The answer is (A).

6. Hard water interferes with foam/bubble formation,
turning soap into scum.

The answer is (C).

7. To reduce the phosphorus accumulation in the pond,
the arrival of additional bioavailable phosphorus must
be reduced. This entails watershed management to
reduce the amount of phosphorus applied as fertilizer
and released through other sources. As eutrophication is
a natural process accelerated by the availability of plant
nutrients (nitrogen and phosphorus especially), reduc-
ing phosphorus can slow the process.

While there are chemical means to alter the forms of
phosphorus to nonbicavailable states, this usually is not
practical on a large scale and is potentially harmful in
itself.

It is unlikely that the pond receives untreated discharge
from local homes. Use of phosphate-rich detergents in
the home will not affect the pond.

The answer is (C).

8. Hardness in natural water is caused by the presence
of polyvalent metallic cations.

The answer is (C).

9. In aquatic systems, phosphorus recycling is signifi-
cantly aided by algae, macrophytes, and phytoplankton.
The answer is (C).

10. Copper. iron, and manganese ions, and industrial
colloidal solids are all sources of color in water.

The answer is (D).

14. Titration is used to measure the amount of acid in
water.

The answer is (A).
12. The measurement of acidity in water is typically

given in terms of the CaCQOj equivalent that would
neutralize the acid.

The answer is (D).
13. Every public water supply serving 15 or more ser-

vice connections must meet the National Primary
Drinking Water Regulations.

The answer is (A).

14. The molar N:P ratio for ideal algae growth is 16:1.

The answer is (C).

15. Excess amounts of nitrate in water can contribute
to methemoglobinemia.

The answer is (D).
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1. Primary treatment of wastewater consists of
(A) chlorination
(B) removal of toxic industrial wastes

(C) regulating the flow of the wastewater through
tanks of varied sizes so that the flow is a con-
stant in secondary and tertiary treatment

(D) removing solids and particles of various sizes

2. In a packed bed operating at 25°C, a vapor con-
tained in an air stream is dissolved in water. The
Henry’s law constant of the vapor is 0.10 atm-L/mol.
The volumetric flow rate of air is 1 m®/s. Most nearly,
what volumetric flow rate of water is required?

(A) 2 L/s

3. At 15°C, the Henry's law constant for ammonia is
0.62 atm. The concentration of ammonia in a water
solution at this temperature is 8.1 x 107 mol/L. The
partial pressure of ammonia vapor above the liquid
phase is most nearly

(A) 9.0x107°% atm
(B) 4.4 x 107" atm
(C) 3.8x107° atm
(D) 5.0 x 107 atm

4. The equilibrium equation for the dissolution of sulfur
dioxide in water is

S0.(g) + 2H.0(1) = HSO; (aq) + H30* (ag)

The equilibrium constant for this equation is

(HSO3)[H;07] _

2.1 x 1072 (mol/L)*/atm
Pso,

Ko =

Water Supply Treatment
and Distribution

The variable pgo, represents the partial pressure of sul-
fur dioxide in the gaseous phase. The molar concentra-
tion of hydronium ions in water in equilibrium with air
that contains 0.1 parts per million volume (ppmv) of
sulfur dioxide is most nearly

(A) 2.1 x 107 mol/L
(B) 4.6 x 107 mol/L
(C) 5.3 x 1075 mol/L
(D) 2.1x107% mol/L

5. Which of the following diseases should be of concern
to the environmental engineer when designing, operat-
ing, or managing water supply projects?

L acquired immunodeficiency syndrome (AIDS)
II.  Rocky Mountain spotted fever
III.  botulism
IV.  tuberculosis
V. Legionnaires’ disease
VI.  hepatitis A

(A) Vonly
(B) V and VI
(C) 1, IIL, and VI
(D) I, IV, and VI

6. Which of the following substances are used to remove
calcium and magnesium from hard water?

L. lime
11, soda ash
III. ozone

IV. activated carbon
(A) Tand IT
(B) Tand III

(C) Il and 11

(D) HOI and IV
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7. Water is recarbonated after it has been softened to
L. remove unwanted odors
1L lower its pH
III. improve its taste
IV.  reduce its scale-forming potential
(A) Tand II
(B) II and III
(C) II'and IV
(D) III and IV

8. In addition to lime-soda treatment, what method can
be used to reduce the hardness of water”

(A} neutralizing alkalinity with hydrochloric acid
(B) replacing calcium ions with sodium ions

(C) adsorbing sodium and iron with granular acti-
vated carbon

(D) flocculating the water with magnesium sulfate
{MgSOﬂ

9. Noncarbonate hardness can be removed by which of
the following?

L heating
I1. distillation
III.  precipitation softening processes
IV. ion exchange processes
(A) Tand II
(B) I and 1II
(C) Il and IV
(D) III and IV

10. Which of the following are generally true for water
treatment relative to the adsorption of a contaminate by
activated carbon?

I The adsorption is a chemical reaction and typi-
cally irreversible,

1I. The adsorption is a physical reaction (van der
Waals forces) and generally reversible.

III. Water soluble, inorganic contaminants with low
molccular weights are best adsorbed by activated
carbon.

IV. The contaminant sticks to the surface of the acti-
vated carbon particles.

(A) II and IV

B) III and IV

C) L, IL and III
(D) 1, IL, I1I, and IV

—— e~

11. 1 L of water having a contaminant concentration
of 1 mg/L is to be treated with activated carbon. A
residual or equilibrium contaminant concentration of
0.1 mg/L is desired. The activated carbon can adsorb
5% of its weight at the desired equilibrium concentra-
tion. Most nearly, what mass of activated carbon is
required?

12. The electrodialysis of a 0.1 N NaCl solution is carried
out in 100 cells. The flow rate of the solution is 1 L/s; the
removal efficiency is 60%, and the electrical efficiency is
98%. The current required for operation is most nearly

(A) 60 A
(B) 200 A
(C) 500 A
(D) 1000 A
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WATER SUPPLY TREATMENT AND DISTRIBUTION

13-3

SOLUTIONS

1. The primary treatment of wastewater is the removal
of solids and particles.

The answer is (D).

2. The volumetric flow rate is

- B QAH
Qw = Q4H RT

m? 3 atm:L
(1) )00 528
i atm'[«’ o o

(o.oszos mol-K)(?ﬁ C + 273°)
=409L/s (4L/s)

The answer is (B).

3. The concentration of ammonia is 8.1 x 103 moles
per liter of solution. The solution is essentially 100%
water. The molecular weight of water (H,O) is

MWi,0 = 2(MWg) + MWo
= (2 (1. £ 5 -
( )(1 0079 1) +15999 £

mao.
= 18.0148 g/mol

The number of moles of water in a liter of water is

m pV

MWy,o  MWy,o
kg g
1000 == | (1 L){ 1000 =
W Gt

- (18.0148 %) (1000 m%)

= 55.51 mol

nw =

The mole fraction of ammonia in the solution is

Tammonia 8.1 x 10_3 mol i
T = = = 1.459 x 1
nw 55.51 mol %10

Use Henry's law.
p; = hx; = (0.62 atm)(1.459 x 107%)
=0.047 x 107" atm (9.0 x 10" atm)
The answer is (A).

4. For mixtures of ideal gases, the volumetric fraction
and the mole fraction are the same.

rso, = 0.1 X 1076

Use Henry's law. The partial pressure of SO, is
Pso, = Z30; Protal
= (0.1 x 107%)(1 atm)
=1.0 x 1077 atm

When SO, dissociates, an equal number of HSO; and
H;O7 ions are created, so

[HSO3][H30"] = [H;07)°

Solve the equilibrium constant equation for the [HzO~]
concentration.

[H30"] = \/pso, Keq

= |(1.0x 1077 atm) | 2.1 x 1072

\ atm

= 4.6 x 107 mol/L
The answer is (B).

5. Items I through IV are not concerns: AIDS is not a
waterborne disease; Rocky Mountain spotted fever is
passed to humans by ticks; botulism is foodborne or
can enter the body through contaminated soil or nee-
dles; and tuberculosis is spread by inhalation of infec-
tious droplets.

Legionnaires’ disease, on the other hand, is associated
with heat transfer systems, warm temperature water,
and stagnant water. Hepatitis A can also be spread
through contaminated water.

The answer is (B).

6. Lime and soda ash are used to remove calcium and
magnesium from hard water.

The answer is (A).

7. Water is recarbonated after it has been softened to
lower its pH and reduce its scale-forming potential.

The answer is (C).

8. Various ion exchange methods are used to replace

multivalent ions such as calcium (Ca*™) and magnesium
(Mg™™) with monovalent ions such as sodium (Na™),

The answer is (B).
9. Noncarbonate hardness cannot be removed by heating.
It can be removed by precipitation softening processes

(typically, the lime-soda ash process) or by ion exchange
(typically, t! _ : . y g
processes using resins selective for ions causing hardness.

The answer is (D).
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13-4 FE CiviL PRACTICE PROBLEMS

10. Adsorption is a physical process wherein the con-
taminant adheres to the surface of an adsorbent such as
granular activated charcoal. Following saturation. the
adsorbent can be reactivated in a number of ways and
reused. Adsorbents are particularly eifective at remov-
ing large organic molecules from the processing stream.

The answer is (A).
11. Since 1 L of water is to be treated, and since the

concentrations are given per liter, work on a per-liter
basis. The mass of contaminant removed is

Tremoved = V(cin — Cuut)

sl L)(l %-0.1 %)

=0.9 mg
Solve the equation for mass ratio of the solid phase for
the mass of adsorbent.

s it = Tremoved - 0.9 mg
X 005 E

= 18 mg

The answer is (B).

12. The required current is

I=(FQN/n)x E\/E;y

C L
(96 e g-equivalent) (1 ;) \

« (0.1 g-equivalent)
_ L (0.60)
100 0.98

50.07 A (60 A)

The answer is (A).
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Wastewater Collection
and Treatment

PRACTICE PROBLEMS === =

1I

The solids loading rate for a 30.5 m diameter clarifier

with a flow rate of 5 MGD and an influent total sus-
pended solids content of 150 mg/L is most nearly

2.
L
IT.

III.
IV.

4.

(A) 1.1 kg/d-m®
(B) 2.2 kg/d-m?
(C) 3.9 kg/d-m?
(D) 4.2 kg/d-m?

What can treated wastewater be used for?
irrigation
fire fighting
road maintenance
bathing
(A) Iand II
(B) II and III
(C) L, 11, and III
(D) 1, I, III, and 1V

. How is most wastewater phosphorus removed?

(A) primary sedimentation
(B) flocculation and sedimentation
(C) biological processes

(D) adsorption in granular activated carbon towers

What is the primary factor that determines whether

a stabilization pond will be aerobic or anaerobic?

(A) detention time
(B) depth
(C) surface (plan) area

(D) temperature

5. Which type of stabilization ponds are the most com-
mon for small communities?

(A) facultative ponds

(B)
(C) anaerobic ponds
(D)

aerobic ponds

aerated lagoons

6. Which of the following are used in the secondary
treatment of wastewater?

L.
IT.

I
V.

biological beds

electrodialysis

air stripping
(A) I only
(B) Iand II
(C) II and 111
(D) 1, II, 111, and IV

rotating contactors

PPI

® www.ppi2pass.com

Engineering

©
S
c
@
E
c
o
A=
>
=
L




m
=}
=
5
®
o
=
=)
@

[elusLWIUOIIAUT

FE CiIVIL PRACTICE PROBLEMS

14-2

1. The solids loading rate is

solids loading _ 9_"1 o Qg\:

rate A w2
4

5 x 106 &2 mg

(.JxlO d)(wo L)

x (3.?854 L)
gal
E 2
(n(30.a m) )(1000 Elg)
4 g
B
X (1000 kg)

= 3.886 kg/d-m? (3.9 kg/d-m?)

The answer is (C).

2. Treated wastewater is generally not considered pota-
ble. Treated wastewater can be used for irrigation, fire-
fighting, and road maintenance,

The answer is (C).

3. Most phosphorus is soluble. It must be removed
through flocculation and sedimentation.

The answer is (B).

4. The average depth of an aerobic stabilization pond is
about 1.3 m, so aerobic conditions can be maintained
throughout through photosynthesis and mixing due to
wind and convection. Anaerobic ponds are much deeper,
and the biological organisms rapidly deplete the oxygen
at the deeper levels.

The answer Is (B).

5. Facultative ponds are the most common pond type
selected for small communities.

The answer is (A).

6. Rotating contactors and biological beds are used in
the secondary treatment of wastewater.

The answer is (C).
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PRACTICE PROBLEMS

1. A 770,000 gal conventional activated sludge pro-
cess has a recycle ratio of 0.25, an influent flow rate of
1 MGD, a mixed liquor volatile suspended solids
(MLVSS) concentration of 700 mg/L, and an influent
BOD; of 160 mg/L. What is most nearly the F:M ratio
of the process?

(A) 0.1 lbm/day-lbm

(B) 0.2 Ibm/day-lbm

(C) 0.3 Ibm/day-lbm

(D) 0.4 lbm/day-lbm
2. Sludge is digested after being removed from a sec-

ondary treatment tank. During the digestion process,
the gas that is produced is mostly

(A) carbon dioxide

(B) methane

(C) nitrogen oxide

(D) hydrogen sulfide
3. A 7400 ft* conventional activated sludge system
has a recycle ratio of 0.26, an influent flow rate of
9100 ft%/day, a mixed liquor volatile suspended solids
(MLVSS) concentration of 490 mg/L, and an influent

BODjs of 110 mg/L. What is most nearly the F:M ratio
of the system?

(A) 0.028 day™'

(B) 0.28 day™*

(C) 0.72 day™!

(D) 1.1 day™
4. Activated sludge is treated in a 1400 ft* aeration
basin. The biomass concentration is 1800 mg/L. The
waste sludge flows at a rate of 140 ft®/day, and the waste
sludge suspended solids concentration is 600 mg/L. The
effluent flows at a rate of 240 ft”/day, and the effluent

suspended solids concentration is 1900 mg/L. What is
most nearly the solids residence time?

(A) 1day
(B) 3 days
(C) 5 days
(D) 8 days

Activated Sludge and
Sludge Processing

5. A sample of influent water has a sludge volume index
of 65 mL/g. After 30 min of settling, the sludge volume
is 260 mL/L. What is most nearly the concentration of
mixed liquor suspended solids (MLSS) in the sample?

(A) 2.0 x 10° mg/L

(B) 3.0 x 10* mg/L

(C) 4.0 x 10° mg/L

(D) 5.0 x 10° mg/L
6. An aerobic digester has an influent average flow rate
of 110 ft*/day and a suspended solids concentration of
12 mg/L in the reactor. The influent 5-day BOD is
310 mg/L, and the influent suspended solids concentra-
tion is 6.0 mg/L. The reaction rate constant is
0.75 day ™', and the volatile fraction is 0.3. The solids
resistance time (sludge age) is 3 days. The fraction of
influent 5-day BOD consisting of raw sewage is 0.5.
What is most nearly the volume of the digester?

(A) 1700 ft*

(B) 2100 ft*

(C) 2400 ft*

(D) 2600 ft*

7. A high-rate, two-stage anaerobic digester treats raw
sludge with an input rate of 420 ftE/gIay. The digester
sludge accumulates at a rate of 110 {t*/day. The sludge
reacts after 10 hr, thickens after 7 hr, and is stored for
15 hr. What is most nearly the reactor volume of the
first stage?

(A) 140 f£*

(B) 180 ft*

(C) 280 ft®

(D) 460 £°
8. Activated sludge is treated in an aeration tank. The
hydraulic residence time is 5 hr, and the solids residence time
is 6 days. The influent BOD concentration is 170 mg/L, and
the effluent BOD concentration is 5.2 mg/L. With a
yield coefficient of 0.4 and a microbial death ratio of

0.1 day™', what is most nearly the biomass concentra-
tion in the tank?

(A) 1200 mg/L
(B) 2400 mg/L
(C) 3100 mg/L
(D) 4300 mg/L
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15-2 FE CIVIL PRACTICE PROBLEMS

9. A high-rate, two-stage anaerobic digester treats raw SOLUTIONS . oo s,
sludge with an input rate of 1200 ft’ /da; The digester
sludge accumulates at a rate of 550 ft*/day. The sludge 1. The food-to-microorganism ratio is
reacts after 12 hr, thickens after 10 hr, and is stored for
20 hr. What is most nearly the reactor velume at the F:M= Q;Sy/(Vol X4)
second stage?
6 &
(A) 460 £t° ( 10 da}) (160 FE)
JoauR (770,000 gat) (700 )
(C) 820 £t &
" = 0.207 Ibm/day-lbm (0.3 Ibm/day-lbm)
(D) 980 ft

The answer is (C).
10. A 15,000 ft* conventional activated sludge system
has a recycle ratio of 0.38, an influent flow rate of 2. The gas produced is primarily methane.
17,000 ft*/day, a mixed liquor volatile suspended solids
(\/ILVSS) concentration of 280 mg/L, and an influent
BODjs of 60 mg/L. What is most nearly the recyele rate
of the system?

The answer is (B).

3. The food-to-microorganism ratio is

(A) 2800 ft*/day F:M = QySo/(Vol X4)

(B) 3600 ft*/day (9100 ;L) (110 nig)

(C) 5300 ££3/day - ay :

(D) 6500 £t3/day (7400 £t3) (490 T)
= 0.28 day™!

The answer is (B).

4. The solids residence time is

V{Xa)
Q-:JI'YTrr + QP‘YPZ
(1400 ft-3)(1800 %)

L
(140 %) (500 r‘I:g)

(240 d%) (1900 Z5)

= 4.667 days (5 days)

.=

m
3

=
5
o
o
=
3

(=

|eluswuoIIAUg

The answer is (C).

5. Calculate the amount of MLSS.

sludge volume after settling (mL/L) % 1000

Sl MLSS (mg/L)
_ sludge volume after settling (mL/L) * 1000
MLSS = SV
(200 1) (1000 “’g)
L g
- g5 2L
g

= 4.0 x 10* mg/L

The answer is (C).
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ACTIVATED SLUDGE AND SLUDGE PROCESSING ]5-3

6. The volume of the aerobic digester is 9. The reactor volume is
Q!(‘YI + Fsi} L Vo
f - I  vol = _- a
V XakaPo £1/67) reactor volume 5 te+ Vat,
3
ft ) mg : mg 1200 2 4 550 £
1102 T e (0.5)(310 ——)
_( day (( L) ( L ) dyz day (10 hr)
mg & 1
12 = . ~1)(0.
( T ) ((0 75 day~1)(0.3) + (3 days))
. 3
= 2643 f3 (2600 ft®) + (550 ff—) (20 hr)
B day ]
The answer is (D). 94
day
7. The reactor volume of the first stage is =8229 ft* (820 ft%)
reactor volume = V¢, The answer Is (C)
ft )
_ (420 3;37) 0 ) 10. The recycle flow rate is
- hr
A day Qrn= QR
=175 ft* (180 ft*) (17 000 ——) (0.38)
The answer is (B). = 6460 ft*/day (6500 ft*/day)
8. The tank concentration is The answer is (D).
o 0V (50 = 8)
AT TH(1 + kaB.)
mg ., mg hy
6 days)(0.4)( 170 5.2 24 —
( ays)( }( Y L)( da\)

(5 hl}(l + (0.1 day—1)(6 da_\'s)}

o
c
=
o
@
L
=)
c
L

= 1187 mg/L (1200 mg/L)

S
=
@
E
c
o
—
S
=
ud

The answer is (A).
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1. Which of the following pollutants is NOT a criteria
pollutant as defined by the National Ambient Air Qual-
ity Standards (NAAQS)?

(A) carbon dioxide
(B) lead

(C) nitrogen dioxide
(D) dust

2. Carbon monoxide has been measured in an automo-
tive repair garage at 9 parts per million by volume
(ppmv). Most nearly, what is the observed concentra-
tion per cubic meter?

(A) 11 mg
(B) 24 mg
(C) 52 mg
(D) 94 mg

3. The abbreviation VOC stands for
(A) volatile organic carbon
(B) various ocean chemicals
(C) virtual objectionable chemicals

(D) volatile organic compound

4. Which of the following equations represents the for-
mation of acid rain?

(A) S+ O + H;0 — H,S0,
(B) SO + Oy + H,0 — H,S0,
(C) SO, + Hy0 — H,S0;
(D) SO; + H;0 — H,80;

5. Incomplete combustion of fossil fuels typically results
in the selective production of

(A) ozone
(B) smog
(C) carbon monoxide
(D) fly ash

Air Quality

6. What is the minimum size of particles generally con-
sidered to be inhalable hazards?

(A) 2.5 um

(B) 10 pm-

(C) 50 pum

(D) 250 um
7. Which of the following devices is the LEAST effective
at removing fly ash particles with a diameter of 1 um?

(A) electrostatic precipitator

(B) fabric baghouse

(C) venturi water scrubber

(

D) air cyclone

PPl ¢ www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

16-2

SOLUTIONS

1. The criteria pollutants are carbon monoxide, lead,
nitrogen dioxide, coarse and fine particles, ozone, and
sulfur dioxide.

The answer is (A).

2. Since the carbon monoxide concentration as a mass
per cubic meter is desired, calculate the mass of carbon
monoxide in one cubic meter of air. The molecular
weight of carbon monoxide is

MW = 12,011 -2 1+ 15.999 &~ — 98.01 g/mol
mol mol :

The volume of carbon monoxide is 9 x 107% m?, and
using typical atmospheric conditions (1 atm and
16°C), the mass of this volume is

pV

vk

(1 atm)(101.3 kPa)(9 x 107% m?)

% (1000 mg) (1000 m"l)

m=

N g kmol
- 3
3.314 £T22
— = 1 (18°C +273°)
28.01 =
mol
= 10.55 mg (11 mg)

The answer is (A).

3. VOC is an abbreviation for wolatile organic
compound.

The answer is (D).

4. SO; + HO — HsS0,4 represents the formation of
acid rain.

The answer Is (D).

5. Incomplete combustion is caused by a deficiency of
oxygen during combustion. Carbon burns to CO
because there is inadequate oxygen to produce CO,,

The answer is (C).

6. Thoracic particles are generally less than 10 pm in
size and are designated PM,.

The answer is (B).

7. Cyclones rely on gravitational and centrifugal forces
to collect particles. Small particles have small masses,
rendering force-dependent collection methods less
effective.

The answer is (D).
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PRACTICE PROBLEMS

1. An undisturbed sample of clay has a wet mass of
100 kg, a dry mass of 93 kg, and a total volume of
0.0491 m® The solids have a specific gravity of 2.65.
The void ratic is most nearly

(A) 0.31
(B) 0.40
(C) 0.61
(D) 1.0

2. A saturated sample of undisturbed clay has a wet

mass of 318 kg and a dry mass of 204 kg. The total

volume of the sample is 0.193 m”. Most nearly, what is
the specific gravity of the soil solids?
(A) 24
(B) 2.6
(G) 27
(D) 2.9
3. A soil’s grain-size distribution curve is as shown. The
effective grain size is 0.19 mm, and Dy is 0.49 mm.

N

80 N

100
l

60

40

percent finer by weight

20+ L

M~

10 1 0.1 0.01
grain size {mm)

0.001

The coefficient of gradation is most nearly
(A) 0.17

(B) 0.44

(C) 1.6

(D) 3.0

Soil Properties and
Testing

4. A soil has the following characteristics.

percentage fines, F  69%
liquid limit 72
plastic limit 48

Using the Unified Soil Classification System, what is the
classification of the soil?
(A) GW
(B) ML
(C) MH
(D) CH

5. A sample of soil has the following characteristics.

% passing no. 40 screen. 95
% passing no. 200 screen 57
liquid limit 37
plastic limit 18
What is the AASHTO group index number?
(A) 5
(B) 6

(D) 8

6. The lines in a graphical seepage flow net intersect to
form a pattern of

(A) triangles
(B) trapezoids
(C) squares

(D) rectangles

7. A flow net is constructed of
(A) isobars and aquicludes
(B) isobars and streamlines
(C) streamlines and isochrones

(D) isogons and isopleths

PPl ¢ www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

17-2

8. Granular soils tend to densify and consolidate if
subjected to vibrations and seismic shaking. When sat-
urated granular soils undergo seismic vibrations, they
become subject to cyclic shear deformation, which
causes an increase in pore water pressure. The result is
usually a severe reduction in effective stress. This haz-
ardous soil condition is called

(A) consolidation
(B) liquefaction
(C) heave

(D) boiling

9. The specific gravity of the soil solids in a given
sample is 3.11. The porosity of the soil is 27%. What is
most nearly the effective unit weight of the soil sample?

(A) 96 lbf/ft?
(B) 110 Ibf/ft®
(C) 130 Ibf/f>
(D) 160 Ibf/ft?

10. The total unit weight of a given soil is 120 Ibf/ft”,
The soil has a porosity of 0.26 and is 100% saturated.
The dry unit weight of the scil is most nearly

(A) 58 Ibf/ft?
(B) 86 Ibf/ft?
(C) 100 Ibf/ft?
(D) 120 Ibf/ft®

14. A 1 L field sample contains soil with an initial
weight of 30 N. The soil is dried completely in an oven
at 100°C. The weight of the soil after drying is 22 N.
The maximum volume of the dry soil sample is 1.5 L,
and the minimum volume is 0.60 L. The relative density
of the soil is most nearly

(A) 37%
(B) 56%
(C) 62%
(D) 75%

12. An undisturbed 10 cm wide x 10 cm long x 5 ¢cm
high sample of clay has a dry weight of 32 kg, The dried
soil sample is compacted into a minimum volume, a
rectangular prism 8.5 cm wide x 3 cm high x 3.5 cm
high. What is most nearly the relative compaction of the
soil sample?

(A) 33%

(B) 45%

(C) 49%

(D) 54%

13. A soil sample has the particle size distribution
shown.

100 | —

| 57
80 | 7

80 -
70 i/
o U/ [ |
50 A1 !
i By |
30 % —1 :

20

10 /
0 / |
0.1 1 10
particle diameter {mm]

percent passing

What is most nearly the coefficient of uniformity of the
soil?

(A) 0.4
(B) 0.8
(C) 3
(D) 6
14. A soil has a void ratio of 0.41. The unit weight of

the solids is 33 kN/m® What is most nearly the sat-
urated unit weight of the soil?

(A) 26 kN/m?
(B) 29 kN/m®
(C) 33 kN/m®
(D) 37 kN/m*
15. The water content of a saturated soil sample is

26%, and the void ratio is 0.57. The unit weight of the
solids is most nearly

(A) 4.5 kN/m®

(B) 9.8 kN/m®

(C) 22 kN/m?

(D) 28 kN/m?®
16. An undisturbed soil sample with a volume of 0.30 ft*
is weighed in a 0.2 1bf pan. The combined weight of the
soil sample and the pan is 40.5 1bf. The soil is then
completely dried in an oven at 100°C. After drying,
the combined weight of the soil and the pan 15 35.2 Ibf,
The unit weight of the soil solids is 194 Ibf/ft®. What is

most nearly the volume of the air in the original soil
sample?

(A) 0.010 ft
0.035 ft°
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SOIL PROPERTIES AND TESTING 17-3

17. A 0.10 m® saturated soil sample is weighed in a 34 kg
pan. The combined weight of the soil and the pan is 450 kg.
The soil sample is completely dried in an oven. After
drying, the combined weight of the soil sample and the
pan is 385 kg. What is most nearly the unit weight of the
saturated soil sample?

(A) 27 kN/m®
(B) 34 kN/m®
(C) 41 kN/m®
(D) 44 kN/m?®

18. The results of a sieve analysis are shown.

100 s
80 -]

80 -

270 Y
8 60
1]

& 50 /
g 40 /
@ 30 A
20 /
10 )
0 —1 |
0.01 0.1 1 10

particle diameter {(mm)

Most nearly, what is the coefficient of curvature of the
soil sample?

(A) 0.3
(B) 0.7
(C) 2
(D) 3

SOLUTIONS

1. Find the volume of water in the sample. If the wet
mass is 100 kg and the dry mass is 93 kg, there are 7 kg
of water in the sample. The standard density of water is
1000 kg/m®, so the volume of 7 kg of water is

VW e miy = 7 kg

Pw 1900 X
md
= 0.007 m*

Solve for the volume of solids using the equation for
specific gravity,

s
= Vs

Pw

. mg
Vo= —2—

@ Gspw

93 kg
kg

(2‘65)(1000 mB)

=0.0351 m®

Gs

The volume of air in the sample is

Va= Vi — Vw — Vg
= 0,0491 m3® — 0.007 m? - 0.0351 m?®
=0.007 m?

The volume of voids is

Vy= V4+ Vy =0.007 m® + 0.007 m*
=0.014 m*

The void ratio is

o Vv _ 0.014 m?
Ve 0.0351 m3
~0.399 (0.40)

The answer is (B).

2. If the sample is saturated, there is no air in the
sample. The mass of water in the sample is

my = 318 kg — 204 kg = 114 kg

The density of water is 1000 kg/m?®, so the volume of
water in the sample is
Vw =@=LM‘:§._: 0.114 m®

1000 =&
m
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The volume of solids in the sample is
V=V - Vyp=0193 m® - 0.114 m® = 0.079 m*

The specific gravity of the solids is

Ws 204 kg
V 3
Gy=L2_ 000 m
Pw 1000 =5
m

=258 (26)

The answer is (B).

3. As read from the distribution curve. Dyp=0.39 mm.
The coefficient of gradation is

D2
g
© Dy iy

(0.39 mm)*
(0.19 mm)(0.49 mm)

=163 (L6)

The answer is (C).
4. When F is 69%, the soil is first classified as fine-
grained. From the plasticity chart, for a lquid limit of

72 and a plasticity index of 48, the soil is classified
as CH.

The answer is (D).
8. The plasticity index is
PI=LL—-PL=37-18=19
The group index is
GI= (F —35)(0.2 + 0.005(LL — 40})
+ 0.01(F — 15)(PI — 10}
= (57 — 35)(0.2 + (0.005)(37 — 40))
+ (0.01)(57 — 15)(19 — 10)
=785 (8)

The answer is (D).

6. The intersections of streamlines and equipotential
lines must be perpendicular and form a grid of four-sided
shapes. These shapes can be referred to as curvilinear
squares. The sides of the square may be curved, but
perpendicular intersections are maintained.

The answer is (C).

7. A flow net uses streamlines ({low lines) and equipoten-
tial lines (isobars) to show pressure and flow path graphi-
cally. Equipotential lines represent levels of constant
hydraulic head, and streamlines represent paths of flow.

The answer is (B).

8. The occurrence of liquefaction can result in loss of
bearing capacity and immediate settlement of founda-
tion elements. Excessive settlement and foundation
movement can cause severe structural damage and pos-
sibly life-threatening destruction of buildings.

The answer is (B).

9. Rearrange the equation for porosity to calculate the
vold ratio of the soil sample.

1+e
= T

1—n
R
iR
= ()87

Calculate the saturated unit weight of the soil sample.

_(Gs+e)vw

'Ysr\t_' 1_|_ e
(3.11+0.37) (624 %}
- 140.37

= 158.5 Ibf/ft®
The effective unit weight of the soil sample is

lf— -~
Y= Year —TW

- Ibf ., Ibf
= 1585 73 — 624
= 96 Ibf/ft}

The answer is (A).

10. The total unit weight of the soil is the combined
weight of the soil and the water. For a saturated soil, the
water completely fills the voids. The weight of the water
is the unit weight of water multiplied by the volume of
the voids. :

W_Ws+Ww Ws Wy

Lt A T A
_Ws  qwVv
T ¥
=%p+rwn
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The dry unit weight of the soil is

Tp = Yeat — Twh

i BE_ fapg B
=120 25— (624 )(0:26)

= 103.8 Ibf/ft® (100 Ibf/ft3)

The answer is (C).

11. Calculate the dry unit weight, maximum dry unit

weight, and minimum dry unit weight of the sample.

_Ws_»N
Ve-field = v 1
=22 N/L
_Ws_ 22
Yd-min = Vv T 15L
= 14.67 N/L
o _Ws_mN
fd=max T V = 0.60 L
= 36.67 N/L

The relative density of the soil sample is

Dr - (’}Id'ﬁelt’ ’}J-mn)(-)(d-umx) x 100%
(T FYG.‘I‘.I]]“)(’}'& ﬁeld)

i (2 % N14 67 L)£36.67 %) o
(36.67 T - 1467 E) (22 E)

The answer is (B).

12. Substitute the equation for dry unit weight into the
equation for relative compaction of the soil sample.

. _Ws
D=

RC = Jefield o 1909

¥ d-nax

&)

fild o 100%

W

RO = V0 » 100% = V“““xmo%
Ws Va
Vllll]'l

_ (85 em)(9 ecm)(3.5 cm)
(10 cm)(10 em)(5 ¢

= 54%

x 100%

The answer is (D).

13. The diameter at which 10% of the particles are finer
is 0.2 mm, and the diameter at which 60% of the parti-
cles are finer is 1.2 mm. Calculate the coefficient of
uniformity.

Dgp 1.2 mm
D]ﬂ 02 11
=6

=

The answer is (D).

14. Substitute the equation for unit weight of the solids
into the equation for the saturated unit weight of the
soil,

W
L
T w

W
e 7; = Ggyw

Gs=

(Gs + 5)“’W Gsvw + evw

Vsae = l1+e l+e
_Jg+ ey
14 ¢
kN kN
B + (0. 11)(9 81 m)
1+0.41
=26 kN/m3

The answer is (A).

15. For a saturated soil, the volume of voids is the
volume of the water.

V' max o Ws
Vv Vi
The volume in the ﬂgld is the in'itial volume of the _so.il vV Ts
sample, and the maximum density occurs at the mini-
mum volume. Calculate the relative compaction.
PPI ¢ www.ppi2pass.com
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17-6 FE CIVIL PRACTICE PROBLEMS

The unit weight of the solids is

Ww Ww
¥ We, Vu dw
e Yw Ws 7
Vs Vg
- It
Lt
kN
B (9.81 Ej(o.m‘)
0.26

= 22 kN/m?

r's

The answer is (C).

16. The weight of the water in the sample is

WH-" o I'I’rpanmid spil,initial — Wpau anl soil.final
= 40.5 Ibf — 35.2 Ibf
= 5.3 Ibf

The weight of the solids in the sample is

I'VS = Ir{-pﬁn and soil final — Wpan
= 35.2 Ibf — 0.2 1bf
= 35.0 Ibf

Calculate the volume of water in the sample.

Vi Ww _ 5.3 Ibf
Tw 1bf
62.4 7
= 0.085 ft?
Q Calculate the volume of solids in the sample.
o
§ VS:_E_V_SZ%.O Ibf
.3 Y 104 L
o ft3
<4
T = 0.180 ft*

The volume of air is

Vietar= Va+ Vw + Vg
Vi= Vieta — V= Vg
= 0.30 ft3 — 0.085 ft* — 0.180 ft?
= 0.035 ft*

The answer is (B).

17. The unit weight of the saturated soil sample is the
combined weight of the soil and water divided by the
volume of the sample. Calculate the weight of the sat-
urated soil sample.

r e r
W sat = Wrsat_.suil:m(l pan — M'pan

N
(450 kg — 34 kg) (9.81 kg)

4 N
1000 1

= 4.08 kN

The saturated unit weight is

== 1‘1”3;&: or 408 kN
V 0.10 m?

= 41 kN/m®

A."sat

The answer is (C).

18. The diameter at which 10% of the particles are finer
is 0.28 mm. The diamecter at which 30% of the particles
are finer is 0.37 mm. The diameter at which 60% of the
particles are finer is 0.7 mm. Calculate the coefficient of
curvature.

- D%  (0.37 mm)°
o DioDgo (028 mm)(0.7 mm)
=0.7

The answer is (B).
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1. A 1 m wide continuous footing is designed to support
an axial column load of 250 kN per meter of wall length.
The footing is placed 0.5 m into a soil with a cohesion of
25 kPa and an angle of internal friction of 5°. Most
nearly, what is the value of the Terzaghi bearing capac-
ity factor, N,?

(A) 0.5
)
(€)1
)

2. A concentrated vertical load of 6000 lbf is applied at
the ground surface. Most nearly, what is the increase in
vertical pressure 3.5 ft below the surface and 4 ft away
from a point directly below the concentrated load?

(A) 29 Ibf/ft?
(B) 36 Ibf/ft?
(C) 41 Ibf/ft?
(D) 58 Ibf/ft?

3. A 10.75 cm diameter steel pile is driven 25 m into
stiff, insensitive clay. The pile has an average friction
capacity of 120 kPa and an ultimate tip end-bearing
capacity of 7.4 kPa. The design parameters call for a
factor of safety of 3. Most nearly, what is the allowable
bearing capacity of the pile?

(A) 43 kN
(B) 120 kN
(C) 260 kN
(D) 340 kN

4. A 2 m wide continuous wall footing is designed to
support an axial column load of 600 kN (per meter of
wall length) and a moment of 250 kN'm (per meter of
wall length), as shown. The footing is placed 1 m into a
sandy soil with a density of 2000 kg/m® a cohesion of
0.5 Pa, and an angle of internal friction of 30°.

Foundations

Most nearly, what is the ultimate bearing capacity per
meter of footing length?

(A) 84 kPa

) 210 kPa
(C) 430 kPa
(D) 830 kPa

5. A 3 m wide continuous footing is designed to support
an axial column load of 2000 kN per meter of wall
length. The footing is placed 1.8 m into a soil with a
density of 2500 kg/m®, a cohesion of 20 kPa, and an
angle of internal frlCthIl of 10°. Most nearly, what is the
value of the Terzaghi bearing capacity factor, IV,?

(A) 1.2

(B) 2.7

(C) 9.6

(D) 1
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I18-2 FE CIVIL PRACTICE PROBLEMS

1. From a table of Terzaghi bearing capacity factors,
for ¢ =5°, N.=0.5,

The answer is (A).
2, The increase in vertical pressure is
3Pt

2n(r? + 22

_ ((3)(62?10 lbf))

g; = B9
)a,. 2

(3.5 ft)®
2 oy B2
() + @5 07)

= 28.96 Ibf/ft> (20 Ibf/ft?)

The answer is (A).

3. The capacity of a pile is the sum of the skin friction
capacity and the tip end-bearing capacity.
Asurtace = CL = nDL
_ m(10.75 cm)(25 m)
100 &
m

= 8.44 m?
The skin friction capacity is

Gskin = Asurfncc Ss,skiu
= (3.44 m?)(120 kPa)
— 1013 kN

The tip area of the pile is

xD? n(10.75 cm)2
m
= 0.009 m?

The tip end-bearing capacity is

Giip = ATEPQi:.tE]; = (0009 mg)(T'l I\P&)
= 0,067 kN 0. Use 0 kN.]

Considering the factor of safety. the pile's capacity is

_ Guin* Gup _ 1013 kN + 0 kN
Yo FS 3
~337.7 kN (340 kN)

The answer is (D).

4. From a table of Terzaghi bearing capacity factors,
for =30°, N, =37.2, N, =225, and N, =19.7.

The ultimate bearing capacity is
= Cf\'rc - "y'erN,’, -+ -é-"}fﬂBN‘,}.
= (0.5 Pa)(37.2)

kg m SR
+ (2000 513) (9.31 52)(1 m)(22.5)

kg m
1 = e 1
e (2000 mﬁ) (081 B)(2 m)(19.7)
= 827983 Pa (830 kPa)
The answer is (D).

5. From a table of Terzaghi bearing capacity factors,
for 0 =10°, N, =2.7.

The answer is (B).
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PRACTICE PROBLEMS

1. A soil has an angle of internal friction of 25°, What is
most nearly the Rankine active earth pressure
coefficient?

(A) 0.34
(B) 0.41
(C) 0.52
(D) 0.58

2. A soil has an angle of internal friction of 25°. What is
most nearly the Rankine passive earth pressure
coefficient?

(A) 0.59
(B) 1.6
(C) 2.5
(D) 4.1

3. A retaining wall supports soil with a vertical height
of 2 m. The soil has an angle of internal friction of 32°
and a specific (unit) weight of 25 kN/m® Most nearly,
what is the active lateral soil resultant?

(A) 5.0 kN/m
(B) 15 kN/m
(C) 46 kN/m
(D) 92 kN/mn

4. An excavated slope in uniform soil is shown. The
specific weight is 14 kN/m® the cohesion is 15 kPa,
and the angle of internal friction is 15°.

AT e,

-~~~ assumed
failure plane

What is most nearly the available shedring resistance
along the assumed failure plane?

(A) 350 kN/m
(B) 600 kN/m
(C) 680 kN/m
(D) 940 kN/m

Rigid Retaining Walis

5. A uniform soil slope has a planar slip surface length
of 100 m. The soil’s cohesion is 5 kPa, and the angle of
internal friction is 40°. The angle that the assumed fail-
ure plane makes with respeet to the horizontal is 25°,
The weight of the soil mound above the assumed failure
plane is 2000 kN /m. What is most nearly the mobilized
shear force along the assumed failure plane?

(A) 500 kN/m

(B) 850 kN/m

(C) 1500 kN/m

(D) 2000 kN/m
6. An excavation is made in uniform soil. The available
shearing resistance along an assumed slip surface is
1350 kN/m. The mobilized shear force along the slip
surface is 465 kN/m. The slip surface makes an angle of

45° with respect to the horizontal. What is most nearly
the factor of safety against slope instability?

(A) 1.5
(B) 2.1
(C) 2.9
(D) 4.1
7. A retaining wall extends 3 m from the top of bedrock

to the ground surface. The soil is cohesionless and has
the properties shown,

retaining wall
/ ground surface

v e %

H=3m

¢ = 35°
p = 1834 kg/m?3

! /-bedrock
AV P ST A TR S R S TR G
Using Rankine theory, the total active earth pressure
per unit width of retaining wall is most nearly

(A) 15 kN/m

(B) 22 kN/m

(C) 44 kN/m

(D) 82 kN/m

PPl ©# www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

19-2

SOLUTIONS

1. The active lateral earth pressure coefficient is

K 4 = tan? (45“’ - fg)

= tan® (45" 257 )
=0.406 (0.41)

The answer is (B).

2, The passive earth pressure coefficient is

P A 0 25°
Kp = tan (45 +2) tan? (45 2)

=246 (2.5)

The answer is (C).

3. The active lateral earth pressure coefficient is

K4 = tan® (45° - g)

= tan (4 330)

= 0.307

Find the resultant active force.
= L iy 2(ps KN
Py =LK HY = (1)(0.307)(2 m) (25 1'{13)
=154 kN/m (15 kN/m)

The answer Is (B).

4. The relationships between forces on a free-body dia-
gram of the soil are shown.

Calculate the length of the assumed planar slip surface.

h 10 m

sinag  sin15°

=38.64 m

The height of the triangle wedge, b, is

i
16° By 1587
| |
Ls
hy = %tana
= 38.64 m)tan 15°
=5, 176 m

Calculate the weight of the soil above the failure plane.

W = (area of soil wedge)y = $hiLgy
kN
s T E —
= §(5.176 m)(38.64 m) (14 m3)

The available shearing resistance along the failure plane is

Trp = cLg + Wy cosagtan ¢
kN a g
= (15 kPa)(38.64 m) + (1400 H)cos15 tan 15
=942 kN/m (940 kN/m)

The answer is (D).

5, The mobilized shear force along the failure plane is

Thos = Wyrsinag
= (2000 @) sin 25°
m
= 8452 kN/m (850 kN/m)

The answer is (B).

6. The factor of safety against slope instability is

The answer is (C).

PPl # www.ppiZ2pass.com




RIGID RETAINING WaLLS 19-3

7. The coefficient of active lateral earth pressure is

K4 = tan? (45“ - g)

— tan?(45° — 320
= tan (45 5 )
=27
The total active force is
Py=1iK,Hy

= (i 2 kg i

= ()(0.27)(3 m) (1834 ma) (9.81 sz)

=21940 N/m (22 kN/m)

The answer is (B).
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1. An anchored bulkhead is typically supported by an
embedded base with a tieback near the top. Sheeting
can be used to span the distance between the embedded
piles. The LEAST commonly observed failure with this
type of construction is typically

(A) soil heave of the base layer

(B) failure of the sheeting

(C) pull-out of the anchorage

(D) embedment at the base such as toe kick-out

2, For the purposes of calculating the maximum stress
in a braced cut, what are the primary factors in deter-
mining the shape of the pressure distribution?

(A) lateral earth pressure coefficient, specific weight,
and cut depth

(B) specific weight, cut depth, and cohesion
(C) cut depth, soil shear strength, and specific
weight

(D) angle of internal friction, lateral earth pressure
coefficient, and cohesion

3. A 30 ft deep. 40 ft square excavation in sand is being
designed. The sand will be dewatered before excavation.
The angle of internal friction is 40°, and the specific
weight is 121 Ibf/ft?, Bracing consists of horizontal shor-
ing supported by 8 in soldier piles separated horizontally
by 8 ft. Assuming a simple uniform pressure distribution
behind the shoring, what is most nearly the maximum
pressure on the piles?

(A) 500 Ibf/ft*
(B) 1100 1bf/ft?
(C) 2400 Ibf/ft*
(D) 3600 Ibf/ft*

Excavations

SOLUTIONS = =

1. For anchored bulkheads, the sheeting material span-
ning between the piles is typically the most reliable
portion of the system. The highest failure occurrence is
usually in the base heave of soils followed by anchorage
pull-out. Failure of the sheeting is rare.

The answer is (B).

2. While the value of the maximum pressure in a braced
cut depends on the lateral earth pressure coefficient,
specific weight, and cut depth, the shape of the pressure
distribution depends on the stability number, vH /c.

The answer is (B).
3. The maximum pressure is

Proax = 0.65K 4y H

= 0.657H tan? (45" - g)
= (0.65) (121 lf%f) (30 ft]ta,n1’(45o - 43::)

=513 Ibf/ft? (500 Ibf/ft?)

The answer is (A).
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Systems of Forces
and Moments

4. A bent beam is acted upon by a moment and several
concentrated forces, as shown.

1. In the system shown, force F, line P, and line Q) are
coplanar. 60 N

M =20 N-m

F=300N

[\ B c ) Ei
P A A A I
Resolve the 300 N force into two components, one along -
line P and the other along line Q. 10 N‘{J.z mzo N . 10 NO.Z * i’:
(A) Fq=272N; Fp=126 N ]
. Approximate the unknown force, F, and distance, z,
(B) Fq=232N; Fp=186 N that will maintain equilibrium on the beam.
] Sy=10 B =0 N (A) F=5N; z=08m
(D} FQ:212 N; Fp:Z?G\I (B) F= 10 NZ I=06 i

(C) F=20N;z=02m

2. Which type of load is NOT resisted by a piuned
(D) F=20 N;z=04m

joint?

(A) moment
5. For the member shown, the 700 N-m moment is

(B) shear applied at point B.
(C) axial
g 200 N
(D) distributed A{
114
‘ ' . i 1A
3. The loading shown requires a clockwise resisting
moment of 20 N.m at the support.
15N
* ' 300N
' ] 7 8m
VT *?5 N Z 1 g
7 & ®
| | | 7 D| |
! X " 2m
0.5m im 05m & y Al
What is most nearly the value of force F7 —Ig’ ) g 150 N
" X
(A) 25 N (up) 700 N'n}-h{—m;__.il
150 N

(B) 27N (up)
(C) 38 N (down)
(D) 43 N (down)

PPl @ www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

21-2

If the member is pinned so that it rotates around
point B, what counteracting moment must be applied
at point A to keep the member in equilibrium?

(A) 650 N-m
(B) 890 N-m

(C) 1150 N-m
(D) 1240 N-m

6. A force is defined by the vector A =3.5i-
1.5j + 2.0k. What is most nearly the angle between the
force and the positive y-axis?

(A) 20°

(B) 66°

(C) 70°

(D) 110°

7. In the structure shown, the beam is pinned at
point B. Point E is a roller support. The beam is loaded
with a distributed load from point A to point B of
400 N/m, a 500 N.m couple at point C, and a vertical
900 N force at point D.

+500Nm

4

el + (.: 1.5m 25m ?

: I i‘!.?m
Y Spp—" L A-==AF====- Es]—
W/lP/J/'/A ' : ’%/7 §2m
| ! 900 N ,
2m 3am -De '
Tm

If the distributed load and the vertical load are removed
and replaced with a vertically upward force of 1700 N at
point F, what moment at point F would be necessary to
keep the reaction at point E the same?

(A) —9000 N-m (counterclockwise)
(B) —6500 N-m (counterclockwise)
(C) 3500 N-m (clockwise)

(D) 12000 N'm (clockwise)

8. Where can a couple be moved on a rigid body to have
an equivalent effect?

(A) along the line of action
(B) in a paralle]l plane

(C) along the perpendicular bisector joining the two
original forces

(D) anywhere on the rigid body

8. The overhanging beam shown is supported by a
roller and a pinned support. The moment is removed
and replaced by a couple consisting of forces applied at
points A and C.

100 N 100 N/m
¢ 25 N'm
A k 'B" ®C
A | e o
ol | - |

0.1m 0.5m 0.2m 04m

What is the magnitude of the forces that constitute the
couple?

(A) 21N

(B) 42N

(C) 63N

(D) 83N

10. A disk-shaped body with a 4 cm radius has a 320 N
force acting through the center at an unknown angle 6,
and two 40 N loads acting as a couple, as shown. All of
these forces are removed and replaced by a single 320 N
force at point B, parallel to the original 320 N force.

Most nearly, what is the angle 67
(A) 0°
(B) 7.6°
(C) 15°
(D) 29°
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SYSTEMS OF FORCES AND MOMENTS 21]1-3

11. The overhanging beam shown is supported by a 1m 3m 45m
roller and a pinned support. The moment is removed ’ | [

and replaced by a couple consisting of forces applied at
points A and C.

D

signal arm i

sign

‘500 N 210 N/m

*F%. e

02m 07m  04m 06m

]

=k

What is most nearly the magnitude of the couple that
exactly replaces the moment that is removed? o i

(A) 0.080 N-m
(B) 0.16 N-m
(C) 8.3 N-m
(D) 15 N-m

12. Which structure is statically determinate and
stable with the loadings shown?

As limited by moment on the connection, what is most
nearly the maximum area of the sign?

(A) 1.0 m?

(B) 1.2 m*

(C) 2.8 m?

(D) 5.6 m?

14. A hinged arch is composed of two pin-connected
curved members supported on two pinned supports, as
shown. Both members are rigid. A horizontal force of
1000 N is applied to pin B, as shown. All coordinates are
in meters.

é,,’%/, P

: i - y
111 v

1000 N

member 2

(A) I only
(B) I and HI
(C) Tand IV ;
Most nearly, what are the reactions and moments at @
(D) II and III joint A? o
: » (A) F,=500 N; F,=600 N; My = 5000 N-m &
13. A signal arm carries two traffic signals and a sign, L H i : g
as shown. The signals and sign are rigidly attached to (B) F»=800N; Fy=B00 N; My=0Nemn
the arm. Each traffic signal has a frontal area of 0.2 m” (C) F,=680N; F,=400 N; My =>5000 N-m
and weighs 210 N. The sign weighs 60 Pa. The design (D) F,=616 N; Fy= 480 N; My =0 N-m

wind pressure is 575 Pa. The maximum moment that
the connection between the arm and pole can withstand
due to wind is 6000 N-m, and the maximum permitted
moment due to the loads is 4000 N-m.

PPl ¢ www.ppi2pass.com




FE CIVIL PRACTICE PROBLEMS

21-4

SOLUTIONS

1. One of the characteristics of the components of a
force is that they combine as vectors into the total force.
Draw the vector addition triangle and determine all of
the angles and sides.

. "

Fe

Use the law of sines to calculate the components.

A R
sin110° sin23° sind5°
300N __Fq __Fp
sin110° sin25° sin45°

Fo = (300 N) 2025 _ 134 9N (135 N

Q = (300 )= 1349 N (135 N)

T i 450 - T
Fp= (300 N)2222_ _92957N (226 N
A0 Nics Togs = %0 (&0 )

The answer is (C).
2. A pinned support will resist forces but not moments.
The answer is (A).

3. Clockwise moments are positive. The sum of the
moments around the support is

ZM=U

=20 N'm — (75 N){0.5 m) — F(1.5 m)
— {15 N)(1.5 m)
F=-27N (27N) [up]

The answer is (B).

4. The sum of the forces in the y-direction is

S Ey=1
=-60N+10N+20N+10N+F
F=20N

Clockwise moments are positive. The sum of the
moments around point A is

D Ma=0
= 20 N-m — (20 N)(0.2 m)
— (10N)(0.2 m + z) — (20 N)(0.4 m + z)

4424104+ 8+20x=20
30zx=26

= tham

The answer is (C).

5. Let clockwise moments be positive. Take moments
about point B.

> Mp =700 N-m + (150 N)(4 m)
- (300 N) (%) (2 m)
— (300 N) (%) (4 m)
+(200 N)(3) (8 m)
=1242 N-m (1240 N-m)
The application point of the moment is irrelevant,

The answer is (D).

6. The magnitude of the force is

Fo (| Fot Bo - Y

= /(3.5 + (-1.5) + (2.0)°
=4.3
F, =
f = arccos 7" = arccos 4—13§

=1104° (110°)

The answer is (D).

7. The reaction at point E is unknown, but it is irrele-
vant. Since the reaction is to be unchanged, it is neces-
sary only to calculate the change in the loading.

Assume clockwise moments are positive. Take moments
about point B for the forces that are removed and
added.

¥ My = — (400 ‘2) (2 m) (2_52)
+ (900 N)(1 m+ 1.5 m + 3 m)
—(=1700 N}(1.5 m 4 3 m)
=11800 N'm (12000 N-m) [clockwise]

This is the moment that is applied by the forces that are
removed, reduced by the moment of the new force that
is applied. A 12000 N-m clockwise moment must be
applied to counteract the change. The location of the
new moment is not relevant.

The answer is (D).
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8. Since a couple is composed of two equal but opposite
forces, the 2~ and y-components will always cancel, no
matter what the orientation. Only the moment pro-
duced by the couple remains.

The answer is (D).
9, The distance between the forces is

d=04m+02m+05m-+01m
=12 m

The forces are
_M_25Nm
P d  12m
=208N (21 N)

The answer is (A).

10. Assume clockwise moments are positive. Take
moments about the center for the original forces. The
320 N force has no moment arm, so it does not. contrib-
ute to the moment. The couple is

M= Fd = -(40 N)(8 c¢m)
= —320 N-cm

The replacement force must produce a moment of
—320 N-cm. The horizontal component of the replace-
ment force acts through the center; only the vertical
component of the force contributes to the moment.

M= -320 N.cm = Fr = —(320 N)(sin6)(4 cm)

f=14.48° (15°)

The answer is (C).

11. A couple is a moment. When a moment of 8.3 N-m
is removed, it must be replaced by the same moment.

The answer is (C).

12. Structure I is simply supported and determinate.
Structure II is a propped cantilever beam, always inde-
terminate by one degree. Structure 111 is a truss that is
pinned at both ends, also indeterminate by one degree.
Structure IV is a beam with three rollers, two in the
vertical direction and one in the horizontal direction. It
is determinate, but not stable.

The answer is (A).

13. The length of the signal arm is
Ilm+3m+45m=85m

Set the moment on the arm due to the wind equal to the
maximum allowed.
> Mying = (0.2 m?)(575 Pa)(8.5 m + 4.5 m)
+ A (575 Pa)(7.5 m) = 6000 N-m
Aggn = 1.04 m?
Set the moment on the arm due to vertical loading equal
to the maximum allowed.
D Migads = (210 N)(8.5 m + 4.5 m)
+ (60 Pa) Ay (7.5 m) = 4000 N-m
Asign = 2.82 m*

The maximum area of the sign is the smaller of these
two values, 1.04 m* (1.0 m?).

The answer is (A).

14. Sum moments about point C. The zcomponent of
the reaction at point A has a zero moment arm,
> Mc = 10F, — (1000 N)(5) = 0
F,=500N

Point B is a pin, which transmits no moment. Sum
moments to the left of point B,

Y Mg = Fy(6) — Fz(5) =0
= (500 N)(6) — F,(5) =0
F,=600N
Point A is a pin, which transmits no moment.

The answer is (B).
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1. Determine the approximate force in member BC for
the truss shown.

3000 N

7.5 m

2. Find the approximate force in member DE for the
truss shown.

B D F

-

A
e
) "'2500%} i
0m 10m ' 10m
(A) ON
(B) 6300 N
(C) 8800 N
(D) 10000 N

Trusses

3. For the truss shown, what are most nearly the forces
in members AC and BD?

'ulm'wim
3 3

(A) AC=11000 N; BD=-7900 N
(B) AC=0 N; BD =—2000 N

(C) AC=1100 N; BD =2500 N
(D) AC=0N; BD=-7900 N

4. The braced frame shown is constructed with pin-
connected members and supports. All applied forces
are horizontal.

100 N - = 100 N
]15m
l.
A
200 N eal ! 5 200N
Lﬁm
100 N - m-J—> 100 N

20m

Most nearly, what is the force in the diagonal member
BA?

(A) ON

(B) 160 N
(C) 200 N
(D) 250 N
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FE CIVIL PRACTICE PROBLEMS

22-2

8. For the cantilever fruss shown, what is most nearly
the force in member AF?

5000 N 10000 N 5000 N
* $ Y
F E YR}
5m
Al 8 c P
T 10000 N
F !
5m 5m
(A) ON
(B) 5000 N
(C) 10000 N

(D) 15000 N

1. Distance AF is

AF= /(5 m+5m)’+ (75 m)’* =125 m
Distance AE is
AE=JAF = (})(125 m) =6.256 m

The sum of the moments around point. A is

> My=0 ,
= (3000 N)(6.25 m) + (3000 N)(12.5 m)
+ (3000 N)}(5 m) — F¢, (10 m)
+ (3000 N)(15 m)
Fe,=11625 N [upward]

From trigonometry, the applied forces are inclined from
the horizontal at arctan(7.5 m/(53 m +5 m)) = 36.87°.

S R=0

= Fa, — (3)(3000 N)cos 36.87°

— (2)(3000 N) + 11625 N

Fu,= 1575 N
2 Ps=10

Fy, + (3)(3000 N)sin 36.87°

Fy = —5400 N

[upward]

I

[to the left]

Use the method of sections.

3000N N F

1575 N

Take moments about point E. The vertical downward
force at point B passes through point E, and it does not
generate a moment.

D Mp=0
= (5400 N)(3.75 m) + (1575 N)(5 m)
— (3000 N)(6.25 m) — BC(3.75 m)
BC = 2500 N

The answer is (D).
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TRUSSES

2. Take moments about point G.
S Mg=0
= (—25000 N)(10 m) + Fy, (30 m)
Fy,=8333 N (upward]

Use the method of sections.
B D |

15 m

i,

LA,

Y =0

= 8333 N — DE,
DE, = 8333 N

An nfom
DE, = (8333 1\‘)(15 m)

= 2778 N

DE = 1/(8333 N)? + (2778 N)?
=8784 N (8800 N) [tension]
The answer is (C).
3. Take moments about point H.
Y My=0
= (5000 N)(24 m) — F1(32 m)
Fy=3750 N

The angle made by the inclined members with the hori-
zontal is

oo

3 m o
arctan —— = 18.435
8 m

(Alternatively, the force components could be deter-
mined from geometry.)

Use the method of joints.

For pin A,
Y.F,=0
— F, + ABsin 18.435°
= 3750 N + ABsin 18.435°
AB= —11859 N |compression]
2 F.=0
= (—11859 N)cos18.435° + AC
AC=11250 N (11000 N) [tension]

For pin C,

Y By=1

BC =0 [zero-force member]

For pin B,

5000 N
P
—7” 8D
AB
¥ Fy=T
= ABcos 18.435° + BE cos 18.435°
+ BD cos 18.435°
0=AB+BE+BD
> F,=0
= ABsin 18.435° + BE sin 18.435°
— BD&in 18.435° — 5000 N
BDsin 18.435° = AB sin 18.435° + (—AB — BD)
X (sin 18.435°) — 5000 N
= sin 18.435°(AB — AB — BD)
— 5000 N
2BD sin 18.435° = —5000 N
BD= -7906 N (-7900 N)

compression in opposite
direction shown

The answer Is (A).
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4, Determine the length of member BA by recognizing 5. Take moments about point B.
this configuration to be a 3-4-5 triangle.
D Mz=0

= —(5000 N}(5 m) + (5000 N)(5 m)

Use the method of sections. Cut the frame horizontally + Ry (5m)
through member BA. '

LBA =250 m

Ry, =0N
B
N = gt By inspection, the force in member AF is equal to the
: vertical component of the reaction at point A.
Ut — b= T T~ The answer is (A).

A

By inspection, the horizontal component of Fy, bal-
ances the two applied horizontal loads.

BA, =100 N + 100 N = 200 N
By similar triangles,
BA = (3)(200 N) = 250 N

The answer is (D).
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2 3 Pulleys, Cables, and
Friction

PRACTICE PROBLEMS _ - _ 3. A rope is wrapped over a 6 cm diameter pipe to
o support a bucket of tools being lowered. The coefficient
1. A 2 kg block rests on a 34° incline. of static friction between the rope and the pipe is 0.20.

The combined mass of the bucket and tools is 100 kg.

If the coefficient of static friction is 0.2, approximately
Lhow much additional force, F, must be applied to keep
the block from sliding down the incline?

(A) 7.TN
(B) 8.8 N
(C) 9.1N What is most nearly the range of force that can be
(D) 14N applied to the free end of the rope such that the bucket
remains stationary?
2. A box has uniform density and a total weight of (A) 560 N to 1360 N
600 N. It is suspended by three equal-length cables, : 10 N
AE, BE, and CE, as shown. Point E is 0.5 m directly i Rt 14401\"
above the center of the box's top surface. (C) 720 N to 1360 N

(D) 720 N to 1510 N

4. The two cables shown carry a 100 N vertical load.

0.6m

Most nearly, what is the tension in cable CE?
Most nearly, what is the tension in cable AB?

(A) 130 N

(B) 200 N (A) 4ON

(C) 370N (B) 50 N

(D) 400 N (C) 60N
(D) 80 N
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5. Most nearly, what is the tension, 7. that must be
applied to pulley A to lift the 1200 N weight?

N A O e e A

[~ fe0eN )|

(A) 75N
(B) 100 N
(C) 300 N
(D) 400 N

1. Choose coordinate axes parallel and perpendicular to
the incline.

The sum of the forces is
SF.=0=F+F;— Wsin¢
F= Wsing — Fy
= mgsing — p NV

mgsing — j,mgeos ¢

mg(sin ¢ — pcosd)

Il

(2 kg) (9‘81 ;—2) (sin 34° — 0.2 cos 34°)
=7TTN
The answer is (A).

2. The length of the diagonal is

BC= /(0.4 m)* + (0.6 m)> = 0.721 m

The cable length is

/ T 2
BE= y/ (0_@21&) +(0.5 m)* = 0.616 m

There is nothing to balance the component force in the
direction from point A to the opposite corner, so the
force in cable AE is zero. Cables BE and CE each carry
half of the box weight. The vertical component of force
in each cable is 300 N.
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PULLEYS,

CABLES,

AND FRICTION

By similar triangles, the tensile force in each cable is

(300 N)(0.616 m)

0.5m =it N

=

The answer is (C).

3. The angle of wrap is

g oy (21 rad) _
6 = (90° + 20 j( e ) =1.92 rad
(This must be expressed in radians.)

The tensile force in the rope due to the bucket’s mass is

F = mg = (100 kg) (9.81 SE,;)
=981 N

The free end of the rope can either be on the tight or
loose side. These two options define the range of force
that will keep the bucket stationary.

The ratio of tight-side to loose-side forces is

F f (0.20 }
21l o = M0 1(1.92 rad)
F $

= 1.468

Multiply and divide the bucket-end tension by this
ratio.

BLN _ ges

1.468
(1.468)(981 N

(670 N)

minimum tension:

maximum tension: )} =1440 N

The answer is (B).
4. Recognize that the orientations of both cables are
defined by 3-4-5 triangles.

The equilibrium condition for horizontal forces at
point A is

Fr=Tpo—Tap=0
$Tac —$Tap=0
Tac=3Tap

The equilibrium condition for vertical forces at

point A is
Fy=Tap+ Tac—100 N=10
T4 +2Tac—100N=0

Substitute (4/3) Tap for Tac.

Tas+ (B)(#) Tap=100 N
16

¢+

The answer is (C).

16) 7p = 100 N
Tap =60 N

5. The free bodies of the system are shown.

BT 21

A

&

A

Y

%

| 1200 N

p )

=-—1200 N+ 47T +48T
12T=1200 N

The answer is (B).

T=100 N
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Centroids and Moments
of Inertia

_____ _ 3. Most nearly, what is the area moment of inertia
about the z-axis for the area shown?
1. Refer to the complex shape shown.

PRACTICE PROBLEMS

Y
y
| 7 cm |
el E
3.5¢cm
1em
radius S - G
Iz.s om | HEme ©°
S0 £ £5¢cm
T4 cm ‘ Al _[B
l [__._'l X
! 1.5 cm
- %
2¢cm
P i (A) 89 cm®
What is most nearly the moment of inertia about the X §
axis? (B) 170 cm
(A) 1500 cm* (C) 510 em*
(B) 3400 em* (D) 1000 cm*
(C) 4600 em”
(D) 5200 cm* 4. Refer to the cross section of the angle shown.
Yl
2. Refer to the composite plane areas shown, _--l l-— 0.5¢cm
T___
3em
a7
. g |
L, L
5¢cm

Most nearly, what is the z-coordinate of the centroid of
the perimeter line?

(A) 1.56 cm

What is the approximate polar moment of inertia about .
the composite centroid? (B) 1.66 cm
(A) 2400 m.i (C‘ 1.75 cm

(B) 5500 m* (D) 1.80 cm

(C) 12000 m*
(D) 17000 m*
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FE CIVIL PRACTICE PROBLEMS

24-2

5. The centroidal moment of inertia about the r-axis for
the area shown is 142.41 cm®,

)

82cm :
- g
B T
JS.B cm
G
H c D
~|28cm
A B
= "
4.1¢cm

Most nearly, what is the centroidal polar moment of
inertia?

(A) 79 cm?

(B) 110 em*

(C) 330 em*

(D) 450 em*

6. Refer to the complex shape shown.

v
§
-
1.5cm
radius
5¢m
8cm
I X
e
3cm

What is most nearly the y-coordinate of the centroid?
(A) 5.5 cm
(B) 7.3 cm
(C) 9.2 cm
(D) 11 em

7. Most nearly, what are the z- and y-coordinates of the
centroid of the perimeter line for the area shown?

4.5 cm
£
3.1cm
G
50cm
lal__e
IH' X
2.5cm

(A) 1.0 cm; 3.8 em
(B) 1.0 cm; 4.0 cm
(C) 23 cm; 44 cm
(D) 2.3 cm; 4.8 cm

8. Refer to the composite plane areas shown. The polar
moment of inertia is 3nr.

4

What is most nearly the polar radius of gyration?

(A) 25m
(B) 2.7 m
(C) 29 m
(D) 31 m
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CENTROIDS AND MOMENTS OF INERTIA 24-3

9. The y-coordinate of the centroid of the area shown is 11. The centroidal moment of inertia of area A, with
5.8125 em. respect to the composite centroidal z-axis is 73.94 cm®,
i The ycoordinate of the composite centroid is 4.79 cm.

4 0% The moment of inertia of area As with respect to the
g 3 composite centroidal z-axis is 32.47 cm”.
& 3cm 1% S
H c 0 _ 5cm
6cm !
L 4cm
l A] ]B % diameter
3cm | o
Most nearly, what is the centroidal moment of inertia 10 ¢em |
with respect to the z-axis? : ] Ay
(A) 82 cm? ~—2cm X2cm Tem
(B) 100 em* | Ay
(C) 220 cm® 10m
(D) 270 em* td L =
1em
10. Refer to the complex shape shown. Most nearly, what is the moment of inertia of the entire

composite area with respect to its centroidal z-axis?

¥
(A) 350 em*
5 (B) 460 cm*
I (C) 480 cm*
4om (D) 560 cm®
3cm
— 12. Most nearly, what are the z- and y-coordinates of
the centroid of the area shown?
5cm
% 12¢m -
; e
' ] x 4cm
hasm ¢ c D}
What is most nearly the z-coordinate of the centroid? 8cm
(A) 2.4 em % B
(B) 2.5 em : — X
(C) 2.8 em oo
(D) 3.2 em

(A) 4.8 cm; 6.8 em
(B) 6.0 cm; 7.2 cm
(C) 6.0 cm; 7.6 cm
(D) 6.0 cm; 8.0 cm
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24-4

13. Refer to the complex shape shown. The moment of
inertia about the y-axis is 352 cm?, and the total area of

the shape is 36.5 cm®.

¥

)

X

What is most nearly the radius of gyration with respect
to the y-axis?

(A) 1.9cem

(B) 3.1 cm
C) 3.3 cm

(
(D) 4.0 cm

SOLUTIONS =

1. Calculate the centroidal moment of inertia, the area,
and the distance from that centroid to the z-axis for

each region.

()
-

I

For region I (rectangular),

A=(2cm)(4 cm) =8 cm*

. 3
I, = oh” _ (2 em)(4 em)” = 10.667 cm’

12 12
d-—4cm=2cm
2

d’A = (2 em)*(8 em?) = 32 cm?
For region 1I (rectangular, including half of region I'V),
A= (2)(5 cm)(2.5 cm) = 25 cm?
bh® (8 cm)(2.5 cm)® s
= T T S 10T
2 2 0.417 cm
2.5 cm

I,

d=4cm+ = §5.25¢m

d*A = (5.25 cm)*(25 ecm?) = 689.0625 cm*

For region III (semicircular, including half of region IV),

I.=0.1098r" = (0.1098)(5 cm)” = 68.625 cm?
d=4cm+2.5 (:mf“l——1P
3n

(4)(5 cm)

= 6.5 cm +
3

=6.5cm + 20 cm
3r

A = (6.5 cm + % cm)i(zgTt cm'z) =2919.3 cm?
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CENTROIDS AND MOMENTS OF INERTIA

24-5

For region 1V (circular),
A=nr? = (1l em)? =1 em?

ot n(l em)?

ey 1
= % em*
d=4 cm+ 2.5 cm
=10 em
d’A = (10 em)*(x cm?)
= 100n cm*

Use the parallel axis theorem for each shape.

L= I, +) d4A
= 10.667 cm® + 32 cm?
+10.417 em* 4 689.0625 cm?
+ 68.625 cm? + 2919.3 cm?

—g em? — 100m em?

= 3415 cm* (3400 cm?)

The answer is (B).

2. For a circle,

Use the parallel axis theorem for a composite area.

4 i 4
I,=(2) (% + (mr? )f--) SS-Lin

2

4 4
Je=Iy +1, =2+ I

= 3nr? = 3n(6.5 m)*
=16824 m* (17000 m*)

The answer is (D).

3. Use the formula for the moment of inertia about an
edge for a rectangular shape.

For rectangle HCBA,

_bh® (1.5 em)(4.5 em)®

g 3

= 45.56 cm?

Ir_l

(I = bh*/12 could have been used, but the parallel axis
theorem would also have to be used.)

Use the parallel axis theorem to calculate the moment of
inertia of rectangle FEDG. d=6.25 cm is the distance
from the centroid of FEDG to the z-axis.

_
12

(7 cm)(3.5 cm)®

- 12

= 982 cm*

Tos 4 Ad?

+ (7 ¢cm)(3.5 ecm)(6.25 cm)?

The moment of inertia for the total area is

Ir = Ir.l ; 1:.'2
= 45.56 cm® + 982 cm?
= 1028 cm* (1000 cm*)

The answer is (D).

4. The length of the perimeter is

L=5cm~+0.5cn+4.5cm
+25ecm+05cm+3 cm

= 16 em

The zcoordinate of the centroid of the line is

. ZI;L
= —-—L—

Xy

= (161cm) ((2.5 em)(5 cm) + (5 cm)(0.5 cm)

+ (2.75 em)(5 cm — 0.5 cm)

+ (0.5 em)(3 cm — 0.5 cm)

+ (0.25 ¢m)(0.5 cm) + (0 cm)(3 cm))
= 1.80 cm

The answer is (D).

5. The y-axis passes through the centroid of the area, so
the parallel axis theorem is not needed. Since the cen-
troids of the individual rectangles coincide with the
centroid of the composite area about the gaxis, I, is
simply the sum of the moments of inertia of the individ-
ual areas.

B o (4.1 cm)®(2.9 cm) g (8.2 cm)*(3.8 cm)
L 12 12

= 191.26 em?

PPl ¢ www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

24-6

The centroidal polar moment of inertia is

JC =" Ii'r =} I.’!'r
= 141.41 em* + 191.26 cm?
= 332.7 em* (330 cm)
The answer is (C).

6. Separate the shape into regions. Calculate the area
and locate the centroid for each region.

IIT

:u

For region I (rectangular),

A= (3 cm)(8 cm)

=24 cm?®
_8cm

e
=4 cm

For region II (rectangular, including half of region IV),

A= (2)(4 cm)(5 cm)

= 40 em®
y=8 cm e -

2
= 10.5 em

For region III (semicircular, including half of region IV),

nre w4 (:m)2

= ir
y—Scm+50m+3n

(4)(4 cm)
3n

=13 cm +E cm
3n

13 em +

For region IV (circular),

A=nr? = (1.5 em)®
= 2.25m cm®

=8cm+5em=13cm

Mg Zyc.r. AJ'?

Y, = ——m
Ye ZAn
(4 cm)(24 em?) + (10.5 ¢cm)(40 em?)

+ (13 cm—i—%ﬁ cm) (87 cm?)

T
— (13 em)(2.251 cm?)
T 24 cm? + 40 em® + 81 cm? — 2.25% cm?
_ 1067 cm?
96.20 cm?
=11.09cm (11 cm)

The answer is (D).

7. The total length of the perimeter is

L=253em+50cecm+10cm+3.1cm
+45cem+3.1len+1.0em+50cm

=25.2 cm

The z-coordinate of the centroid of the perimeter is

(0 em)(3.1 em) + (0.5 cm)(1.0 cm)
+ (1.0 em)(5.0 cm)
+ (2.25 cm)(4.5 em + 2.5 cm)
+ (3.5 em)(5.0 cm)
+ (4 em)(1 cm)
+ (4.5 cm)(3.1 cm)
25.2 cm
=225cm (2.3 cm)

The y-coordinate is

Ye = ZyiLi

(0 em)(2.5 em) + (2)(2.5 cm)(5.0 em)
+ (2)(5.0 cm)(1 c¢m) + (2)(6.55 cm)(3.1 cm)

+ (8.1 em)(4.5 cm)
25.2 cm
4447 em (4.4 cm)

I

The answer Is (C).
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24-7

8. The polar radius of gyration is
i oo J 3nr
¥ AV 2nrr?

= T\/gz (2.5 m) g

=31 m

The answer is (D).

9. Use the parallel axis theorem to find the centroidal
moment of inertia of each rectangular area.

HCBA = area 1 = (3 cm)(6 cm) = 18 cm?
FEDG = area 2 = (10 ¢cm)(3 cm) = 30 cm?

Ip=Uen + Aldf) + (le2 + Azd%)
(3 cm)(6 cm)®
x (5.8125 cm — 3.0 cm)?
(10 em)(3 cm)®
= 12
x (7.5 cm — 5.8125 cm)?
= 269.5 cm® (270 cm*)

+ (18 cm?)

+ (30 cm?)

The answer is (D).

10. Separate the shape into regions. Calculate the area
and locate the centroid for each region.

For region I (rectangular),

A= (1.5 cm)(5 cm)

= 7.5 cm?
= 1.5 ¢m

c

= (.75 em

For region II (rectangular, including half of region IV),

A= (2)(3 cm)(3 cm)

= 18 em?

2)(3 em)
LA T
=3cm

For region III (semicircular, including half of region IV),

A:ﬁ:M
2 2
:%JE Crﬂ.2

z,=3 cm [by inspection|
For region IV (circular),
A=nr? =n(l ecm)?

=7 cm?

t,=3 cm [by inspection]

For the total area,

ZIC,NA:I
Lo =
¥ Ay

(0.75 em)(7.5 cm?) + (3 cm)(18 em?)

+(3 cm) (9?'1 sz) ~ (3 cm)(m em?)

7.5 cm? + 18 em? + %ﬂ cem?® — 1t em?
=254cem (2.5 cm)

The answer is (B).

11. The vertical distance between the centroidal loca-
tion of area A; and the composite area’s centroid is
h _10cm _ A

hi=3=¥="3

The moment of inertia is
II___ = (Ix.‘l + Ald?) = ‘r~”'.-2 - Ifr_;;

(8 cm)(10 em)®
12

2
+ (8 cm)(10 cm) (lO;m - 4.79 cm)

Statics

— 73.94 cm* — 32.47 cm*
=563.8 cm* (560 cm®)

The answer is (D).
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D4-8 FE CIVIL PRACTICE PROBLEMS

12. Divide the area into two rectangles, HCBA and 13. The radius of gyration with respect to the gaxis is

FEDG. Their areas are

f}-y
A; = (4 cm)(8 cm) = 32 em® YA T

A; = (12 em)(4 em) = 48 em? =31cm

The is (B).
The total area is answer is (B)

A=A+ Ay =32 cm? +48 em?
= 80 cm?
By inspection, the z-coordinates of the centroids of the

rectangles are z.; = z.» = 6 cm. The zcoordinate of
the centroid of the total area is

o ij;An

_ (6 cm)(32 em?) + (6 cm)(48 cm?)
B 80 cm?
= 6.0 cm

By inspection, the y-coordinates of the rectangles are
Y.y =4 cm and y., = 10 em. The ycoordinate of the

centroid of the total area is

_ Zyc,nAn
g~ =
_ (4 em)(32 em?) + (10 cm)(48 cm?)
B 80 cm?
=7.6 cm
The answer is (C).

/352 em®

V 36.5 em?

PPl ¢ www.ppi2pass.com




1. What are the approximate vertical reactions at the
ends of the structure shown?

. 30 m M0om _

R Y )
B 7
\ Z
Ax Rg

(A) Ra=120 N; R=630 N
(B) Ry=160 N; Rg=840 N
(C) Ra=630 N; Rp=120 N
(D) Ra=840 N; Ry=160 N

2, What is most nearly the fixed-end moment at point
A when a 15 N load is applied?

L=3m

%
7z
7
Z A
% 7
“
/
AA BY

(A) 3.3 N-m
(B) 6.7 N'm
(C) 33 N'm
(D) 45 N'm

Indeterminate Statics

3. For the beam shown, the fixed-end moment at point
A cannot exceed 2 N-m.

2m

05m

P
e e
1 /
%AA B
e
| e

What is most nearly the maximum load that can be
applied to the beam?

(A) L8N
(B) 20N
(C) 36N
(D) 7.1 N

4. The truss shown is constructed of members having a
modulus of elasticity of 200 GPa. The cross-sectional
area of each member is 5 cm?,

3m

A C E

W +.20 kN %

What is most nearly the horizontal displacement of the
roller at location 5 due to the applied load?

(A) 0.1 em
(B) 4.2 cm
(C) 6.0 em
(D) 85 cm

PPl ¢ www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

25-2

1. The total length is L = a + b = 30 ft + 10 ft = 40 ft.
Take clockwise moments to be positive.

—Pab® _ —(1000 N)(30 m)(10 m)*

FEM,p = =2
' L (40 m)?®
= —1875 N-m
2 2y
FEMgs = Paﬂ b _ (1000 N)(30 mg (10 m)
& (40 m)
= 5625 N-m

The moment equation at support A is

> My = FEMp + FEMg,
+ (1000 N)(30 m) — (40 m)Rg =0
= —1875 N-m + 5625 N-m
+ (1000 N)(30 m) — (40 m)Rg =0
Rp=843.75 N

The moment equation at support 2 is

> Mg = FEMug + FEMp, — (1000 N)(10 m)
+ (40 m)Ry =0
= —1875 N-m + 5625 N-m — (1000 N)(10 m)
+ (40 m)Ry =0
Ry =156.25 N

The force equilibrium requirement is
Ry + Rz = 1000 N
156.25 N+ 843.75 N=1000 N [check]

Ra = 156.25 N; Rp = 843.75 N
(Rs = 160 N; Rg = 840 N)

The answer is (B).

2, a=1m

b=L-e=3m-1m=2m
The fixed-end moment at point A is

9 e = 2
FEMp = Pa2b _{15N)(1 m)2(2 m)
L (3 m)

=6.667 N-m (6.7 N-m)

The answer Is (B).

3. The maximum lead that can be applied to the beam is

2
FEMg =22
La
p_ FEMspZ? _ (2 N-m)(2 m)’
ab? (0.5 m)(1.5 m)?

=711N (7.1N)

The answer is (D).

4. Use the unit load method. The reaction and member
forces in the truss are as shown.

—20.00 kN

*10 kN

Remove the applied loads and place a unit load at
member 5.

1 kN
~—=—
Place the results in a table.

L F U LFu
member (m) (kN) (kN) (m-kN?)
AB 4.24 14.14 0 0
AC 6.00 10.00 1.00 60.00

BC 4.24 14.14 0 0
BD 6.00 20.00 0 0
CD 4.24 14.14 0 0
CE 6.00 10.00 1.00 60.00
DE 4.24 14.14 0 0
total 120.00

The displacement at joint E is

(120 mkN?) (100 %m)z

x (1000 kl\l\-) (100 an)

m

(5 cm?)(200 GPa) (10° %)

(1 kN)§ =

6=0.12cm (0.1 cm)

The answer Is (A).
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1. A particle’s curvilinear motion is represented by the
equation s(t) =20t+ 4# — 3£>. What is most nearly the
particle’s initial velocity?

(A) 20 m/s
(B) 25 m/s
(C) 30 m/s
(D) 32 m/s

2. A vehicle is traveling at 62 km/h when the driver
sees a traffic light in an intersection 530 m ahead turn
red. The light's red cycle duration is 25 s. The driver
wants to enter the intersection without stopping the
vehicle, just as the light turns green. If the vehicle
decelerates at a constant rate of 0.35 m/s®, what will
be its approximate speed when the light turns green?

(A) 31 km/h
(B) 43 km/h
(C) 39 km/h
(D) 63 km/h

3. A projectile has an initial velocity of 110 m/s and a
launch angle of 20° from the horizontal. The surround-
ing terrain is level, and air friction is to be disregarded.
What is most nearly the flight time of the projectile?

(A) 3.8
(B) 7.7s
(C) 89s
(D) 125

4. A particle’s position is defined by
s(t) = 2sinti+ 4costj [t in radians|

What is most nearly the magnitude of the particle’s
velocity when ¢ =4 rad?

(A) 2.6

(B) 2.7

(C) 3.3

(D) 4.1

Kinematics

5. A roller coaster train climbs a hill with a constant
gradient. During a 10 s period, the acceleration is con-
stant at 0.4 m/s*, and the average velocity of the train is
40 km/h. What is most nearly the velocity of the train
after 10 s?

(A) 9.1 m/s
(B) 11 m/s
(C) 13 m/s
(D) 15 m/s

6. Choose the equation that best represents a rigid body
or particle under constant acceleration.

(A) a=9.81 m/s® + v/t
(B) v=ao(t- tﬁu) + Vo
(C) v=vp+ | a(t)dt
(D) a=v}/r"

7. A particle’s curvilinear motion is represented by the
equation s(t) = 40t + 5¢° — 813, What is most nearly the
initial acceleration of the particle?

(A) 2m/s®
(B) 3 m/s’
(C) 8 m/s®
(D) 10 m/s?

8. The rotor of a steam turbine is rotating at 7200 rpm
when the steam supply is suddenly cut off. The rotor
decelerates at a constant rate and comes to rest after
5 min. What is most nearly the angular deceleration of
the rotor?

(A) 0.40 rad/s’
(B) 2.5 rad/s’
(C) 5.8 rad/s’
(D) 16 rad/s?

PPl # www.ppi2pass.com
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26-2 FE CIVIL PRACTICE PROBLEMS

9. The angular position of a car traveling around a
curve is described by the following function of time (in
seconds).

B(t) = 1* - 21> ~ 4t + 10
What is most nearly the angular acceleration of the car
at a time of 5 s7
(A) 4.0 rad/s®
(B) 6.0 rad/s’
(C) 26 rad/s”
(D) 30 rad/s®

10. A vehicle is traveling at 70 km/h when the driver
sees a traffic light in the next intersection turn red. The
intersection is 250 m away, and the light's red cycle
duration is 15 s. What is most nearly the uniform decel-
eration that will put the vehicle in the intersection the
moment the light turns green?

(A) 0.18 m/s*
(B) 0.25 m/s?
(C) 0.37 m/s?
(D) 1.3 m/s®

11. A projectile has an initial velocity of 85 m/s and a
launch angle of 60° from the horizontal. The surround-
ing terrain is level, and air friction is to be disregarded.
What is most nearly the horizontal distance traveled by
the projectile?

(A) 80m
(B) 400 m
(C) 640 m
(D) 1200 m

12. A particle’s position is defined by

s(t) = 15sinti + 8.5¢cos{j |[f in radians]

What is most nearly the magnitude of the particle’s
acceleration when { = n?

(A) 6.5

(B) 8.5

(C) 15

(D) 17

13. A particle’s curvilinear motion is represented by the
equation s(¢) = 30¢ — 8¢% + 6¢°. What is most nearly the
maximuin speed reached by the particle?

(A) 26 m/s
(B) 30 m/s
(C) 35 m/s
(D) 48 m/s

14. A projectile has an initial velocity of 80 m/s and a
launch angle of 42° from the horizontal. The surround-
ing terrain is level, and air friction is to be disregarded.
What is most nearly the maximum elevation achieved
by the projectile?

(A) T2m

(B) 150 m

(C) 350 m

(D) 620 m

PPl ¢ www.ppi2pass.com
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26-3

SOLUTIONS

1. The initial velocity at t=0 is

dr  ds 2
s B P, t— 9t
W 0+8t-9

=20 + (8)(0 s) — (9)(0 s)?
=20 m/s

The answer is {(A).

2. The velocity after 25 s of constant deceleration is

v(t) = ap(t — to) + vo

i (—0.35 ;—2-)(25 s—r: ) (3500 TS{) - %
1000 i

= 31 km/h
The answer is (A).

3. The vertical component of velocity is zero at the
apex. Calculate the time to reach the apex.

vy = —gt + vgsin(f)

. .m., b1 E i @
0=-(9:81 5)t+ (110 Z)sin20
t=2384s

The projectile takes the same amount of time to return
to the ground from the apex as it took to reach the apex
after launch. The total flight time is

ttoral = (2)(334 S) =767s (7? S)
The answer is (B).

4. The velocity is

v(t) = dfi(tt) = %(2 sin ti + 4 cos #j)
= 2costi — 4sintj

At t=4 rad,

v(4) = 2cos(4 rad)i — 4sin(4 rad)j
= —1.31i - (—3.03)j

V(&) = /(~1.310)° + (3.03)°
=:3.3

The answer is (C).

5. If the train travels for 10 s at an average velocity of
40 km/h, then the distance traveled in 10 s is

(40 kTm) (1000 %}(10 8)

sl =Yl =
¥ 3600 %

= 111 m

Rearrange the equation for distance as a function of
initial velocity and acceleration, and solve for the initial
velocity.

s(t) = ao(t — t)*/2 + vo(t — to) + 5

2
o
= F By
(0.4 %})(10 s—0s)>
1111m-0m-— | 5
- 10s—-0s
=911 m/s

For an initial velocity of 9.11 m/s and an acceleration of
0.4 m/s® over 10 s, the final velocity after 10 s is

vy = vy + agl
_pyy B m
=911 By (0'4,52)(10 )

=13.11m/s (13 m/s)

The answer is (C).

6. Option A is an expression for acceleration that varies
with time. Option C is an expression for velocity with a
generalized time-varyving acceleration. The expression in
option D relates tangential and normal accelerations,
respectively, along a curved path, to the tangential
velocity. For a generalized curved path, these accelera-
tions are not constant.

Option B is the expression for the velocity of a linear
gystem under constant acceleration.

v(t) = a:;/ dt = ap(t — tg) + v

The answer is (B).

7. The acceleration at t=0is

dr  d’s
=Ll =82 1048
e T e
=10 m/s*

The answer is (D).
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96-4 FE CIVIL PRACTICE PROBLEMS

8. The angular deceleration (velocity) is
W= wy — at

wp — Wy

=
t

(7200 %} (211: %) ~0 5%4

G 2
& mind =,
Smin) (60 min)

= 2.51 rad/s® (2.5 rad/s?)

The answer is (B).

8. The angular acceleration is

48
t = —
alt) g7

a(3) = (6)(5 s) — 4 = 26 rad/s?

The answer is (C).

=6t—4

10. Rearrange the equation for the distance traveled
under a constant acceleration. Let the initial distance
traveled equal 0 m, and the initial time equal 0 s.

S(ﬁ: = ao(t - fu)2/2 +V|](f,~ tg) + 5p
(2)(=vo(t = to) — s(t) — s0)
(b~ %)

(-70 le) (1000 k%)(l‘:’ 5—05)

(2) 2
3600 2

+250 m —0m
(155 —05s)?
= —0.37 m/s* (0.37 m/s? deceleration)

The answer is (C).

ﬂ.r\ —

4

11. Calculate the total flight time. The vertical compo-
nent of velocity is zero at the apex.

vy = —gt+ vy sin(6)
p— n ) in 60°
0= (981 B¢+ (85 Z)sin60
t=7.50s

The projectile takes the same amount of time to return
to the ground from the apex as it took to reach the apex
after launch. The total flight time is

t=(2)(7.50s8) =15.0s

The horizontal distance traveled is
z= vgcos(A)t + zq

= (85 %)00560"(15.0 s)+0m

=638 m (640 m)
The answer is (C).

12. The velocity is

. ds(t)
L
= 15cos ti — 8.5sin tj

)
aft) = (-il;?(;i = —15sin ti — 8.5 cos ]

(15sin ti + 8.5 cos #])

a(n) = —15sinni — 8.5 cos nj
= 0i +8.5j
la(r)| = 1/ (01)° + (8.5§)°
=8.5

The answer is (B).

18. The maximum of the velocity function is found by
equating the derivative of the velocity function to zero
and solving for t.

d d
W=~
= 30 — 16¢ + 18¢2

(30t — 8% + 6¢°)

dv d 2 s
p AR — 164+ 1885 = —1 =
7 dt(SO 6t + 18t%) 6+ 36t=0
t=0444 s

Vimax = 30 — 16t + 18#2
=30 — (16)(0.444 s) — (18)(0.444 s)*
=264 m/s (26 m/s)

The answer is (A).

14. The maximum elevation is achieved when the pro-
jectile is at the apex. The vertical component of velocity
is zero at the apex. Calculate the time to reach the apex.

vy = —gt + vosin(f)

m— Al MY ein 49°
0=—(9.81 5)t+ (80 D)sin4z
t=15.46s

The elevation at time £ is
y= —gt3/2 + vosin(d)t + yq
m 2
) (981 82)(5.46 5)
2
m . [} 4
N (80 —S—)sm 42°(5.46 8) + 0 m

146 m {150 m)
The answer is (B).
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1. The 52 kg block shown starts from rest at position A
and slides down the inclined plane to position B. The
coefficient of friction between the block and the plane is
u = 0.15.

What is most nearly the velocity of the block at
position B?

(A) 24 m/s
(B) 4.1 m/s
(C) 7.0 m/s
(D) 9.8 m/s

2. A 5 kg block begins from rest and slides down an
inclined plane. After 4 s, the block has a velocity of
6 m/s. If the angle of inclination of the plane is 45°,
approximately how far has the block traveled after 4 s?

(A) 1.5m
(B) 3.0m
(C) 6.0 m
(D) 12 m

3. The elevator in a 20-story apartment building has a
mass of 1800 kg. Its maximum velocity and maximum
acceleration are 2.5 m/s and 1.4 m/s® respectively. A
passenger weighing 67 kg stands on a scale in the eleva-
tor as the elevator ascends at its maximum acceleration.
When the elevator reaches its maximum acceleration,
the scale most nearly reads

(A) 67 N
(B) 560 N
(C) 660 N
(D) 750 N

4. A rope is used to tow an 800 kg car with free-rolling
wheels over a smooth, level road. The rope will break if
the tension exceeds 2000 N. What is most nearly the
greatest acceleration that the car can reach without
breaking the rope?

(A) 1.2 m/s?
(B) 2.5 m/s’ :
(C) 3.8 m/s?
(D) 4.5 m/s*

5. An 8 kg block begins from rest and slides down an
inclined plane, After 10 s, the block has a velocity of
15 m/s. The plane's angle of inclination is 30°. What is
most nearly the coefficient of friction between the plane
and the block?

(A) 0.15
(B) 0.22
(C) 0.40
(D) 0.85

6. If the sum of the forces on a particle is not equal to
zero, the particle is

(A) moving with constant velocity in the direction of
the resultant force

(B) accelerating in a direction opposite to the resul-
tant force

(C) accelerating in the same direction as the resul-
tant force

(D) moving with a constant velocity opposite to the
direction of the resultant force

PPI ¢ www.ppi2pass.com
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7. A 383 N horizontal force is applied to the 65 kg block SOLUTIONS

shown. Beginning at position A, the block moves down e S
the slope at a velocity of 12.5 m/s and comes to a
complete stop at position B. The coefficient of friction
between the block and the plane is p = 0.22.

1. Choose a coordinate system parallel and perpendic-
ular to the plane, as shown. Let the 2-axis be positive in
the direction of motion (to the left). Recognize that
this is a 5-12-13 triangle. Alternatively, calculate

V(6) + (12)* =13.

F=383N

B
What is most nearly the distance between positions A
and B?
(A) 6.1m
(B) 9.1 m From the equations for friction and the equation for the
y - radial component of force, the acceleration is
(C) 15m
(D) 19 m D F:=ma,

mgsin@ — ymgceost = ma,

a, = gsinf — pgcos@ = g(sinf — pcosb)

= (081 3) (55~ 019(3))

= 2,415 m/s?
The velocity at position B is

v =v} + 2a,(z — 7o)
p =0
ar.
(2) (2.:115 ;1—;) (20 m)
= 06.6 m?/s’

|
o oH

Va
o2

v

L |

2
m-

v = V"IQG.G — =983 m/s (9.8 m/s)
52
The answer is (D).

2. Calculate the initial acceleration.

v(t) = a;t + vo

o
-
=
o
3
0
wn
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After 4 s the block will have moved

2

u::%-}-vgt—krg

(15 )9

_ 52 A

= . +(0 s)(4bj+om
=12m

The answer is (D).

3. Use Newton’s second law. The acceleration of the
elevator adds to the gravitational acceleration,

F=ma= m(a; + as)
= (67 kg) (9.81 Z+14 ‘—;%)
=751 N (750 N)
The answer is (D).

4. From Newton’s second law, the maximum accelera-
tion is

F=ma
o F _2000N
m 800 kg
= 2.5 m/s*

The answer is (B).

5. Calculate the initial acceleration,

v, = a,t+ vy
Vi — Vo I I::L'lmo %
BETF T 108
= 1.5 m/s

+\/J_

Choose a coordinate system so that the z-direction is

parallel to the inclined plane. From the equations for

friction, normal force, and the parallel component of

force, the coefficient of friction is

ZFI = ma; = mg, — Fy
ma; = mgsing — pmgcos ¢
__mgsin¢ — ma;

mgcos ¢
_gsing—a,
gcosg

) (9‘81 ;—ﬁ)sin:im ~15 Sr—nf

(9.31 g) c0s 30°
= 0.40

The answer is (C).

6. Newton's second law can be applied separately to
any direction in which forces are resolved into compo-
nents, including the resultant direction.

Fp=mag

Since force and acceleration are both vectors, and mass
is a scalar, the direction of acceleration is the same as
the resultant force.

The answer is (C).

7. Choose a coordinate system parallel and perpendic-
ular to the plane, as shown. Let the z-axis be positive in
the direction of motion (to the left). Recognize that
this is a 5-12-13 triangle. Alternatively, calculate

\/(5)" +(12)* =13.
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FE CIVIL PRACTICE PROBLEMS

Using the sum of forces and the equations for friction
and normal force, solve for the acceleration,

ZFg = may

Wy — Fr— uN = ma

mgsinfl — Fcos@ — p(mgcosf + Fsinfl) = may

a; = (#) (mgsinf) — Feosfl — pu(mgcosf + FSiHQ))

(sinf — pgcosh) — g{cos 6+ pusinf)

=g
= (081 3) (35~ 022(33))

- (B8 @+ o)

= —4.157 m/s?

The velocity is

2

V= \’% -+ 2!‘1}(33 = 31.‘{])

vg=125m/s

V=Ip= 0
The distance between positions A and B is

2
my =
v 1255

20 {2)(—4.157 ;,m.i)

=1879m (19 m)

The answer is (D).
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PRACTICE PROBLEMS

1. A 1530 kg car is towing a 300 kg trailer. The coeffi-
cient of friction between all tires and the road is 0.80.
The car and trailer are traveling at 100 km/h around a
banked curve of radius 200 m. What is most nearly the
necessary banking angle such that tire friction will NOT
be necessary to prevent skidding?

(A) 8.0°
(B) 21°
(C) 36°
(D) 78°
2. Why does a spinning ice skater’s angular velocity
increase as she brings her arms in toward her body?
(A) Her mass moment of inertia is reduced.
(B) Her angular momentum is constant.
(C) Her radius of gyration is reduced.
(D) all of the above
3. A 1 m long uniform rod has a mass of 10 kg. It is
pinned at one end to a frictionless pivot. What is most

nearly the mass moment of inertia of the rod taken
about the pivot point?

(A) 0.83 kg-m”
(B) 2

(C) 3.3 kg-m”
(D) 10 kgm*
4. In the linkage mechanism shown, link AB rotates

with an instantaneous counterclockwise angular velocity
of 10 rad/s.

kg;-m2

wag = 10 rad/s (counterclockwise)

(L

Kinetics of Rotational
Motion

What is most nearly the instantaneous angular velocity
of link BC when link AB is horizontal and link CD is
vertical?

(A) 2.3 rad/s (clockwise)
(B) 3.3 rad/s (counterclockwise)
(C) 5.5 rad/s (clockwise)
(D) 13 rad/s (clockwise)

5. Two 2 kg blocks are linked as shown.

%
4

3m/s —»

AR A

P

Assuming that the surfaces are frictionless, what is most
nearly the velocity of block B if block A is moving at a
speed of 3 m/s?

(A) 0m/s
(B) 1.3 m/s
(C) 1.7 m/s
(D) 5.2m/s

6. A car travels on a perfectly horizontal, unbanked
circular track of radius r. The coefficient of friction
between the tires and the track is 0.3. If the car’s veloc-
ity is 10 m/s, what is most nearly the smallest radius the
car can travel without skidding?

(A) 10 m
(B) 34 m
(C) 50 m
(D) 68 m

PPl @ www.ppi2pass.com

Dynamics




o
<
=
o
3,
(7]
w

FE CIVIL PRACTICE PROBLEMS
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7. A uniform rod (AB) of length L and weight W is
pinned at point C. The rod starts from rest and accel-
erates with an angular acceleration of 12¢/7L.

o

a

What is the instantaneous reaction at point C at the
moment rotation begins?

(D)

8. A wheel with a 0.75 m radius has a mass of 200 kg.
The wheel is pinned at its center and has a radius of
gyration of 0.25 m. A rope is wrapped around the wheel
and supports a hanging 100 kg block. When the wheel is
released, the rope begins to unwind. What is most
nearly the angular acceleration of the wheel as the block
descends?

(A) 5.9 rad/s®
(B) 6.5 rad/s?
(C) 11 rad/s*
(D) 14 rad/s’

9. A car travels around an unbanked 50 m radius curve
without skidding. The coefficient of friction between the
tires and road is 0.3. What is most nearly the car’s
maximum velocity?

(A) 14 km/h

(B) 25 km/h

(C) 44 km/h

(D) 54 km/h

10. A uniform rod (AB) of length L and weight W is
pinned at point C and restrained by cable OA. The cable
is suddenly cut. The rod starts to rotate about point C,
with point A moving down and point B moving up.

~

O

A N B

- Lo} 3

{ C}-‘_.-:
L

| 4

(A) 22
B)
©) 4

(D) 3¢
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SOLUTIONS

1. The necessary superelevation angle without relying
on friction is
3
0 = arctan —
gr

(100 ) (1000 23)

(9.81 ;Ig) (200 m) (3600 E)ﬁ

= arctan

=2147° (21°)

The answer is (B).

2. As the skater brings her arms in, her radius of gyra-
tion and mass moment of inertia decrease. However, in
the absence of friction, her angular momentum, H, is
constant.

w=

H
I

Since angular velocity, w, is inversely proportional to the
mass moment of inertia, the angular velocity increases
when the mass moment of inertia decreases.

The answer is (D).

3. The mass moment of inertia of the rod taken about
one end is

;M2 _ (10 kg)(1 m)*
rod — 3 _— 3

=3.33 kg'm? (3.3 kg-m?)

The answer is (C).

4. I'ind the instantaneous center of rotation. The abso-
lute velocity directions at points B and C are known.
The instantaneous center is located by drawing perpen-
diculars to these velocities, as shown. The angular veloc-
ity of any point on rigid body link BC is the same at this
instant.

vg = 50 m/s

The velocity of point B is

vg = ABwap = (5 rn)(l[) %) =50 m/s

The angular velocity of link BC is

- so%
YT BB 4m

=125 rad/s (13 rad/s) [clockwise]

The answer is (D).

8. The instantaneous center of rotation for the slider
rod assembly can be found by extending perpendiculars
from the velocity vectors, as shown. Both blocks can be
assumed to rotate about point C with angular
velocity w.

The velocity of block B is

el = B
AT BC
m o
il (3 ;) (3 m)cos 30
BTT0A (3 m)sin 30°
=52 m/s
The answer is (D).

6. If there is no skidding, the frictional force, Fy will
equal the centrifugal force, F,. From the equations for
centrifugal force and frictional force, the smallest possi-
ble radius is

2
F.=1v
r
Fy=pN = umg
2
eemas LU

o

L
=
(1]
=
=4
o

The answer is (B).
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7. The mass moment of inertia of the rod about its
center of gravity is

Toe = MI? W [ L*
oG = == s
12 g 12

Take moments about the center of gravity of the rod.
All moments due to gravitational forces will cancel. The
only unbalanced force acting on the rod will be the
vertical reaction force, Rg, at point C.

ZJMCG = Re¢ (g) = Icaoce

2

ro(®) = (W) (V) (2
4 g/ \12 7L

4W
Ro=—
B e
The angular velocity is zero, so the center of the mass
does not have a component of acceleration in the hori-
zontal direction. There is no horizontal force component
at point C.

The answer is (C).

8. From the equation for the radius of gyration, the
magss moment of inertia of the wheel is :

!
=
Myheel
o 2
I'= Maheat T

The unbalanced moment on the wheel is

M=FR={mg—-ma)R=mR(g— a)
= Muock R(9 — Ra)
The acceleration is given by
M= Io
mblockR(g 5 RO.) = Myheel ria
Combine the equations and solve.
o Milock 119
RE= 3
?"J”L‘\\fheeli'.:3 + Mplock
(100 kg)(0.75 m) (9.81 i_%)
(200 kg)(0.25 m)? + (100 kg)(0.75 m)?
= 10.7 rad/s®> (11 rad/s?)

The answer is (C).

9. If the car does not skid, the frictional force and the
centrifugal force must be equal. From the equations for
centrifugal force and frictional force, the car’s maximum
velocity is
F,.= myv?
I8
Fr=uN=pumg

my?

e e
v=\/igr
o[ 02 B0 ) (0 52
| 1000 2=
km

50 m
X ——
\ (1000 —m—)
km

=43.67 km/h (44 km/h)

The answer is (C).

10. Point C is L/4 from the center of gravity of the rod.
The mass moment of inertia about point C is

To=log + Md® = % + M @2 = (4—7’8) ML

The sum of moments on the rod is

3L L
S (A4 ()4
ZMC_ZF’"_(LJ 2 (4) 5
Wi
4
Mgl
4
The angular acceleration is
J“\JQL
2 Mc 1 12¢

aip=Ta = (%) (%) = 3__?

The answer is (C).
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1. The 40 kg mass, m, in the illustration shown is
guided by a frictionless rail. The spring constant, &, is
3000 N/m. The spring is compressed sufficiently and
released, such that the mass barely reaches point B.

— B
La

1m

6m

compressed I
position

m =40 kg

k=3000 N/m

What is most nearly the initial spring compression?
(A) 0.96 m
(B) 1.3m
(C) 14m
(D) 1.8 m

2. Two balls, both of mass 2 kg, collide head on. The
velocity of each ball at the time of the collision is 2 m/s.
The coefficient of restitution is 0.5. Most nearly, what
are the final velocities of the balls?

(A) 1 m/sand —1 m/s
(B) 2m/s and —2 m/s
(C) 3 m/s and —3 m/s
(D) 4 m/s and —4 m/s

3. A 1500 kg car traveling at 100 km/h is towing a
250 kg trailer. The coefficient of friction between the
tires and the road is 0.8 for both the car and trailer.
Approximately what energy is dissipated by the brakes
if the car and trailer are braked to a complete stop?

(A) 96 kJ
(B) 390 kJ
(C) 580 kJ
(D) 680 kJ

Energy and Work

4. A 3500 kg car traveling at 65 km/h skids and hits a
wall 3 s later. The coefficient of [riction between the
tires and the road is 0.60. What is most nearly the speed
of the car when it hits the wall?

(A) 0.14 m/s
(B) 0.40 m/s
(C) 5.1 m/s
(D} 6.2 m/s

5. In the illustration shown, the 170 kg mass, m, is
guided by a frictionless rail. The spring is compressed
sufficiently and released, such that the mass barely
reaches point B.

— B
La

Tm

compressed |
position

2/ ;, ;W//Zﬁ .Z /:

What is most nearly the kinetic energy of the mass at
point A7

(A) 20 )

(B) 220 J
(C) 390 J
(D) 1700 J

6. A pickup truck is traveling forward at 25 m/s. The
bed is loaded with boxes whose coefficient of friction
with the bed is 0.40. What is most nearly the shortest
time that the truck can be brought to a stop such that
the boxes do not shift?

(A) 235

(B) 4.7s

(C) 595

(D) 645
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7. Two balls both have a mass of 8 kg and collide head
on. The velocity of each ball at the time of collision is
18 m/s. The velocity of each ball decreases to 10 m/s in
opposite directions after the collision. Approximately
how much energy is lost in the collision?

(A) 0.57 kJ
(B) 0.91 kJ
(C) 1.8kJ
(D) 2.3 kJ

8. The impulse-momentum principle is mostly useful for
solving problems involving

(A) force, velocity, and time
(B) force, acceleration, and time
(C) velocity, acceleration, and time

(D) force, velocity, and acceleration

9. A 12 kg aluminum box is dropped from rest onto a
large wooden beam. The box travels 0.2 m before con-
tacting the beam. After impact, the box bounces 0.05 m
above the beam’s surface. Approximately what impulse
does the beam impart on the box?

(A) 8.6 N
(B) 12 N's
(C) 36 Ns
(D) 42 N's

10. The 85 kg mass, m, shown is guided by a frictionless
rail. The spring is compressed sufficiently and released,
such that the mass barely reaches point B. The spring
constant, &, is 1500 N /m.

— B
1m
4— A
Bm
compre§§ed . m =85 kg
pOS!tlon
k= 1500 N/m

What is most nearly the velocity of the mass at point A?
(A) 3.1 m/s
(B) 4.4 m/s
(C) 9.8 m/s
(D) 20 m/s

SOLUTIONS =

1. At the point just before the spring is released, all of
the energy in the system is elastic potential energy;
while at point B, all of the energy is potential energy
due to gravity.

.

__ |2mgh
r= \ _k

(2)(40 kg) (9.81 Sn—;‘) (6 m+1 m)

3000 &
m
=13m (1.4m)
The answer is (C).

2. Since the two velocities are in opposite directions, let
the velocity of one ball, v;, equal 2 m/s and the velocity
of the other ball, vy, equal ~2 m/s.

From the definition of the coefficient of restitution,

! /
Vo —V
e:-—-——-—2 !
Y13

vy — V) = e(vi — va)
= (0.5}(2 L (—2 ﬂ))
s s
=2m/s [Eq. 1)
From the conservation of momentum,
mivy + mave = myv) + mavh
But, m; = ms.
Vi +vy = v’] + v"2
Since v; =2 m/s and vo= -2 m/s,

Vit vy =2 —‘534.—(*2 %) =1

So,
vi+vy=0 [Eq. I1]

Solve Eq. I and Eq. II simultaneously by adding them.

vi=—1m/s

'
1
vo=1m/s

The answer is (A).
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ENERGY AND WORK

3. The original velocity of the car and trailer is

(100 kl—’“) (1000 E)

(0 22 (0 5)

Since the final velocity is zero, the energy dissipated is
the original kinetic energy.

= 27.78 m/s

V=

2
m
e (1500 kg + 250 kg) (27.78 ?)
2 2

=675154J (680 kJ)
The answer is (D).

4. The frictional force (negative because it opposes
motion) decelerating the car is

Fy=—uN = —pumyg
= —(0.60)(3500 kg) (9.81 g)
= -20601 N
Use the impulse-momentum principle.

Fy(ty = ta) = m(v1 = )
Vo=V F}(t;‘i— tzr

(65 @) 1000 1)

(
NCEICE:

B (~2D 601 N)(0s—3s)
3500 kg
=0.3976 m/s (0.40 m/s)

The answer is (B).

5. At point A, the energy of the mass is a combination
of kinetic and gravitational potential energies. The total
energy of the system is constant, and the kinetic energy
at Bis 0.

Ey= Ep
Ur+Ta=Us
mgh-%= mg(h+ 1 m)

Th= mglh+1 m) — mgh
= mg(1l m)
m
(170 kg) (9.81 8_2)(1 m)
=1670J (1700 J)

The answer Is (D).

6. The frictional force is the only force preventing the
boxes from shifting. The forces on each box are its
weight, the normal force, and the frictional force. The
normal force on each box is equal to the box weight.

N=W=mg
The frictional force is
Fg=pN = pmg

Use the impulse-momentum principle. vo = 0. The fric-
tional force is opposite of the direction of motion, so it is
negative,

Imp = Ap
Ffﬂt = mAv
At=m(V2—V1) —'mvl
Fy —umg #g
25 &
s 5
m
(0.40) (9.81 s_z)
=6.37Ts (6.45)
The answer is (D).

7. Each ball possesses kinetic energy before and after
the collision. The velocity of each ball is reduced from
[18 m/s| to |10 m/s|.

ATw Ty =Ty m= (2)(’“("32— V%’))

ss((1s )"~ (0 2))

=@ ;

=1792J (1.8 kJ)

The answer Is (C).

8. Impulse is calculated from force and time. Momen-
tum is calculated from mass and velocity. The impulse-
momentum principle is useful in solving problems
involving force, time, velocity, and mass.

The answer is (A).

Dynamics
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9. Initially, the box has potential energy only. (This
takes the beam’s upper surface as the reference plane.)
When the box reaches the beam, all of the potential
energy will have been converted to kinetic energy.

mv?
mgh, = —2-1~
Vi = o/ 25’]5_

*‘I(z)(g.m 2'—:})(0.2 m)

~

=198 m/s [downward]

When the box rebounds to its highest point, all of its
remaining energy will be potential energy once again.

2

mv;

mghy = -2—2~
vo = \/2gh;

- \:'(2)(9.81 23) (0.05 m)

=099 m/s [upward]

Use the impulse-momentum principle. (Downward is
taken as the positive velocity direction.)

Imp= Ap = m(v; - va)
= (12 kg)(l.gs o (—0.99 %))

=35.66 N's (36 N-s)

The answer is (C).

=)
<
-
o
3
D
(7]

10. At point A. the energy of the mass is a combination
of kinetic and gravitational potential energies. The total
energy of the system is constant, and the kinetic energy
at Bis 0.

Ey=FEgp
Us+ Ta= Up
mgh + me‘= mg(h+ 1 m)

Ty =mg(h+1m)— mgh

= mg(1l m)
= (85 kg)(Q.Sl S“—;)a m)
=833.0 J

Therefore, the velocity of the mass at point A is

mv?

k= - = 833.9 J
12Ty
V=g —
V'om
~ (2)(833.9 J)
B v 85 kg
=4.43 m/s (4.4 m/fs)
The answer is (B).
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3 O Stresses and Strains

PRACTICE PROBLEMS |

1. The element is subjected to the plane stress condition
shown.
a, = =140 MPa
o, = 206 MPa
Tuy Txy = 100 MPa

—- £
xy

What is the maximum shear stress?
(A) 100 MPa
(B} 160 MPa
(C) 200 MPa
(D) 210 MPa

2. A plane element in a body is subjected to a normal
tensile stress in the z-direction of 84 MPa, as well as
shear stresses of 28 MPa, as shown.

¥
28 MPa
e ——
84 MPa 84 MPa
——T— —_—
—e
28 MPa

X

Most nearly, what are the principal stresses?
(A) T0 MPa; 14 MPa

3. What is most nearly the lateral strain, £, of the steel
specimen shown if #,=3000 kN, £=193 GPa, and
v=0.297

F/ Fi

—F— —_—
v A=0.04m?
X

(A) —4.0x10™*
(B) -1.1x10™*
(C) 1.0x 167
(D) 4.0 x 107*

4. The elements are subjected to the plane stress con-
dition shown. The maximum shear stress is 109.2 MPa.

o, = —75MPa
o, = 110 MPa
f"y Tyy = 58 MPa

D =
Txy

What are the orientations of the stress planes (relative
to the z-axis)?

(A) —74° 15°
(B) —58°; 32°
(C) -32°; 58°

(B) 84 MPa; 28 MPa (D) —-16°; 74°
(C) 92 MPa; —8.5 MPa
(D) 112 MPa; —28 MPa
PPl @ www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

30-2

5. What is most nearly the elongation of the aluminum
bar (cross section of 3 cm x 3 cm) shown when loaded to
its yield point? The modulus of elasticity is 69 GPa, and
the yield strength in tension is 255 MPa. Neglect the
weight of the bar.

YL G

L=25m

(A) 3.3 mm
(B) 9.3 mm
(C) 12 mm
(D)

15 mm

6. lele column shown has a cross-sectional area of
13 m*°.

A

What is the approximate maximum load if the compres-
sive stress cannot exceed 9.6 kPa?

(A) 120 kN
(B) 122 kN
(C) 125 kN
(D) 130 kN

7. The element is subjected to the plane stress condition
shown. The maximum shear stress is 300 MPa.

o, = —310 MPa
o, = 250 MPa

?cy Ty = 110 MPa

7 S

J

The principal stresses are most nearly
(A) 250 MPa; —310 MPa
(B) 270 MPa; —330 MPa
(C) 330 MPa; —270 MPa
(D) 310 MPa: —250 MPa

¥

8. Given a shear stress of 7,=35 MPa and a shear
modulus of G=75 GPa, the shear strain is most nearly

(A) 2.5%107° rad
(B) 4.7x 107* rad
(C) 5.5 107 rad
(D) 8.3x 107 rad

9. Which of the following could be the Poisson ratio of a
material?

(A) 0.35
(B) 0.52
(C) 055
(D) 0.60

PPl ©# www.ppl2pass.com




STRESSES AND STRAINS

30-3

10. A plane element in a body is subjected to the
stresses shown.

Y
50 MPa
e —
120 MPa 120 MPa
——— —_—
50 MPa

What is most nearly the maximum shear stress?
(A) 50 MPa
(B) 64 MPa
(C) 72 MPa
(D) 78 MPa

SOLUTIONS

1. There are two methods for solving the problem. The
first method is to use the equation for T, the second
method is to draw Mohr’s circle.

Solving by the equation for 7.y,

or— o
i\/(—z ) Ry

_ \/ (-140 MPa — 205 MPa
2

(200 MPa)

Tmax =

2 2
)+ (100 MPa)
= 199.4 MPsa

Solving by Mohr's circle,
step 1: o, = —140 MPa
o, = 205 MPa

T2y = 100 MPa

step 2: Draw o-T axes.
step 3: The circle center is
C=slop+0y)

= (1)(—140 MPa + 205 MPa)

= 32.5 MPa
step 4: Plot the points (—140 MPa,—-100 MPa) and

(205 MPa, 100 MPa).

step 5: Draw the diameter of the circle.
step 6: Draw the circle.
step 7: Find the radius of the circle.

step 8 Maximum shear stress is at the top of the circle,
Toax = 199.4 MPa (200 MPa).

7 {MPa}

Tmax = 199.4

Pi
{205, 100)
Toin = —166.9 Comax = 231.9
v o (MPa)

P1
{—140, —100}

Tmin = —199.4

The answer is (C).

PPI ¢ www.ppi2pass.com
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30-4 FE CIVIL PRACTICE PROBLEMS

2. 7,, is negative according to the standard sign 5. From Hooke’s law, the axial strain 13

- = convention. B

o - 5 MP: 5 _La
-t g Tmaxmin = ]‘; G'z 22 gy /( t,I) + fr e a {250 ;\IPd) (1[] \IP‘]_) -
33 ) / ! e=g= — - = 0.0037
& 0 = (1)(84 MPa + 0 MPa) (69 GPa)(ID GPa )

o

(84 MPa — 0 MPa)2 The elongation is
+ 2

+ (~28 MPa)’ =¢L = (0.0037)(2.5 m) = 0.00925 m (9.3 mm)

= 92.478 MPa; —8.478 MPa
(92 MPa; —8.5 MPa)

6. The maximum force is

The answer is (C). Fiyax = Sad =k(§l.6(kPa)£13) m?)
= 1248 kP 125 kN

3. From Hooke's law and the equation for axial stress,
The answer is (C).

(3000 k) (1000 %)

£r= 0—5 = ‘gf; o 7. The principal stresses are
(193 GPa) (.IO” —")(0.04 m?)
GPa Tmaxy Tmin = é(osr o Uy) = Trax
iy -
SRERRA G = (1)(—310 MPa + 250 MPa) + 300 MPa
Use Poisson's ratio. = —30 MPa + 300 MPa
ey = —ve, = (—0.29)(3.89 x 107) Omax = 270 MPa

=-113x 107" (=1.1 x107%) Omin = —330 MPa
The answer Is (B). The answer is (B).
4. Calculate the angles, 8, of the stress planes. #. e Hooké's law for shear:

g 2T
¢ = jarctan ; Pa
0, — 0y . (35 MPa)(IO" MP&)
Ty i
=k i — ki N 8] e (75 GPa)(10° 22
2 75 MPa — 110 MPa )( GPa)

= —16.04% 73.96° (-16% 74°) =4.67x 10"  rad (4.7 x 1077 rad)
Alternatively, the orientations can be found graphically
from Mohr's circle. The answer is (B).

7 (MPa) 9. The Poisson ratio is almost always in the range

0<wv <05 Option A (0.35) is the only answer that
satisfies this condition,

(110,58) The answer is (A).
20 = 148°

10. The maximum shear stress is

™%

C(17.5,0) o (MPa)

_ J(oz—oy 2
Tmax = \."I ( 9 ) + T'r;,r
—75,—58 [ [Pa — 0 MPa\ 2
{ ) _ I{/(I2D MPa2 0 ME 1) + (=50 MP&)E
= 78.10 MPa (78 MPa)
The answer is (D). The answer is (D).
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Thermal, Hoop, and
Torsional Stress

1. The maximum torque on a 0.15 m diameter solid
shaft is 13500 N-m. What is most nearly the maximum
shear stress in the shaft?

(A) 20 MPa
(B) 23 MPa
(C) 28 MPa
(D) 34 MPa

2. The unrestrained glass window shown is subjected to
a temperature change from 0°C to 50°C. The coefficient
of thermal expansion for the glass is 8.8 x 107% 1/°C.

1.2m

What is most nearly the change in area of the glass?
(A) 0.00040 m?
(B) 0.0013 m®
(C) 0.0021 m?
(D) 0.0028 m*

3. The cylindrical steel tank shown is 3.5 m in diameter,
5 m high, and filled with a brine solution. Brine has a
density of 1198 kg/m®. The thickness of the steel shell is
12.5 mm. Neglect the weight of the tank.

—
o
7

L
=
=n

e

O
(]
=

What is the approximate hoop stress in the steel 0.65 m
above the rigid concrete pad?

(A) 1.2 MPa
(B) 1.4 MPa
(C) 7.2 MPa
(D) 11 MPa

4. A steel shaft is shown. The shear modulus is 80 GPa.

1

outside inside
diameter diameter
= 60 mm =30 mm

Most nearly, what torque should be applied to the end
of the shaft in order to produce a twist of 1.5°7

(A) 420 N'm
(B} 560 N-m
(C) 830 N'm
(D) 1100 N-m

PPl @¢ www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

31-2

5. For the shaft shown, the shear stress is not to exceed
110 MPa.

e

8

rn=0016m
r, =0.026 m

What is most nearly the largest torque that can be
applied?

(A) 1700 N-m
(B) 1900 N-m
(C) 2300 N-m
(D) 3400 N-m

6. An aluminum (shear modulus = 2.8 x 10 Pa) rod is
25 mm in diameter and 50 cm long. One end is rigidly
fixed to a support. Most nearly, what torque must be
applied at the free end to twist the rod 4.5° about its
longitudinal axis?

(A) 26 N-m
(B) 8

(C) 110 N'm
(D) 170 N-m

7. A circular bar at 10°C is constrained by rigid concrete
walls at both ends. The bar is 1000 mm long and has a cross-
sectional area of 2600 mm?®.

{ A = 2600 mm?

.

1000 mm v
E = modulus of elasticity
= 200 GPa
a = coefficient of thermal expansion
=8.4 x10-617°C

What is most nearly the axial force in the bar if the
temperature is raised to 40°C?

(A) 92 kN

) 110 kN
(C) 130 kN
(D) 150 kN

8. A 3 m diameter bar experiences opposing torques of
280 N-m at each end.

C
®.
What is most nearly the maximum shear stress in the
bar?
A) 22 Pa
} 31 Pa

(
(B
(C) 42 Pa
(D) 53 Pa

9. A 12.5 mm diameter steel rod is pinned between two
rigid walls. The rod is initially unstressed. The rod's
temperature subsequently increases 50°C. The rod is
adequately stiffened and supported such that buckling
does not occur. The ceefficient of linear thermal expan-
sion for steel is 11.7 x 107° 1/°C. The modulus of elas-
ticity for steel is 210 GPa.

3.5m

i \
; <

d=125mm

What is the approximate axial force in the rod?
(A) 2.8 kN
(B) 15 kN
(C) 19 kN
(D) 58 kN

PPl ¢ www.ppi2pass.




THERMAL,

HOOP,

AND TORSIONAL STRESS

31-3

10. 10 km of steel railroad track are placed when the
temperature is 20°C. The linear coefficient of thermal
expansion for the rails is 11 x 107 1/°C. The track is
free to slide forward. Most nearly, how far apart will the
ends of the track be when the temperature reaches
50°C?

(A) 10.0009 km

(B) 10.0027 km

(C) 10.0033 km

(D) 10.0118 km

11. A deep-submersible diving bell has a cylindrical
pressure hull with an outside diameter of 3.5 m and a
wall thickness of 15 cm constructed from a ductile mate-
rial. The hull is expected to experience an external
pressure of 50 MPa. The hull should be designed as a

(A) thin-walled pressure vessel using the outer
radius in the stress calculations

(B) thin-walled pressure vessel using the logarithmic
nean area in stress calculations

(C) thin-walled pressure vessel using factors of safety
of at least 4 for ductile materials and at least 8
for brittle components such as viewing ports

(D) thick-walled pressure vessel

12. A cantilever horizontal hollow tube is acted upon

13. One end of the hollow aluminum shaft is fixed, and
the other end is connected to a gear with an outside
diameter of 40 cm as shown. The gear is subjected to a
tangential gear force of 45 kN. The shear modulus of the
aluminum is 2.8 x 10'° Pa.

40 cm diameter

. 120 cm >

What are most nearly the maximum angle of twist and
the shear stress in the shaft?

(A) 0.016 rad, 14 MPa
(B) 0.025 rad, 220 MPa
(C) 0.057 rad, 67 MPa
(D) 0.25 rad, 200 MPa

14. A compressed gas cylinder for use in a laboratory
has an internal gage pressure of 8 MPa at the time of
delivery. The outside diameter of the cylinder is 25 cm.
[f the steel has an allowable stress of 90 MPa, what is
the required thickness of the wall?

by a vertical force and a torque at its free end. (A) 0.69 cm
(B) 0.95 cem
built-in end (C) 1.1em
(D) 1.9 cm
/ torque, T
Where is the maximum stress in the cylinder?
(A) at the upper surface at midlength {L/2) )
(B) at the lower surface at the built-in end
(C) at the upper surface at the built-in end
(D) at both the upper and lower surfaces at the
built-in end
PPI # www.ppi2pass.com
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31-4 FE CIVIL PRACTICE PROBLEMS

SOLUTIONS ==

1. The polar moment of inertia is

~5te (0

=497 x 1075 m!

The shear stress is

= < 0.15 m
T (13500 i\-m)(—§—)
J 4.97 x 107% m?
=20.37 x 10° Pa (20 MPa)

The answer Is (A).

2. Changes in temperature affect each linear dimension.,

éwidli: = GL( T'= Tu)

= (3.8 x 106 ?16)(1‘2 m)(50°C — 0°C)
= (0.000528 m
-6 1 o o
Bheight = (8‘8 x 1076 ;—é) (2 m)(50°C - 0°C)
= (0.00088 m

Apiiat = (2 m)(1.2 m) = 2.4 m®
Agnat = (2 m + 0.00088 m)
x (1.2 m + 0.000528 m)
= 2.40211 m?
AA = Apnal — Ajnitial
= 2.40211 m? - 2.4 m?
=0.00211 m* (0.0021 m?)

Alternative Solution

The area coefficient of thermal expansion is, for all
practical purposes, equal to 2a.

The change in area is

AA=2ad4,AT

= (2)(8.8x 107 1 )(2 4 m?)(50°C — 0°C)

°C

=0,00211 m?* (0.0021 m?)

The answer is (C).
3. Determine whether the tank is thin-walled or thick-
walled.

12.5 mm
(25™) (1000 52

* o =0.007 < 0.1
I

Use formulas for thin-walled cylindrical tanks. The pres-
sure is

p= pgh
kg m i
(1198 ) (9.81 ;z) (5 m — 0.65 m)
=51123 Pa

The hoop stress is

pd _ (51123 Pa)(3.5 m)

0y = =
2t
2) 12.5 mm
1000 11

m

= 7.157 x 10° Pa (7.2 MPa)
The answer is (C).

4. Convert the twist angle to radians.

diss (1.5*’)(2;6‘(")3(1) = 0.026 rad

Calculate the polar moment of inertia, J.
rp=15mm (0.015 m)
o= 25 mm (0.025 m)

I=2(ri—rh) = (5)((0.025 m)* - (0.015 m)")
=534 x10"" m*

The torque is

._6GJ
=1
26 1z g Pa
(0.026 rad)(80 Gpa)(lo oo )
B x (5.34 x 10~ m*)
B 1.0m
=1119 N'-m (1100 N-m)
The answer is (D).

5. Since the shear stress is largest at the outer diameter,
the maximum torque is found using this radius. For an
annular region,

(15 =) = (5) ((0.025 m)* - (0.015 m)")

PPl # www.ppi2pass.com
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The torque is

Pa \ /- ;
MPa) (105 —22.) (5. P od
T :T;'f _ (110 MPa) (10 MP&) (D ol x 10w )
n 0.025 m
=2349.9 N-m (2300 N-m)

The answer is (C).

6. Convert degrees to radians.

o= ()

= 7.854 x 1072 rad

The polar moment of inertia is

4
25 mm

=2t _ (5) __2mm _
(2}(1000 %}

2 2

=888 % 107* it

Rearrange the twist angle equation to solve for torque.

_¢GJ
e j7
(7854 x 1072 rad)(2.8 x 10'° Pa)(3.83 x 107% m*)
- 50 cm
100 &2
m

=168.7 N-m (170 N-m)
The answer is (D).
7. The elongation due to temperature change is
bd=al(Ty - T)
= (9.4x 107 l(_) (1000 mm)(40°C — 10°C)
= 0.282 mm

Rearrange the elongation equation to solve for force.

_6EA
e
(0.282 mm)(200 GPa) 10° %) (2600 mm?)
- 3
i

% m)(looo T:T)

= 1466 kN (150 kN)
The answer is (D).

8. Maximum shear stress occurs at the outer surface.
The shear is

4, T(g) (280 N‘m)(BTm)

TR e

=528 Pa (53 Pa)

The answer Is (D).

9, The thermal strain is

=, i -6 L =ne
e=aAT = (11.7>< 10 oc)(aU‘C)
= 0.000585 m/m

The thermal stress is

o, = Ee; = (210 GPa) (109 'é%) (0.000585 ;—‘:;)

= 1.2285 x 10° Pa

(This is less than the yield strength of steel.)
The compressive force in the rod is

F=0cA

12.5 mm

= (1.2285 x 10° Pa)n | ——————
(2)(1000 @)
m

=15076 N (15 kN)
The answer is (B).
10. The total change in length is
8t = aLiia(T — T,)
- (11 x 107 l)(m km)(50°C — 20°C)

°C
= 0.0033 km

Add the change in length to the initial length.

L = Linita1 + &
= 10 km + 0.0033 km
= 10.0033 km
The answer is (C).
11. Tanks under external pressure fail by buckling (i.e.,
collapse), not by yielding. They should not be designed

using the simplistic formulas commonly used for thin-
walled tanks under internal pressure.

The answer is (D).
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FE CIVIL PRACTICE PROBLEMS

31-6

12. The torsional shear stress is maximum at the outer
surface and is the same everywhere on the tube. The
maximum moment occurs at the built-in end, tensile at
the upper surface and compressive at the lower surface.
The absolute vaiue of the combined stress at the upper
and lower surfaces at the built-in end will be the same.

The answer is (D).

13. Calculate the torque.

40 em
{ crm
(2)(100 )

m

T (45 1) (1000 )

kN

= 9000 N-m

The polar moment of inertia is

=g~
s (1_1_) 10 em 4 N 7.5 cm 4
: (2)(100 %} (2)(100 %)

=8.71 % 107% m?
Find the angle of twist.

s i 45 {9000 N-m)(120 cm)
G7 (28x 10" Pa)(6.71 x 107 m¥) (100 <)

= 0.057 rad

Find the shear stress in the shaft.

2 10 cm
(9000 N-m) [ ————
(: i
e I "2)(100 m)
J 6.71 x 107% m*
=67.05 x 10 Pa (67 MPa)

The answer is (C).

14. Assume a thin-walled tank. Solve the equation for
tangential (hoop) stress for the wall thickness. Although
the inner radius is used by convention, the outer radius
can be used.

= p_d = p(do = 2:) x pdo
20 20 20,

(8 MPa)(25 cm)
(2}(90 MPa)

=1.11cm (1.1 cm)

1

Check the thin-wall assumption.

| A [.11 em
ri  do—2t 25 cm — (2)(1.11 cm)
2 2
=0.098 < 0.1 [thin wall]

The answer is (C).
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PRACTICE PROBLEMS 3. Refer to the simply supported beam shown.
1. For the beam shown, what is most nearly the max- 1800 N 900 N
imum compressive stress at section D-D, 1.5 m from the 0.65 m 1m 0.35m
left end?
: 45 kN ! !
o= |
1.6m _,ﬁ_ _;7
-——] Vi A
10ecm ‘ D ¢ 2 s .
What is most nearly the maximum bending moment?
o f (A) 340 N-
| | 7}}7/ ~»=D s i
12,6 em o | (B) 460 N-m
section D-D A 3m g15m. (C) 660 N'm
(D) 890 N-m
() SR P 4. Refer to the cantilevered structural section shown.
(B) 110 MPa The beam is manufactured from steel with a modulus of
(C) 230 MPa elasticity of 210 GPa. The beam’s cross-sectional area is
- 37.9 cm?; its moment of inertia is 2880 cm®. The beam
(D) 330 MPa has & mass of 45.9 kg/m. A 6000 N compressive force is

applied at the top of the beam, at an angle of 30° from

2. Refer to the beam shown. The beam is fixed at one the horizontal. Neglect buckling.

end. The beam has a mass of 46.7 kg/m. The modulus of 6000 N
elasticity of the beam is 200 GPa; the moment of inertia Afiﬂ”

is 4680 cm”.

§ |
\ 46.7 kg/m j[ R = i

E :20<:m

S

B
\\\ 8 1500 N* What is most nearly the maximum shear force in the
\ | beam?
R m (A) 3000 N
The upward force at B is 1500 N. What is most nearly (B) 3900 N
the net deflection of the beam at a point 1.2 m from the (C) 5200 N

fixed end?
(A) —0.32 mm (downward)
(B) —0.29 mm (downward)
(C) 0.12 mm (upward)
(D) 0.17 mm (upward)

(D) 6100 N
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5. For the cantilever steel rod shown, what is most
nearly the force, F, necessary to deflect the rod a vertical

o

distance of 7.5 mm?

F
1.6m
7
— !
f |
7.5 mm 10 cm diameter steel
E=210GPa %
(A) 6900 N
(B) 8300 N
(C) 11000 N
(D) 17000 N
6. Refer to the simply supported beam shown.
2500 N 310 N
L 1.25m 4m 0.5|5 m
|
| Y Y
" |
e 2T

What is most nearly the maximum shear?
(A) 500 N
(B) 1000 N
(C) 1500 N

(D) 2000 N

7. Refer to the cantilevered structural section shown.
The beam is manufactured from steel with a modulus of
elasticity of 200 GPa. The beam’s cross-sectional area is
74 em®; its moment of inertia is 8700 em®. The beam has
a mass of 60 kg/m. A 2500 N compressive force is
applied at the top of the beam, at an angle of 22° from
horizontal. Neglect buckling.

2500 N
22°

T Jee

What is most nearly the approximate maximum bend-
ing moment in the beam?

N
3m

8. A rectangular beam has a cross section of 5 em
wide x 10 em deep and experiences a maximum shear
of 2250 N. What is most nearly the maximum shear
stress in the beam?

(A) 450 kPa
(B) 570 kPa
(C) 680 kPa
(D) 790 kPa
9. A simply supported beam supports a triangular dis-

tributed load as shown. The peak load at the right end
of the beam is 5 N/m.

5 N/m

)
-_§:->

R

o,

o

b

10m

What is the approximate bending moment at a point
7 m from the left end of the beam?

(A) 15 N-m
(B) 17 N-m
(C) 28 N'm
(D) 30 N-m

10. Refer to the cantilevered structural section shown,
The beam is manufactured from steel with a modulus of
elasticity of 205 GPa. The beam’s cross-sectional area is
86 cm’; its moment of inertia is 24400 em®. A 3700 N
compressive force is applied at the top of the beam, at
an angle of 40° from horizontal. A counterclockwise
moment of 600 N-m is applied to the free end. Neglect
beam self-weight, and neglect buckling.

37000 N

40°
1 f
*41 cm
I 1

1.6m

What is most nearly the deflection at the tip of the
beam due to the external force alone (ie., neglecting
the beam’s own mass)?

{A) 0.63 mm
(B) 0.82 mm
(C) 1.2 mm
(D) 2.5 mm

PPl # www.ppiZ2pass.com
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BEAMS

SOLUTIONS

1. Find the reaction at A.

> Mc= Ra(45m)— (45 kN)(1.5 m) =0
Ry=15kN

The bending moment at section D-D is
M = (15 kN)(1.5 m) = 22.5 kN-m-

The maximum compressive stress is at the top fiber of
the beam section.

h
W
12
N\ /0.10 m
(225 kN-m) (1000 ) (*5-2)
(0.125 m)(0.10 m)®
12

=108 x 10° Pa (110 MPa)
The answer is (B).
2. Use the principle of superposition to determine the
deflection. The total deflection is the upward deflection

due to the concentrated force less the downward deflec-
tion due to the weight of the beam.

Distance x is measured from the fixed end. The upward
deflection due to the concentrated force is

Vi (éj—;,) (3L — z)
(1500 N)(1.2 m]2(100 %)4
(6)(200 GPa) (10‘-‘ ﬂ) (4680 cm?)

GPa
x ((3)(2.8 m) — 1.2 m)
=(0.000277 m (0.28 mm) [upward]

The downward deflection is due to the beam’s own
mass. Distance z i3 measured from the fixed end. The

load per unit length is

w=mg= (46.? kg) (9.31 E,,) = 458 N/m
2

mn

The downward deflection is

Il

(--—;4‘”;1) (2* — 4Lz + 617

~ (458 %)(1.2 m)* (100 %)4

Pa 4
GP (4680 cm?*)

y ((1.2 m)? — (4)(2.8 m)(1.2 m))
+ (6)(2.8 m)?
(—0.10 mm)

V2

(24)(200 Gpa)(10°

[downward)]

= —0.000103 m

The net deflection is
U=z + ¥2 = 0.28 mm + (—0.10 mm)

=0.17 mm [upward]

The answer is (D).

3. Determine the reactions by taking moments about
each end.
> Mp=—Rx(0.65 m+1m+0.35m)
+ (1800 N)(1 m + 0.35 m)
+ (900 N)(0.35 m) =0

Ry=13725N
Y Fy=Rg+1372.5 N —1800 N - 900 N = 0
Rp=13275N

Draw the shear and moment diagrams.*

1800 N SO0 N
RAT 0.65m 1m 0.35 m? RB
( 13725 N
v
\ -427.5 N | ;
-1327.5N
892 N-m \‘
- 4684.6 N'm \
M

M = VR = (1372.5 N)(0.65 m) = 892 N-m

PPl ¢ www.ppi2pass.com
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The maximum moment occurs 0.65 m from the left end
(where V goes through zero) of the beam and is equal to
892 N-m (890 N-m).

The answer is (D).
4. The maximum vertical shear in the beam will occur
at the fixed end.

V=wL+F,
=mgL+ F,
- kg m i AT f ot o
s (45.9 E) (9.81 3—2) (2 m) + (6000 N)(sin 30°)
= 3900 N

The answer is (B).

8. For a cantilever beam loaded at its tip, with z = L,

s e =D
R8BI
P= —3ET Uy
LS
o 9 Pa
(3)(210 Gpa)(m GPa)
X (%){0.05 m)*(7.5 mm)
B 510 mm
\1.0 Il'l) (1000 ?)

= —6872 N (6900 N) |downward]

The answer is (A).

6. Determine the reactions by taking the moments
about end B and by taking the sum of the forces.

Z;WB =—Rs(1.25 m+ 4 m+ 0.55 m)
+ (2500 N)(4 m + 0.55 m)
+ (310 N)(0.55 m)

%0
Ry =1990.6 N
Y Fy= Rp +1990.6 N — 2500 N — 310 N
=0
Rp=8194 N

Draw the shear diagram.

25{I>N 31zw
055m.d A
1.25m am N
HA' | RB

! 1990.6 N

-509.4 N

From the shear diagram, the maximum shear is
1690.6 N (2000 N).

The answer is (D).

7. The maximum bending moment will cccur at the
fixed end of the beam. The moment will be affected by
the distributed load and the external force. Since the
force does not act through the centroid of the beam (i.e.,
the force is eccentric), both the vertical and the horizon-
tal components of the external force must be included.

The moment due to the beam’'s own mass is

My = twl? = mgL? = (}) (60 %) (981 3)(3 m)?
=2648.7 N-m

The moment due to the vertical component of the exter-
nal force is

My= F,L = (2500 N)(sin22°)(3 m)
= 2809.5 N'm

The force is not applied through the beam’s centroid.
The horizontal component of the force causes the beam
to bend upward, while the other forces bend the beam
downward. The moment due to the eccentricity is

25 cm

(2) (100 ‘i—m)

Tl

My= —F.e=—(2500 N)(cos 22°)

= —280.7 N-m

The total moment is
M= M+ M)+ M
= 2648.7 N-m + 2809.5 N-m + (—298.7 N-m)
= 5168.5 N-m (5200 N-m)

The answer is (B).

PPl @ www.ppi2pass.com
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8. The maximum shear stress is

: em)?
(3)(2250 s)(mu E)

T = & =
B 7 | (2)(5 cm)(10 cm)
=675 x 10° Pa (680 kPa)

The answer is (C).

9. The total force from the distributed load is
N
1 . =) =
BHaom)(s =) =25 N

This force can be assumed to act at two-thirds of the
beam length from the left end, or one-third of the beam
length from the right end.

Sum the moments around the right end to find the left
reaction.

ZMrig]n.end = (25 N) (m"“é—m) o= Rgeﬁ,(lo m) =]
R‘IE:"; — 833 N

The load increases linearly to 5 N/m at 10 m. At T m,
the loading is (0.7)(5 N/m). The total distributed force
over the first 7 m of the beam is

I\)) ~ 1295 N

11

OIESCIE

Sum moments from the point of interest (7 m from the
left end) to either end. The calculation is easier from the
left end.

¥ M= (12.25 N)(?Tm) ~ (8.33 N)(7 m)

= -29.73 N'm (30 N-m)

The answer is (D).

10. With z= L, the deflection due to the vertical com-

ponent of the force is

4
_pgp  —(37000 N)(sin 40°)(1.6 m)3(100 %?)
" = =
3ET g Pa 4
(3)(205 GPa)(m —GPa) (24400 cmt)
= —0.000649 m (—0.649 mm) [downward]

The eccentric application of the force causes an upward
deflection. The deflection due to the end moment is

= 2 cm 4
Mz (600 Nem)(1.6 m)* (100 T2 )

Ug

“T QEI T i 9 Pa 4
(2)(205 GPa) (10 GP&) (24400 crn?)
= 0.0000154 m (0.0154 mm) [upward]

The total deflection due to the external force alone is
v= v + vy = —0.649 mm + 0.0154 mm
= —0.634 mm (0.63 mm) [downward]

The answer is (A).

PPl # www.ppi2pass.com
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1. A steel column with a cross section of 12 cm x 16 cm
is 4 m in height and fixed at its base. The column is
pinned against translation in its weak direction at the
top but is unbraced in its strong direction. The column’s
modulus of elasticity is 2.1 x 10° MPa.

/’ pinned in
7, weak direction

4m
I 12cm
pin A
‘ N 16
fixed H I 2L
T L! —

What is most nearly the maximum theoretical vertical
load the column can support without buckling?

(A) 1.3 MN
(B) 5.2 MN
(C) 6.1 MN
(D) 11 MN

2. A 10 cm x 10 cm square column supports a compres-
sive force of 9000 N. The load is applied with an eccen-
tricity of 2.5 cm along one of the lines of symmetry.
What is most nearly the maximum tensile stress in the
column?

(A) 450 kPa
(B) 900 kPa
(C) 1400 kPa
(D) 2300 kPa

Columns

3. A square column with a solid cross section is placed
in a building to support a load of 5 MN. The maximum
allowable stress in the column is 350 MPa. The column
reacts linearly to all loads. If the contractor is permitted
to load the column anywhere in the central one-fifth of
the column’s cross section, what are most nearly the
smallest possible dimensions of the column?

(A) 12cmx 12 em
(B) 14 emx 14 cm
(C) 16 cm x 16 em
(D) 18 em x 18 cm

4. What is most nearly the maximum resultant normal
stress at A for the cantilever beam shown?

i 17.5cm

45°
]
Y 7.5cm
350N 225N

elevation view cross section

(A) 7.2 MPa
(B) 9.4 MPa
(C) 9.8 MPa
(D) 9.9 MPa

5. A rectangular steel bar 37.5 mm wide and 50 mm
thick is pinned at each end and subjected to axial com-
pression. The bar has a length of 1.75 m. The modulus of
elasticity is 200 GPa. What is most nearly the critical
buckling load?

(A) 60-kN
(B) 93 kN

(C) 110 kN
(D) 140 kN
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33-2

6. What is most nearly the Euler buckling load for a
10 m long steel column with unrestrained ends and with
the given properties and cross section?

Iy =3.70 x 10° mm*

1. Since the column is fixed at one end and pinned at
the other, the theoretical end-restraint coefficient, K, is
0.7. The effective length for buckling in the weak direc-

E =200 GPa tion is
v Ké=(0.7)dm)=28m
[ The moment of inertia for buckling in the weak direc-
100 mm l tion is
—3 pr3 (16 cm)(12 cm)®
25 mm S T
2 (1_2)(100 E)
X' & X' =38 % 107 m
75 mm Calculate the critical buckling force from Euler's
formula.
2
=Bl
v Pee=205
L (K¢)
25 mm - .
n(2.1 x 10° MPa)(10° 1\?; )23 x 107 m)
(A) 15 kN = S
(2.8 m)

(. e 9x10°N (6.1 MN

(C) 43 kN =6.09 x 10° N (6.1 MN)

(D) 73 kN Check the buckling force in the strong direction. The
column is not braced in that direction, so for a column
fixed at one end and free at the other, K=2.

Ké=(2)(4m)=8m
The moment of inertia for buckling in the strong direc-
tion is
3 3 i
L % _ (12.em)(16 cm) = 41 % 10-° me
12)( 100 &2
(12) (100 <2)
Calculate the critical buckling force from Euler's
formula.
ol
T (K
5 ; Pa ¢ =h
2 I AL (] E ] d
T (2.1 x 10 Mpa)(m \.__-lPa)H’] x 107 m*)
(8 m)*
=13x10°N (1.3 MN)
This is less than for buckling in the weak direction. This
force controls.
The answer is (A).
PPI ¢ www.ppi2pass.com




COLUMNS

33-3

2. The cross-sectional area of a square column is

2
A B ( L?)Cgln) =0.01 m®
] R i

1}

The moment of inertia of the square cross section is

4 4
gl LR Cmim =833 x 107 m*
(12)(100 E)

The distance from the neutral axis to the extreme
fibers is

The stress is

—F, Fec
A I
_ —9000 N

0.01 m?

a

(—9000 N)(2.5 em)(0.05 m)
; =6 md &
(3.33 x 107 m )(100 m)

=-9x10° Pa + 1.35 x 10° Pa
(—900 kPa + 1350 kPa)

The first term is due to the compressive column load
and is compressive, (Compressive forces and stresses are
usually given a negative sign.) The second term is due to
the eccentricity. The second term increases the compres-
sive stress at the inner face. It counteracts the compres-
sive stress at the outer face.

The maximum tensile stress is

Otmax = —900 kPa + 1350 kPa = 450 kPa

The answer is (A).

3. The middle one-fifth of the column is a square with
dimensions of b/5 x b/5 (0.2b % 0.2b).

area of permitted
neutral axis

taading point of
of bending »~ maximum

Y / -1 stress
~
\\ / 04b
~

d
b h 0.2b

~N

™
LY
B 0.4b
~
—_— \ —

£

The maximum stress will be induced when the middle
one-fifth square is loaded at one of its corners.

The cross-sectional area is
A=V
The moment of inertia of the square cross section is

bal
I=—

12
The distance from the neutral axis to the extreme
fibers is

(9]
Il
b2 o

The maximum eccentricity is
e=0.1b

The stress at the extreme corner is

_E . Fegc, Fe?cb’
i ks Rk
b
i F(l " {2)(0.11;)(5)
# b
12
1. 18
_ p(? . ?)
_922F
- 22F
b [22F
i
[vooyis s (100 2o
(2.2)(5 MN)(w MN)
e % ¢ Pa
(350 MPa)(lo e

I
=

A77m (18 cm)

The answer is (D).

4. The beam experiences both axial tension and bend-
ing stresses, so it should be analyzed as a beam-column.

D My = (850 N)(7 m) + (225 N)(sin 45°)(7 m)
— (225 N)(cos45°)(5 m)
= 2768 N-m
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33-4 FE CIVIL PRACTICE PROBLEMS

The stress is

b

=Py Me_p M)
WTAT T b e
12

2
5N ° cm
(225 N)(cos 45 )(100 m)
(7.5 cm)(17.5 cm)

17.5 cm
cm
(2)(100 E)
(7.5 cm)(17.5 cm)?
(12}(100 9;1‘?“)4

(2768 N-m)

=7.24x10° Pa (7.2 MPa)

The answer is (A).

5. Use Euler’s formula. K=1 since both ends are
pinned. Use the moment of inertia for the weak

direction.

]
" rr%.‘);i’_Tr E(12)

UK (K0

(50 mm)(37.5 mm)?

(12)(1000 %)4

72(200 GPa) (10° Gp}fja)

((1)(1.75 m))*
141624 N (140 kN)

It

The answer is (D).

6. 7'z’ and ¥y are centroidal axes. Iy, is computed
from the equation /= bh®/12 about the centroidal axis of
a rectangle. For this cross section, & =25 mm,
hy =100 mm, b= 75 mm, and sy, =25 mm.

bkl bk

=g %
_ (25 mm)(100 mm)® (75 mm)(25 mm)®
N < mm) 4 mm\ 4
(12) (1000 _n'i') (12)(1000 ?)
=218 x 1078 m*

Find the Euler buckling load, P.,. The smallest moment
of inertia (corresponding to the least radius of gyration)

should be used. [, is less than [y ,.

= n2El
or (Kf)g
2 s kPa -6 .y
w0 GPa)(lO Gpa){z.m x 10~6 m*)
((1)(10 m))*
=43 kN

The answer is (C).
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Material Properties and
Testing

PRACTICE PROBLEMS 4. What do impact tests determine?
(A) hardness

(B) yield strength
’ (C) toughness

1. A stress-strain diagram is shown.

(D) creep strength

5. The density of a particular metal is 2750 kg/m®. The
modulus of elasticity for this metal is 210 GPa. A cir-
cular bar of this metal 3.5 m long and 160 cm? in cross-
sectional area is suspended vertically from one end.
What is most nearly the elongation of the bar due to
its own mass?

(A) 0.00055 mm
g (B) 0.00079 mm
(C) 0.0016 mm
(D) 0.0024 mm

What test is represented by the illustration?
(A) resilience test
(B) rotating beam test
(C) ductility test

6. A stress-strain diagram is shown.

(D) tensile test {MF'ac;
_ B0 |- — = — i s e
2. A 0.4 m long steel rod has a diameter of 0.05 m and a i
modulus of elasticity of 20 x 10 MPa. The rod supports 400 b — e |I'— .
a 10000 N compressive load. What is most nearly the | /|
decrease in the steel rod’s length? l / :
(A) 1.3%x107° m 280 - s '
| | /
(B) 25x107%m 180 |- : | 1I ! :
. |
(C) 51x10~%m L e Iog
(D) 1.0%10~° m gl o -
0.00075 | 0.02 02 025 028 ¢

0.0013
3. What is the term for the ratio of stress to strain

below the proportional limit? What is most nearly the percent elongation at failure?

(A) modulus of rigidity (A) 14%
(B) Hooke’s constant (B) 19%
(C) Poisson’s ratio (C) 25%
(D) Young's modulus (D) 28%

PPl ¢« www.ppi2pass.com
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7. What does the value of 40 MPa in the illustration 10. A stress-strain diagram is shown.
shown represent?
o
{MPa)
stress
{ViPa) BN o i s
|
| SN o — A
| 1
i |
40 | "I' |
= 250 - o !I ] ]|
= I | I flf |
@ &
S 150 - | : | : :
- : . by I I
) 5 6 logN Ly | A
L iR |
0.0007’.5'0.02 0.2 025 028 ¢
I fatigue limit 0.0013
I endurance limit What is most nearly the modulus of elasticity of the
III.  proportional limit material?
IV.  yield stress (A) 20 GPa
B) 80 GPa
Ay Losy E(‘) 100 GP
> a
(B) I and II )
(D) 200 GPa

(C) M and IV
(D) I, 11, and IV

8. If § is deformation, and L is the original length of the
specimen, what is the definition of normal strain, £7?

(4) -L%f
(B) e =LE2
(D) e=2

9. Which of the following statements regarding the
ductile-to-brittle transition temperature is true?

L. It is important for structures used in cold
environments.
II. It is the peint at which the size of the shear lip or

tearing rim goes to zero.

III. It is the temperature at which 20 J of energy
causes failure in a Charpy V-notch specimen of
standard dimensions.

A) Tonly

B) [and IT
C) T and III
(D) II and I

(
(
(
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34-3

SOLUTIONS

1. The illustration shows results from a tensile test.
Both resilience and ductility may be calculated from
the results, but the test is not known by those names.
The rotating beam is a cyclic test and does not yield a
monotonic stress-strain curve.

The answer is (D).

2. The area of the steel rod is

nd?  7(0.05 m)*

=T _ =
Ay = 1 7 1.96 x 107° m
The decrease in the rod's length is
_Fly
R AE
B (10000 N)(0.4 m)
. ~3-on 4 3 ¢ Pa
(196 x 107 m?)(20 x 10* MPa) (10 —Mpa)
=1.019x10%m (1.0 x107° m)
The answer is (D).

3. Young's modulus is defined by Hooke's law.
o= Es

E is Young's modulus, or the modulus of elasticity,
equal to the stress divided by strain within the propor-
tional region of the stress-strain curve.

The answer is (D).
4. An impact test measures the energy needed to frac-
ture the test sample. This is a toughness parameter.

The answer is (C).

5. The mass of the bar is

m=pV = pAL

~ (2750 L_gd) (160 cm?

%/ \ (100 %)

(3.5 m)

= 154 kg

The total gravitational force is experienced by the metal
at the suspension point. Farther down the rod, however,
there is less volume contributing to the force, and the
stress is reduced. The average force on the metal in the
bar is half of the maximum value.

. ik
Fu\'e o Eanx =3mg

= (1) (154 kg) (.81 :_;)

=T55 N

The elongation is

¢=AL
£ LU
& ghomLls et
AL—;LU EL[}“AELD

755 N - cm) 2
3.5 m)(100 &2
({160 cm?)(210 x 10° Pa))[' 5m)( m)

=7.868 x 107" m (0.00079 mm)

The answer is (B).

6. The strain at failure used in the equation is found by
extending a line from the failure point to the strain axis,
parallel to the linear portion of the curve. The percent
elongation is an indicator of the ductility of a material,
but it is not the same as the ductility. The percent
elongation is
percent elongation = €; x 100%
= 0.25 x 100%

= 25%

The answer is (C).

7. The illustration shows results of an endurance (or
fatigue) test. The value of 40 MPa is called the endur-
ance stress, endurance limit, or fatigue limit, and is
equal to the maximum stress that can be repeated inde-
finitely without causing the specimen to fail.

The answer is (B).

8. Strain is defined as elongation, §, per unit length, L.

The answer is (D).

9. Option II is the only one that is false. A test piece that
breaks at 20 J of energy usually has a small shear lip.

The answer is (C).

10. The modulus of elasticity (Young's modulus) is the
slope of the stress-strain line in the proportional region.

o= Ee
F=9_ 150 MPa
e 0.00075

= 200000 MPa (20 x 10! MPa)

The answer is (D).
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PRACTICE PROBLEMS
1. Refer to the phase diagram shown.
C E
@
3
[ D
@
Q.
£ B F
2
A G
o p

The region enclosed by points DEF can be described as a

(A) mixture of solid 3 component and liquid a
component

(B) mixture of solid /7 and liquid 3 component
(C) peritectic composition

(D) mixture of solid 3 component and a molten mix-
ture of & and 8 components

2. Which of the following figures is a cooling curve of a
pure metal?

(A)

o

=

o

@

o

E

2

time

(B)

g

-

<

a

g |

S !iquidf liquid

and |

I solid | solid

time

Engineering Materials

w
(C) =
[
s ©
2 =
=
g I
g- I
43 | |
- i i
! |
! solid | solid
time
(D)
|
o
=
=l
.Q-J ]
o |
E |
2

3. A composite material consists of 20 kg of material A,
10 kg of material B, and 5 kg of material C. The den-
sities of materials A, B, and C are 2 g/cm®, 3 g/em®, and
4 g/em®, respectively. What is most nearly the density
of the composite material?

(A) 2.1 g/cm®
(B) 2.4 g/em®
(C) 2.7 gfem®
(D) 3.3 g/cm®

4. Which of the following characteristics describes
martensite?

L. high ductility
I1. formed by quenching austenite
[II.  high hardness

(A) T only
(B) Iand II
(C) T'and III
(D) II and III
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5. A mixture of ice and water is held at a constant
temperature of 0°C. How many degrees of freedom does
the mixture have?

(A) ~1
(B) 0
(@) 1
(D) 2

6. Given the electrochemical cell shown, what is the
reaction at the anode?

0,
T
.»Ig[-.»: e .
- piaie 7
Pt Z
Znte Cu*2

(A) Cu—Cu?t+2¢
(B) Cu®*+2¢~—Cu
(C) Zn—Zn* 426~
(D) Zn** +2¢”—Zn

7. Refer to the phase diagram shown.

temperature

A G
a« g

Which line(s) is/are the liquidus line(s)?
(A) CBDFG
(B) CDE
(C) CBFE
(D) ABC and EFG

8. What is the hardest form of steel?
(A) pearlite
(B) ferrite
(C) bainite

(D) martensite

9. Which of the following processes can increase the
deformation resistance of steel?

L. tempering
IL. hot working
ITIT.  adding alloying elements
IV. hardening
(A) Iand II
(B) Tand IV
(C) Mand III
(D) IO and IV

10. Corrosion of iron can be inhibited with a more
electropositive coating, while a less electropositive coat-
ing tends to accelerate corrosion. Which of the following
coatings will contribute to corrosion of iron products?

(A) zine

(B) gold

(C) aluminum
)

(D) magnesium

11. Refer to the phase diagram shown.

1500
c E
o
© 1000 -
|
g D
g B F
S 500 (-
A ] | | | G
0 20 40 80 80 B
a 80 60 40 20 0
(wt%)

Approximately how much solid (as a percentage by
weight) exists when the mixture is 30% a and 70% 3
and the temperature is 800°C?

(A) 0%
(B) 19%
(C) 30%
(D) 50%
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ENGINEERING MATERIALS

35-3

SOLUTIONS

1. The region describes a mixture of solid § component
and a liquid of components « and 3.

The answer is (D).

2. The solidification of a molten metal is no different
than the solidification of water into ice. During the
phase change, the temperature remains constant as the

heat of fusion is removed. The temperature remains
constant during the phase change.

The answer is (A).
3. Calculate the volume, V, of each material.

(20 kg) (1000 %)

B
cm?

m
VA =t A

Pa

= 10000 cm?®

(10 kg)(lODD :g;)

Yy B ke
B 3 °3
CInl
= 3333 cm®
(5 ke) (1000 ﬁ)
, . mg kg
I’ c=—=
po 4B,
cm?
= 1250 cm?

The total volume is
Viee= ¥Va+ Vg + Vg
= 10000 cm® + 3333 em® + 1250 em?
= 14583 cm?

The density of the composite material is

Pe.= Zfipi = fAP,-\_ + JFB:OB - fcpc

_ Vapa + Vepg + Vepe
Vtct

(10000 em?)(2 £ ) + (3333 01113)(3 %)

em® cm3
1250 em?® (4 i)
+ (1250 cm?) v
14 583 cm?

=24 g/em?

The answer is (B).

4. Martensite is a hard, strong, and brittle material
formed by rapid cooling of austenite.

The answer is (D).

5, Since solid and liquid phases are present simulta-
neously, the number of phases, P, is 2. Only water is
involved, so the number of compounds, C, is 1.

Gibbs’ phase rule is applicable when both temperature
and pressure can be varied. When the temperature is
held constant, Gibbs’ phase rule is

PPl temperature
F=C+1-P
=1+1-2
=0

The answer is (B).

6. Zinc has a higher potential and will act as the anode.
By definition, the anode is where electrons are lost. The
reaction at the anode of the electrochemical cell is
In—Zn°tT +2¢e".

The answer is (C).

7. The liquidus line divides the diagram into two
regions, Above the liquidus line, the alloy is purely
liquid, while below the liquidus line, the alloy may exist
as solid phase or as a mixture of solid and liquid phases.
The liquidus line is CDE.

The answer is (B).

8. Hard steel is obtained by rapid quenching. Martens-
ite has a high hardness since it is rapidly quenched.
Though martensite is hard, it has low ductility.

The answer is (D).

9. Surface hardening processes will increase the defor-
mation resistance of steel. Some alloying metals will
also increase steel hardness. Tempering and hot work-
ing increase the ductility (deformation capability) of
steel.

The answer is (D).

10. Zinc, aluminum, and magnesium are all more elec-
tropositive (anodic) than iron and will corrode sacrifi-
cially to protect it. Gold is more cathodic and will be

protected at the expense of the iron.

The answer is (B).

PPl ¢ www.ppi2pass.com
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35-4 FE CIVIL PRACTICE PROBLEMS

11. Use the phase diagram to find the fraction of solid.

1500

molten mixture of o + B
(liquid « + liquid B)

1000 +
800 |- ——SEHES -

temperature (°C)

1
solidus line |
500 :
a solid + B solidi
: 1
1 ] L1
57% 70% 83%
(Wt%)
B i . =T
wt% fraction solid = —=2 x 100%
Iy — T3
70% — 57%
= ——01 % 100%
83% — 57% !
= 50%

The answer is (D).
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1.

Which statement about the modulus of elasticity, E,

is true?

2!

(A) It is the same as the rupture modulus,

(B) It is the slope of the stress-strain curve in the
linearly elastic region.

(C) It is the ratio of stress to volumetric strain.

(D) Its value depends only on the temperature of the
material.

What moedulus of elasticity is predicted by ACI 318

for normal weight concrete with a compressive strength
of 3000 Ibf/in*?

3.

(A) 0.26 x 10® psi
(B) 1.9 x 10° psi
(C) 2.8 x 10° psi
(D) 3.2 x 10° psi

Which of the following criteria must be met in order

for the compressive strength of concrete to be satisfied?

I.

11,

I1L

IV.

No single strength test falls below the specified
compressive strength, f', by more than 0.10f".
No single strength test falls below the specified
compressive strength, fi. by more than 0.20f’.
The average of every three consecutive strength
tests equals or exceeds the specified compressive
strength.
The average of every three consecutive strength
tests must not equal or exceed the specified com-
pressive strength.

(A) I and III

(B) T and IV

(C) II and III

(D) I and IV

4.

Structural Design:
Materials and Basic
Concepts

A waste product of coal-burning power-generation

stations, fly ash, is the most common pozzolamic addi-
tive. Which of the following statements are true about

fly
I.

IL.

II1.

IV.

6.

ash?
Fly ash reacts with calcium hydroxide to increase
binding.
Fly ash reacts with calcium silicate to form a
binder.
Fly ash acts as a microfiller between cement par-
ticles, increasing strength and durability while
reducing permeability.
When used as a replacement for less than 45% of

the portland cement, fly ash meeting ASTM C618
enhances resistance to scaling from road-deicing
chemicals.

(A) Tand IT

(B) I and IV
(C) I, 11, and IV
(D) II, II, and IV

. Which category of steel contains 0.15-0.29% carbon?

(A) low-carbon

(B} mild-carbon
(C) medium-carbon
(

D) high-carbon

Which property of steel allows it to undergo large

inelastic deformations without fracture?

(A) vield

(B) elasticity
(€)

(D)

ductility

toughness

PPI ©# www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

36-2

7. A simply supported reinforced concrete beam 12 in
wide and 28 in deep spans 20 ft. The beam is subjected
to a uniform service dead load equal to 2.0 kips/ft
(exclusive of beam weight) and to a uniform service live
load of 2.4 kips/ft. The factored uniform load is most
nearly

(A) 6.7 kips/ft

(B) 7.4 kips/ft

(C) 8.0 kips/ft

(D) 9.2 kips/ft

8. A simply supported beam 12 in wide, 24 in deep, and
30 ft long is subjected to a dead load of 1.2 kips/ft and a
live load of 0.8 kip/ft in addition to its own dead weight.
Most nearly, what moment should be used to determine
the steel reinforcement at the center of the beam?

(A) 12 ft-kips

(B) 350 ft-kips
(C) 380 ft-kips
(D) 420 ft-kips

SOLUTIONS =

1. The modulus of elasticity is the slope of the stress-
strain diagram in the linearly elastic region.

The answer is (B).

2. The modulus of elasticity is
E = 33u!S/T,

— _ M 1.5 ) l_lzi
= \33)(140 ina) 3000 =23

=3.16 x 10° psi (3.2 x 10° psi)

The answer is (D).

3. The compressive strength of concrete is considered
satisfactory if two criteria are met: (a) no single strength
test falls below the specified compressive strength, f’, by
more than 0.10f,, and (b) the average of every three
consecutive strength tests equals or exceeds the specified
compressive strength,

The answer is (A).

4. Fly ash reacts with calcium hydroxide to increase
binding, acts as a microfiller between cement particles
to increase strength and durability while decreasing
permeability, and enhances resistance to scaling from
road-deicing chemicals when it meets ASTM C618 and
is used as a replacement for less than 45% of the port-
land cement.

Calcium silicate hydrate is a binder that holds concrete
together on its own.

The answer is (C).

5. Carbon steels are divided into four categories based on
the percentages of carbon: low-carbon (less than 0.15%),
mild-carbon (0.15-0.29%), medium-carbon (0.30-0.59%),
and high-carbon (0.60-1.70%).

The answer is (B).

6. Yield stress is the unit tensile stress at which the
stress-strain curve exhibits a well-defined increase in
strain without an increase in stress. The modulus of
elasticity is the slope of the initial straight-line portion
of the stress-strain diagram. Toughness is the ability of
a specimen to absorb energy. Ductility is the ability of
steel to undergo large inelastic deformations without
fracture.

The answer is (C).

PPl ©¢ www.ppi2pass.com




STRUCTURAL DESIGHN:

MATERIALS AND BASIC CONCEPTS

36-3

7. Although the unit weight of umjeinforced normal
weight concrete is taken as 145 lbf/ft®, the unit weight
of reinforced nolmal weight concrete is usually assumed
to be 150 Ibf/ft>. The weight of the beam per unit

length is
; : Ibf
(12 in)(28 111)(150 ft_3)

W = bhw = o
in
(12 ft) (1000 'k_)

= 0.35 kip/ft

The factored uniform load is the maximum of

U= 14D = (14) (2 0 k;ps +0.35 kflnp)

= 3.29 kips/ft [does not control]
U=12D+1.6L

_ kips kip kips
= (1.2)(2.0 ft +0.35 ft) (1. 6)(24 ft )

= 6.66 kips/ft (6.7 kips/ft)
The larger value controls, so use 6.7 kips/ft.

The answer is (A).

8. The specific weight of steel-reinforced concrete is
assumed to be 150 1bf/ft®. The weight of the beam is

(12 in)(24 in) (150 lflt”af)

(12 %) (1000 l‘{b;)

The factored uniform load is

W = bhw = = 0.3 kip/ft

U=1.2D+16L
_ kips kip klp)
_(1.2)( 12 T 0 )+(1.6)(08 .

= 3.08 kips/ft

For a uniformly loaded beam, the factored moment is
maximum at the center of the beam and is

klps 2

30 ft

UL2 (3 08 f)( )
8 8

= 347 ft-kips (350 ft-kips)

M,=

The answer is (B).

PPl ¢ www.ppi2pass.com

©
—
=
=
Q
el
i
e
L7p]




3
. n

L [T I A am i o [ |

P
Is e i i L B Rl D IR

i [ |
B L3
PR o
I ¥ 1
L
: # & —mein
R
&
“&x
=
i
W Bt
.
o
-
s

Lol

O

-4

LY.




1. The span length and cross section of a reinforced
concrete beam are shown. The beam is underreinforced.
The concrete and reinforcing steel properties are
fL, = 3000 Ibf/in?, f, = 40,000 Ibf/in® and A, =3 in’.

5ft
live load, P,
load, wp = 5 |bf/ft
‘r /dead . Wp

! 12in

' i)

) . o o.._

_____ steel reinforcing bars__ [ 1810} 18 '"‘I_ As.
7 - beam
| | cross
10 ft > section

Neglecting beam self-weight and based only on the
allowable moment capacity of the beam as determined
using American Concrete Institute (ACI) strength
design specifications, the maximum allowable live load
is most nearly

(A) 23,000 Ibf
) 29,000 Ibf
) 35,000 Ibf
D) 50,000 Ibf

(B
(C
(

2. A floor system consists of ten 30 ft long reinforced
concrete beams and a continuous 5 in deck slab. (A typical
section is shown for the deck and two of the beams.)
Assume the beams are underreinforced,

= > 15in
15in
Ag A,
[ ] L] —_—
10||n
al 50 in '

Reinforced Concrete:
Beams

For each beam in the floor system, the ACI-specified
effective top flange width is most nearly

(A) 36 in
(B) 50 in
(C) 60 in
(D) 90 in

3. The cross section of a reinforced concrete beam with

" tension reinforcement is shown. Assume that the beam

is underreinforced.

20in
23in

3-No. 9 bars |5

£.= 3000 1bf/in?
f!’r = 40,000 lbf/inz
Ag=3in?

Al =1 in?

[three no. 9 bars]

If the dead load shear force in the beam is 5 kips and the
live load shear force in the beam is 15 kips, then the
minimum amount of shear reinforcement needed for a
center-to-center stirrup spacing of 8 in based on ACI
strength design is most nearly

(A) 0.10 in®
(B) 0.12 in®
(C) 0.14 in®
(D) 0.18 in”

PPl ¢ www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

37-2

4. The span length and cross section of a reinforced
concrete beam are shown. The beam is underreinforced.
The concrete and reinforcing steel properties are
fi, = 2500 Ibf/in?, f, = 50,000 1bf/in%, and A,=3.8 in®.

5 ft

]

live load, P, = 50,000 !bf

dead load, wp = 12 Ibf/ft

14 in

=

'

a e
22in| 18in Ay’
k) \’if
beam
cross
! section

S

steel reinforcing bars

10ft

The beam supports a concentrated live load of
50,000 1bf. Neglect beam self-weight. The minimum
amount of shear reinforcement required for a center-to-
center stirrup spacing of 12 in under ACI strength
design specifications is most nearly

(A) 0.17 in®
(B) 0.23 in®
(C) 0.38 in®
(D) 0.78 in?

5. A floor system consists of 30 reinforced concrete
beams and a continuous 4 in deck slab. (A typical sec-
tion is shown for the deck and two of the beams.)
Assume the beams are underreinforced.

,%_ 3__4in

22in

s b
w
->

13in

40in

f.= 2800 1bf/in?
f,= 42,000 Ibf/in?

L=301t [simple span length]

Assume the effective flange width for this beam is 40 in.
If the area of reinforcing steel per beam is 6.00 in?, the
nominal moment capacity of each beam based on ACI
strength design is most nearly

(A) 150 ft-kips
(B) 160 ft-kips
(C) 520 ft-kips
(D) 650 ft-kips

6. The span length and cross section of a reinforced
concrete beam are shown. The beam is underreinforced.
The concrete and reinforcing steel properties are
fi, = 3100 Ibf/in?, f, = 35,000 Ibf/in* and 4, = 2.5 in®,

4 ft

live load, P,

dead load, wp = 7 lbffft

)4
[T s

steel reinforcing bars 16in| 13 i”i ffs.

P, s beam
| | Cross
o 8 ft ' section

The balanced reinforcing steel ratio for this beam in
accordance with ACI specifications is most nearly

(A) 0.037
(B) 0.046
(C) 0.051
(D) 0.058

7. A floor system consists of 20 reinforced concrete
beams and a continuous 3 in deck slab. (A typical sec-
tion is shown for the deck and two of the beams.)
Assume the beams are underreinforced.

= = 3in
20in

AR As

L] L

I
12in
|
48 in )

f.= 3000 1bf/in®
£, = 60,000 1bf/in?

L=301t [simple span length]

PPI ¢ www.ppi2pass.com




REINFORCED CONCRETE: BEAMS 37-3

9. A monolithic slab-beam floor system is supported
on a column grid of 18 ft on centers as shown. The
dimensions of the cross section for the beams running
in the north-south direction have been determined.

Assume the effective flange width for this beam is 48 in.
If the area of reinforcing steel per beam is 7.25 in®, the
nominal moment capacity of each beam based on ACI
strength design is most nearly

(A) 680 ft-kips

(B) 770 ft-kips . 18 . 18 ft |
(C) 800 ft-kips é o rJj
(D) 880 ft-kips (s s 5 b T
N
18 ft

8, The cross section of a reinforced concrete beam with
compression reinforcement is shown,

©
S
18 ft T
=
|' n
20in |
23in
!
f.. = 3000 Ibf/in?
f, = 40,000 Ibf /in?
Ag=3 in? (b}
A,=1in?
What is most nearly the effective flange width?
The nominal moment capacity of the beam is most ;
nearly pEER (A) 45 in
(A) 130 foki (B) 54 in
B) 150 ftwi\':ps \C} 63n
( R (D) 72 in

(C) 170 ft-kips
(D) 190 ft-kips

PPI ©# www.ppi2pass.com
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37-4

10. A reinforced concrete T-beam with a 30 ft span and
a 30 in effective width in a floor slab system is fixed at
both ends and is reinforced as shown, f’ = 3000 Ibf/in?,
A,;=3 in® and f, = 60,000 1bf/in% The stress block is
within the flange.

7-No. 8

A :j / B < - 7-No. 9 ]
7 ,— stirrups No. 3 @ 6 in (throughout] Ef/j
Ay ] N oNo.s |
| 30 ft '

plan view

3-No. 9
section A-A section B-B

The nominal moment capacity in the positive moment
region is most nearly

(A) 300 ft-kips
(B) 360 ft-kips
(C) 390 ft-kips
(D) 410 ft-kips

SOLUTIONS

1. The height of the stress block is

. Ibf
Af, B 1113)(40 000 2

085/cb  (0.85) (3000 @)(12 n)

=3.92 in

"--._.-/

For flexure. the strength reduction factor, ¢, is 0.90.

M,=¢M, = ¢‘4'!f.'f (d - ‘E)

(0.90)(3 in'z)(m 000 lbf) (15 e 3.93 1;1)
a 1n
12 2

= 117.350 ft-1bf
The maximum bending moment occurs at midspan.

M,=12Mp+1.6M;
?U%L L1 GPLL

=12

This can be solved for the maximum allowable live load.

y 2
4(.-1-{,, N 1.2%)
Py =

1.6L
(117,350 ft-1bf)

(5 “[:’f) (10 f)?
8

G (1.2)

(1.6)(10 fr)
29,319 1bf (29,000 Ibf)

The answer is (B).

2. The effective flange width is

’ (4)(span length) = ()(30 ft) (12 %)
= 90 in
b, = smallest by + 16kf = 10 in + (16)(5 in)
=90 in
beam ccx.ltor]ine —50in
I spacing

Therefore, the ellective flange width is 50 in.

The answer is (B).

PPl # www.ppi2pass.com




REINFORCED CONCRETE: BEAMS

37-5

3. For shear, the capacity reduction ratio is ¢ = 0.75.
The ultimate shear force in the beam is

Vu=12Vp+ 16V,
= (1.2){5 kips) + (1.6)(15 kips)
= 30 kips

The nominal concrete shear strength is

V,=2b,dv/T,
(2)(12 i)(20 in), /3000 1%

- .kip
1000 2

= 26.29 kips
¢V, (0.75)(26.29 kips)

2 2

— 9.9 kips

Since V, > ¢V, /2, shear reinforcement is required.
¢ V.= (0.75)(26.29 kips) = 19.72 kips

Since V, =30 kips > ¢ V. = 19.72 kips, the required
shear strength provided by the steel is
Vy 30 kips

V5=—.‘ i VL‘ =
@ 0.75

— 26.29 kips = 13.71 kips
The required steel area is

(8 in)(13.71 klpb)(lOUO kip)

7,d (40,000 M) (20 in)

in?
=0.1371 in®* (0.14 in?)

Although not required for this problem, in an actual
design and analysis situation, a check should be made
to ensure that V| does not exceed the ACl-allowed max-

imum shear reinforcement given by Ve =8 \/j_f:bd.

The answer is (C).

4. For shear, the strength reduction factor, ¢, is 0.75.
The maximum factored shear force in the beam is at
either one of the supports and is

Ve=12Vp+ 16V = 1.2353—L+ 1.65;£

Ibf
(12 E)(m ) 50,000 Ibf
=

= 40,072 Ibf

= (1.2)

The nominal concrete shear strength is

Ve 2t = (0 )1 ) o

= 25,200 lbf
¢V, (0.75)(25,200 Ibf)
g 2
= 9450 1bf
oV,
AN 5

Therefore, shear reinforcement is required.

In accordance with ACI specifications, the minimum
required amount of shear reinforcement for a stirrup
spacing of 12 in is

®
A = 50bys _ (50)(14 in)(12 in) g
T 50,000 1o 2
in2 wn

= 0.168 in?

The amount of shear reinforcement based on factored
loading can be determined as follows.

T
Vs = At-‘fy S
Vet Vs) 2 Vy
A= Vu‘_ﬁz;“c
(bfy;

40,072 Ibf — (0.75)(25,200 Ibf)

(0.75)(50,000 11%) (%‘}E)

= 0.376 in® (0.38 in?)

The larger value for 4, controls. Use 4, = 0.38 in®.

The answer is (C).

8. This problem asks for the nominal moment capacity,
M, not the allowable moment capacity, ¢M,. There-
fore, the reduction factor, ¢, is not needed.

First, assume that each beam is rectangular with a
width b= b,=40 in. The depth of the concrete compres-
sive stress block is

A,

= 1
0.85/%b

- = Ibf
(600 )(42,000 inz)
b

© (0.85) (2800 @) (40 in)

= 2.65 in
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37-6 FE CiVIL PRACTICE PROBLEMS

Since @ < slab depth of 4 in, the nominal moment
capacity of the beam is the same as for a rectangular
singly reinforced concrete beam. Using b = b, = 40 in,
the nominal moment capacity is

M, =0.85f.ab (c - %)

(0.85) (2800 %)(2.55 in}

x (40 in)(zﬁ in —

(12 ) (moo i%f;)

= 520 ft-kips

2.63 in)

This can also be calculated by using the following equa-
tion in accordance with rectangular singly reinforced
concrete beam theory.

o= 42,(4-9)

Even though the problem statement assumes that the
beam is underreinforced, the actual reinforcing steel
ratio and its limits should always be checked in real
design and analysis problems.

The answer is (C).

6. The ratio of the rectangular stress block depth to the
neutral axis depth is

" —
8, =0.85> (0.85 ~0.05 (&—4-009)) > 0.65

1000
o (f. — 4000
0.85 (0‘00)( s
3100 £ _ 4000 X
= 0.85 — (0.05) i ToF DL
1000 =5
mn

= 0.895

The reinforcement ratio is

Expressions for A, and d; are needed.

g, = 0.003

Es

For a balanced condition. the concrete strain is 0.003,
and the steel is at yield.

& E¢ Ee
dﬁ Eg__'_su

The modulus of elasticity for steel is E, =29 x 10° Ibf/in?.
Since €. = 0.003, for the balanced condition,

1 87,000

d,~ c(87,000 + f,)

The required steel area can be found from the nominal
moment strength.

M, = o.ssf;_ab(d = g)
(i
- a9
4, - 085fab
5y
And, since a = 3, ¢,

_0.85f,8,cb

A,
Iy

Combining the expressions for p, 1/d;, and A, the
balanced reinforcement ratio is

_ {08551, 87.000
A=\T7, ) \8T000+7,




REINFORCED CONCRETE: BEAMS

37-7

Use g, =0.85 since this is its maximum allowed value.

Ibf
Py = (“-35-511’2) o T

f Ibf
y 87,000 5+ f,

2

Ibf

(0.85)(0.85) (3100 E)

Tof
in?

87,000 14

I

87,000 22 4 35,000 12
m 111

= (1.0456 (0.046)

35,000

The answer is (B).

7. This problem asks for the nominal moment capacity,
M., not the allowable moment capacity, ¢M,. There-
fore, the reduction factor, ¢, is not needed.

The depth of the concrete compressive stress block must
be checked to see whether or not it exceeds the 3 in deck
thickness. If the depth of this compressive stress block
exceeds the deck thickness, then each beam is a T-beam
and T-beam formulas apply for determination of the
nominal moment capacity. If, however, the depth of
the concrete compressive stress block does not exceed
the deck thickness, then each beam is a rectangular
beam and rectangular beam formulas apply for determi-
nation of the nominal moment capacity.

b=b,=48in

|_{h,: 3in
_f

20in

S

b,=12in

First, assume that each beam is rectangular with a
width of b = b, = 48 in. The depth of the concrete com-
pressive stress block is

in2

0857 (0.85) (3000 lbf) (48 in)

in=

f £ 9 Ihf
Af, (12 m-)(en‘uoo )

=3.551n

Since a > slab depth of 3 in, the beam is a T-beam.

Since ¢ = 3.55 in was found by assuming that the beam
was a rectangular beam with width b=48 in, this depth
only indicates whether or not the beam is a T-beam and
is not the correct depth for determining the nominal
moment capacity. The correct depth is now found by
applying the concepts of static equilibrium to the beam.

To find the correct depth, a, sum horizontal forces in the
T-beam to show that the upper (above the neutral axis)
compressive concrete stress block force is equal to the
lower (below the neutral axis) maximum tensile force
sustained by the reinforcing bars. By dividing the entire
concrete compressive stress block section into three
parts (a rectangular part and two overhanging flanges),
depth a can be found.

Ay is the area of overhanging flanges. 4, is the total area
of concrete compressive stress block. A, is the area of
concrete compressive stress block in the rectangular part
of the T-beam between the overhanging flanges.

Aj= (be — bu)hy
= (48 in — 12 in)(3 in)
= 108 in?

From equilibrium of horizontal forces,

0.85f.A. = Af,
Af,
= 0.85f"
(7.25 in2) (ao,ooo

o)
Ibf
o)

(0.85) (3000

= 170.59 in?
Ay=bya=A, - A
A, — Ay
a= b

= 170.59 in” — 108 i”
12 in
=:5.22:m

Alternatively, a redefined stress block depth could be
used.

Asfy hf(bc i bw)

‘085 b ba
L Ibf
B (7.25 in®) (\607000 1';2‘) (3 in)(48 in — 12 in)
= Ibf LR 12 in
(0.85)(3000 i?)(lz in)
=522 in
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FE CIVIL PRACTICE PROBLEMS

37-8

The nominal moment capacity of the T-beam is

M = 0.85f,hy(be — bu) ( y %{)
= pf a
* O.Safcabm(d E E)

Ibfy /o

(0.85)(3000 :23)(3 in)
; ; . _3in
X (48 in — 12 in) (23 in — T)

+(0.85)(3000 %)(5.22 in)

x (12 in)(23 in—

(12 1) (1000 g)

= 765 ft-kips (770 ft-kips)

5.2; in)

i

w
Landd
L]
=
(2]
. =
{=
-
ay

Even though the problem statement assumes that the
beam is underreinforced, the actual reinforcing steel
ratio and its limits should always be checked in real
design and analysis problems.

The answer is (B).

8. Determine whether compression steel yields.

Ag— A, =3in’ -1 in?

= 2 in?

0.858,f.d'b ( 87,000 )

7, \87000-7,
(0.85)(0.85) (3000 %)(1 83012 1)
- in
40,000
m
87,000 1L
% mn
87,000 £ _ 40,000 B
mn 11
=12 in®

Compare both sides of the equation.

0.858,f,d'b {87,000
f, \87000-7,

2in? > 1.2 in?

A — AL >

Therefore, compression steel yields.

Calculate the depth of the concrete compressive stress
block.

||/ F_‘..
T 085

AV
(0.85) (3000 12 )
(© 8)](300(} i][12)(12 in)
= 2.61 in

The nominal moment strength is

M, = fy((z‘ls - A;}(d - g) + A(d— d’))

(4(]:000 %f-) ((3 in? —1 ing}(QU in — 2'6% in) )

a8 + (1 in?)(20 in — 1 in)

(12 @ (1000 kl;)

187.95 ft-kips (190 ft-kips)

The answer is (D).

9. The effective width of the flange is determined as the
smallest of

" ’
(1) (span length) = (3)(18 ft) (12 E)
= 54 in
by + 16hs = 15 in + (16)(3 in
o= smallestJ / i )
=063 in
be: terli . i
heam cer.l erline = (6 ) (12 123)
spacing f
= 72 in

\

Therefore, the effective flange width is 54 in.

The answer is (B).

10. The positive moment region for slabs is the central
region, so cross-section B-B is applicable. Since the
stress block is within the flange, a < Ay, and the T-beam
can be analyzed like a rectangular beam. The distance
from the extreme compression fibers to the extreme
tensile steel is

d=4in+ 26 in— 2.5 in
=27.5 in

Determine the height of the stress block.

(3 in?) (60 klps)

in2 /-

a,= ASfy = —
0.857cbe  (0.85) ( k—‘f) (30 in)

i
in
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REINFORCED CONCRETE: BEAMS 37-9

The moment capacity can be calculated from either the
steel properties (with b= b,) or from the concrete prop-

erties. Using the steel properties,
My=Adf,(d-5)

(3 in?) (60 klps) (275 n - ————2'3;’ )

in?

- in
12 m
= 394.9 ft-kips (390 ft-kips)

Using the concrete properties,
= = -2
M, = 0.85f. ab, (d 2)

(0.85) (3 ‘:‘—ps) (2.35 in)(30 in)

n?

X (27.5 in — 2'33 i“)

1
zfz

= 304.9 ft-kips (390 ft-kips)

The answer is (C).
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38

PRACTICE PROBLEMS

1. For the short, concentrically loaded round spiral
column shown, the applied axial dead load is 150 kips,
and the applied axial live load is 350 kips.

f; = 4000 Ibf/in?
f, = 60,000 Ibffin?
18 in .
‘ i

six bars

longitundinal
reinforcement

round spiral column
{cross section)

Assuming that the longitudinal reinforcing bars are all
the same size, the minimum required size of each longi-
tudinal reinforcing bar is

(A) no. 7
(B) no. 8
(C) no. 9
(D) no. 10

2. For the short, concentrically loaded square tied col-
umn shown, the applied axial dead load is 150 kips, and
the applied axial live load is 250 kips.

f, = 4000 Ibffin?

f, = 60,000 Ibffin2

18 in

eight bars

longitundinal -
reinforcement

square tied column
{cross section)

Reinforced Concrete:
Columns

Assuming that the longitudinal reinforcing bars are all
the same size, the minimum required size of each longi-
tudinal reinforcing bar is

(A) no. 3

(B) no. 4

(C) no. 5

(D) no. 6
3. A reinforced concrete tied column is subjected to a
design axial compression force of 1090 kips that is con-
centrically applied. Slenderness effects are negligible,
and the column is to be designed using ACI 318. Given
a specified compressive strength of 5000 psi, grade 60
rebars, and a specified longitudinal steel ratio of 0.02,
what is most nearly the width of the sides of the smallest
square column that will support the load?

(A) 12in

(B) 16 in

(C) 20 in

(D) 24 in
4. A 16 in (gross dimension) square, tied column must
carry 220 kip dead and 250 kip live loads. The dead load
includes the column self-weight. The column is not
exposed to any moments. Sidesway is prevented at the
top, and slenderness effects are to be disregarded. The
concrete compressive strength is 4000 1bf/in®, and the
steel tensile yield strength is 60,000 1bf/in®. The longi-
tudinal reinforcement of this column is most nearly

(A) 0.028

(B) 0.061

(C) 0.092

(D) 0.11
5. An 18 in square tied column is reinforced with
12 no. 9 grade 60 bars and has a concrete compressive
strength of 4000 Ibf/in®. The column, which is braced
against sidesway, has an unsupported height of 9 ft and

supports axial load only without end moments. What is
most nearly the design axial load capacity?

(A) 930 kips
(B) 970 kips
(C) 1800 kips
(D) 1900 kips
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38-2 FE CiVIL PRACTICE PROBLEMS

6. The short spiral column shown uses eight no. 8
bars. Assume the loading has a low eccentricity.
fi. = 3500 Ibf/in?, and f, = 40,000 Ibf/in%

8-No. 8 bars

22in

The design strength is most nearly
(A) 810 kips
(B) 870 kips
(C) 890 kips
(D) 8100 kips

SOLUTIONS

1. Determine the amount of reinforcing steel required
by the minimum required reinforcement ratio. Pgs of
0.01. The minimum area of reinforcing steel required is

v
A= pydy = (0.01) (’“I—i”‘)—)

= 2.54 in?

Determine the required amount of reinforcing steel
based on the factored axial load, P,.

P,=12Pp+16P,
= (1.2)(150 kips) + (1.6)(350 kips)
= 740 kips
The nominal axial compressive load capacity is
P,=085P,
(OSBJ (0'85.»(;14001101'9'(9 + fyAs)
(0.85)(0.85f.(A; — A,) + fyAs)

It is required that ¢ P,, > P,. For axial compression with
spiral reinforcement, ¢ = 0.70. Setting ¢P, = P, and
solving for the area of longitudinal reinforcing steel gives

Py

— 0.85f A
A_O.SS@ 085f¢ g
’ f, — 0.85f,
o Inf
(740 mps)(lUOO kip)

(0.85)(0.70)
y Ibfy [ ®(18 in)?
— (0.85) (4000 ) (T)

in?

I r Tof
60,000 -2 — (0.89)(4000 m—z)
— 6.69 in?

A, = 6.69 in? is greater than 4, = 2.54 in® based on the
minimum allowed reinforcement ratio, p, = 0.01. The
minimum required area of reinforcement is 4, = 6.69 in®.

The column has six longitudinal reinforcing bars, The
required area of each longitudinal reinforcing bar is

A " 6.69 in®
Nbars 6 bars

= 1.11 in?/bar

A bar area of 1.11 in” is satisf;led by a no. 10 bar, which
has a nominal area of 1.27 in".
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REINFORCED CONCRETE:

38-3

COLUMNS

In an actual design and analysis situation, a check
should also be made to see that the actual longitudinal
reinforcement ratio does not exceed the maximum
allowable ratio of 0.08.

The answer is (D).

2. The minimum required reinforcement ratio, Py 18
0.01. The minimum area of reinforcing steel required is
Ay= p,A, = (0.01)(18 in)?

=324 in®

Determine the required amount of reinforcing steel
based on the factored axial load, P,.

P.=12Pp+1.6P,

= (1.2)(150 kips) +
— 580 kips

(1.6)(250 kips)

The nominal axial compressive load capacity is

P,=080FP,
= (0.80)(0.85f, Aconcrete + fyAs)
= (0.80)(0.85f,(Ay — As) + f,As)
It is required that ¢.P, > P,. For axial compression with

tied reinforcement, ¢ = 0.65. Setting ¢P, = P, and sol-
ving for the area of longitudinal reinforcing steel gives

P
0.80¢

f, - 0857

- 0.85f' 4,

A=

i Ibf
(580 kips) (1000 = p)

(0.80)(0.65)

—(N.85) (zmnﬂ lbf)(m in)?

60,000 @ ~ (0.85) (4000 1—‘25)

= (.244 in®

Ay = 0.244 in? is less than 4, = 3.24 in® based on the
minimum allowed remforcement ratio, p, = 0.01. There-
fore, the minimum required area of remforcement is

A, = 3.24 in®.

The square tied column has eight uniformly sized lon-
gitudinal reinforcing bars. The required area of each
longitudinal reinforcing bar is

As _324in?
Apars 8 bars
= 0.405 in®/bar

A=

A bar area of 0.405 in? corresgonds to a no. 6 bar, which
has a nominal area of 0.44 in

In an actual design and analysis situation, a check
should also be made to see that the actual longitudinal
reinforcement ratio does not exceed the maximum
allowable ratio of 0.08.

The answer is (D).

3. For a tied column, ¢ =0.65. For a concentrically
loaded tied column, the design strength is given by

@Pﬂ,mﬂx w 080‘;0 (085f:3(A§ . Asr) + fyA.st:I
For a specified longitudinal steel ratio of 0.02,
Ag=p, A, = 0.024,

Substituting gives

©
o]
=]
el
3]
S
]
et
n

1090 l{ipS = ﬁﬁpnrmax
= (0.80)(0.65)

(0. 85)( l?np") (4, — 0.024,)

x
+(60 k‘ps) (0.024,)
Ay =391 in?
b= /A, = V391 n?
=19.8in (20 in)

The answer is (C).
4. Determine the design load, P,

P,=12Pp+ 1.6P,
= (1.2)(220 kips) +
= 664 kips

(1.6)(250 kips)

The gross column area is
A, = (16 in)(16 in) = 256 in*
For a tied column, ¢ = 0.65. The capacity is

GPpmax = 0.809(0.85f,(A; — Ast) + f,Ast)
= (0.80)(0.65)

(0.85)( lj‘psj(zas s Bl

1

& (60 klpS)As:

= 452.6 kips + (29 4 k‘p‘“) As
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FE CIVIL PRACTICE PROBLEMS

The design criterion i3

qﬁPn,max 2 P1.-
' , ) kips
664 kips = 452.6 kips + { 29.4 e Ay
in
Ay =17.19 in?
Ag _ 719 in?

= 0.028

P="4, = 256 in?
Check the limits.

Pin <p< Prax
0.01 < 0.028 < 0.08 [OK]

The answer is (A).

8. The effective length factor for a column braced
against sidesway is

w
—
=
c
(%]
" —
=
=
)

K=110
The radius of gyration is

r=0.288h = (0.288)(18 in)
=5.2in

The slenderness ratio is

. in
ki (10)O ft;(l? E)

ro 5.2 in
=20.8

The gross area of the column is
A, = b = (18 in)? = 324 in?
The area of longitudinal steel reinforcement is
A =N = {12)(1 in?) =12 in?

Since M; = 0, the column is a short column. ¢ =0.65 for
a tied column. The design axial load capacity is

dP, = 0.804(0.85/, (A, — Ay) + Auf,)
(o.ss)( @)

in?
x (324 in? — 12 in?)
; kips
2 S
k +(12 in )(60 in”—)
= 926 kips (930 kips)

= (0.80)(0.65)

The answer is (A).

6. The gross area of the column is

2 :
B =D, _ (22 in)?

7 = 380.1 in?

Since there are eight no. 8 bars, the areca of stecl is
A, = (8)(0.79 in?) = 6.32 in®
¢ =0.70 for spiral columns. The design strength is then

6P, = 0.856(0.85.(A, — Agt) + Auf,)

— (0.85)(0.70)
(0.85) (3300 %f} (380.1 in? — 6.32 in?)
, 5 Ibf
. +(6.32 mu)) 5;101?)[;0 m—z)
kip

= 812.1 kips (810 kips)

The answer is (A).
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Slabs

1. A two-way slab supported on a column grid without
the use of beams is known as a

(A) flat slab
(B) flat plate
(C) drop panel
(D) walffle slab

2. All of the following are conditions that must be
satisfied in order to use the simplified method for com-
puting shear and moments in one-way slabs, given in
ACT 318 Sec. 8.3.3, EXCEPT

(A) There are two or more spans.

(B) Spans are approximately equal, with the longer
of two adjacent spans not longer than the
shorter by more than 20%.

(C) The loads are uniformly distributed.

(D) The ratio of live to dead loads is no more than 5.

Reinforced Concrete:

1. A two-way slab supported on a column grid without
the use of beams is known as a flat plate.

The answer is (B).

2. Shear and moments in one-way slabs can be com-
puted using the simplified method specified in ACT 318
Sec. 8.3.3 when the following conditions are satisfied: (a)
There are two or more spans. (b) Spans are approxi-
mately equal, with the longer of two adjacent spans not
longer than the shorter by more than 20%. (c) The loads
are uniformly distributed. (d) The ratio of live to dead
loads is no more than 3. {e) The slab has a uniform
thickness.

The answer is (D).
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Walls

PRACTICE PROBLEMS
1. According to ACI 318 Sec. 14.3.3, the minimum
horizontal reinforcement for nonbearing walls is

(A) 0.0012 times the gross concrete area for
deformed no. 5 bars or smaller and f,= 60,000 psi

(B) 0.0015 times the gross concrete area for other
deformed bars

(C) 0.0020 times the gross concrete area for smooth
or deformed welded wire reinforcement not
larger than W31 or D31

(D) 0.01 times the gross concrete area

Reinforced Concrete:

1. ACI 318 Sec. 14.3.3 gives the minimum horizontal
reinforcement for nonbearing walls as (a) 0.0020 times
the gross concrete area for deformed no. 5 bars or smaller
and f, > 60,000 psi; (b) 0.0025 times the gross concrete
area for other deformed bars; and (¢) 0.0020 times the
gross concrete area for smooth or deformed welded wire
reinforcement not larger than W31 or D31.

The answer is (C).

PPl @ www.ppi2pass.com

©
e
=
—
(3]
=
1=
e
w




o

w

efavaned aistme® J ¥
glia s

.
vl T ' a8 T Y Ty e

)
i
" g
Al = SR oy - L T,
o - R — . p— - [T S =SSN |
-"_, o " i el A g, L Y il
ke gy ot B 0 O s -] P —
e om d T RESE =iam Tae Tpsmmamnnee ‘
Wil w4 SR W | al) JYTRRS T T
0 F vy 4% N he (lleg  Sepimes | S
[ 15 o gy

i
-




Reinforced Concrete:
Footings

1. The critical sections are a distance, d, from the face

o s eabrm -y 1. For one-way shear (also known as single-action shear
o and wide-beam shear), the critical sections are a dis-

(A) double-action shear tance, d, from the face of the column.

(B) one-way shear The answer is (B).

(C) punching shear

D) two-way shear

®
L
=
=
3]
3
1=
=
7]
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1. A 25 ft long steel beam is loaded uniformly (live) at
4 kips/ft. Loading due to self-weight is negligible, and
there is adequate lateral support provided to the beam.
The required plastic section modulus for a W12 shape
using grade-50 steel is most nearly

(A) 60 in®
(B) 95 in®
(C) 110 in®
(D) 120 in®

2. A W-shaped beam has a warping constant of
3450 in® The moment of inertia about the strong axis
is 45.1 in?, and its elastic section modulus about the
weak axis is 99.1 in®. The effective radius of gyration
of the compression flange is most nearly

(A) 2.0 in

(B) 3.0in

(C) 4.0 in

(D) 5.0 in

3. An I-shaped steel beam is built up with 0.300 in thick
plates. The material's yield strength is 50 ksi. If the
height of the web is 18 in, the available shear strength
is most nearly

(A) 140 kips
(B) 150 kips
(C) 180 kips
(D) 190 kips

Structural Steel: Beams

SOLUTIONS

1. Determine the required moment strength.

wy L2

M,=16M,=1.0

kips
( T) (25 ft)?
= (1.6) 3

= 499 ft-kips

The required plastic moment is equal to the ultimate
moment.

The required plastic section modulus is

oM,
Fe
oF,

i B2
(0.90) (499 ft-k1ps)(l2 ft)
kips
C .
(0.90) (50 2 )

(120 in®)

=119.76 in®

The answer is (D).

2. The effective radius of gyration is

£l "ryctb
82

Tis =

_,[(45.1 in*)(3450 in®)
- \/ (99.1 in?)’

= 1.995 in (2.0 in)

The answer is (A).
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42-2 FE CIVIL PRACTICE PROBLEMS

3. Find the area of the web. Therefore, the available shear strength is

6 Vo= p(0.6F,)dty [ 418 }

! lr ) V/_‘
= 5.58 in? = (0.90) ((O.G} (50 '5395)){5.58 in?)

Determine which shear equation is applicable.

Aw=dty = (h+ 240)1,
= (18 in = (2)(0.300 in) ) (0.300 in)

h 18 in 418
—_— — = G0.0 X
ty 0.300in 18.0 in f klp
418 418 _ 39.1 0.300 in in2
VF \/ 50 ;up; = 148.4 kips (150 kips)
in
a22 522 _ 73.8 The answer is (B).
w0 klps
= 50
g 5 \/ in?
B 418 h 522
o

o —
A s
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1. A steel compression member has a fixed support at
one end and a frictionless ball joint support at the other
as shown. The total applied design load consists of a dead
load of 7 kips (which includes the weight of the member)
and an unspecified live load. Design (not theoretical)
effective lengths are to be used.

Ptolal

fixed wall

frictionless rollers

o
frictionless ball joint—1

steel compression member —|

member properties: /, = 533 in4 10 ft
I, =174int
A =19.1in?
F, = 50 kips/in?
fixed base
AT ds
{built-in}

This compression member is controlled by which type of
buckling?

(A) local
(B) torsional
(C) inelastic
(D) elastic

2. A long column member has one end built-in and the
other end pinned. The column is loaded in compression
evenly until buckling occurs. Which statement about
the column after buckling is true?

(A) The column experiences maximum deflection on
its midpoint.

(B) The maximum deflection point is closer to the
pinned end than the built-in end.

(C) The deflection curve is S-shaped.

(D) The column experiences no deflection under

buckling,.

Structural Steel: Columns

3. A solid steel column with a fixed bottom support and
free upper end is concentrically loaded. Material and
geometric properties are shown.

P

%

l9in
4
B3 Tem
1

column
9ft cross section

F, = 50 kips/in?
E = 29,000 Ibffin?

T TR
The available axial compressive design stress is most
nearly

(A) 13 kips/in?
(B) 18 kips/in?
(C) 29 kips/in®
(D) 39 kips/in®

4. A steel column is built-in at one end and free to
translate and rotate at the other end. The column uses
a 12 ft long W12 x 45 beam. If the yield strength of the
steel is 50 kips/in®, the available design stress in the
column is most nearly

(A) 7.3 kips/in®
(B) 9.0 kips/in®
(C) 9.7 kips/in®
(D) 10 kips/in®
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FE CIVIL PRACTICE PROBLEMS

43-2

SOLUTIONS

1. The effective column length factor for design use
about both the z-axis and yp-axis is 0.80.

The unbraced length of the compression member is the
same about the z-axis and the y-axis.

= y(12 1n
L= L, = (10 ft) (12 ft)
=120 in

The radius of gyration about the z-axis is

e s I, _ /533 in
& A \/ 19.1 in?
= 5.28 in

The slenderness ratio about the z-axis is

K.L, {(0.80)(120 in)
rr  528in

= 18.2

slenderness ratio, =

The radius of gyration about the y-axis is
i g o o S LT
¥ A 19.1 in?
=3.02 in

The slenderness ratio about the y-axis is

K,L, (0.80)(120 in)
ry  3.02in
=318

slenderness ratio, =

The larger slenderness ratio controls, so use 31.8.

The modulus of elasticity, E. is 29,000 kips/in®. The
limiting slenderness ratio is

kips
29 000
sm [ E - 4.71 —,_‘— =1134
Fy 50 Xips
in®

Since 31.8 is less than 113.4, the column fails by inelastic
buckling.

The answer is (C).

2, The built-in end of the column is completely fixed
against rotation and translation. The pinned end of the
column is free to rotate but is fixed against translation.
Therefore, the pinned end of the column experiences
more rotational deflection, and the maximum deflection
point is closer to the pinned end of the column.

The answer is (B).

3. Since the unsupported length of the column is the
same about both the strong and weak axes, the largest
slenderness ratio results from bending about the weak
axis. Therefore, the least radius of gyration applies.

Jrwr.'rtk =14

i \/ woak

(9 in)(6 in)®
12
(9 in)(6 in)

=1.73 in

bh3

The effective length factor, K, is 2.10 for the given
column end support conditions (fixed-free). Therefore,
the slenderness ratio is

slenderness ratio = %’

(2.10)(9 ft)(l? ft)
- 1.73 in
= 13094 (131)

The available column strength for a slenderness ratio of
131 is 13.2 kips/in? (13 kips/in?).

The answer is (A).

4. The yaxis has the smallest radius of gyration. The
radius of gyration about the yaxis is 1.95 in for a
W12 x 45 beam. The effective length factor is 2.10 when
one end is fixed and one end is free. Use these values to
determine the slenderness ratio.

KL

slenderness ratio = —
r

(2.10)(12 ft)(12 %)

1.95 in
= 155.1

Determine the available de51gn stress. The modulus of
clasticity, E, is 29,000 kips/in?.

kips
29,000 <28
471 E 471 -
VE, 50 S5
m

=1134
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STRUCTURAL STEEL: COLUMNS 43-3

The slenderness ratio is greater than 113.4. Therefore,

the elastic buckling stress is
n’E
KIN?
(T)
n? (29,000 kl—pf)
in
155.1
11.90 kips/in?

e =

The available design stress is
Fo=0.877F, = (0.877) (11‘90 51'%5)
mn

= 10.44 kips/in® (10 kips/in?)

The answer is (D).
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44 Structural Steel:
Tension Members

PRACTICE PROBLEMS = _ o 4. An L4 x 4 x ¥/s angle made from A36 steel is used as
. . a tension member as shown. The angle is connected to a
1. A bolted steel tension member is shown. gusset plate with %s in diameter bolts. The center-to-

center bolt spacing is 3 in. The distance from the cen-

3 indi
¢ 0 dinmutor tiolas troid of the area connected to the plane of connection

Fy =36 kipSflnz for g in bolts (t;},le edUeJ, T, iS 113 il’l‘
F, = 58 kips/in? aiin s L
l"_"'l gusset =
Sy -
f % tzl;n plate L4 x4x3/8 = 55
4 — |—-—
Piotal O O i % | 2 g
--(-———<J> |413 in E (=)
| L T i |l 7]
|_t23 in
: ; 5/8 in bolts
\% in thick steel plate i s
43X 4 X 3/
section A-A

What is most nearly the effective net area in tension for
this plate?

(A) 2.3 in2 What is most nearly the shear lag factor?

(B) 2.9 in® (A) 0.72
(C) 3.4 in’ (B) 0.78
(D) 3.8 in’ (C) 0.81

(D) 0.86

2. A steel tension member is 5 in long and '/2 in thick.
There are two holes in the bar. The holes are in parallel
and have a diameter of /4 in each. The net area is most
nearly

(A) 2.0 in?
(B) 2.2 in®
(C) 2.5 in’®
(D) 2.7 in®

3. A W-shape member (yield strength of 36 ksi; ulti-
mate strength of 58 ksi) carries an axial live tensile load
of 420 kips. The member’s flanges are bolted to a con-
nection bracket. The shear lag factor for the connection
is 0.90. The required net area based on the fracture
(rupture) criterion is most nearly

(A) 12 in®
(B) 17 in®
(C) 22 in®
(D) 27 in®

PPI # www.ppi2pass.com




44-2 FE cIVIL PRACTICE PROBLEMS

SOLUTIONS = - T 3. Find the effective net area based on the fracture (rup-
ture) criterion.

1. For fracture, choose the shortest path, which is along

line ABCD, as shown. o, =0.75
4in T, = ¢ﬁ T?i = be.FuA
>
; TJolin (1.6)(420 kips) = (0. 70)( k“?f) Ae
co oE |° 2
o I3*n Ao = 15.45 in?
B(;J o _Pl in
i I The net area is
A
The gross member width is Him VA
4 = Ao _ 1545 in?
by=2.25 in+ 3 in + 2.25 in = 7.5 in v 090

=17.2in* (17 in?)
Calculate the net area.
The answer is (B).

w
—
p=g
=
O
—
c
—
=

An= (by = T (da + )
i e P : 4. The length of the connection for bolted connections
= Q) 0TB o gy ) (B8 1) is the distance between the outer holes.

= 2.94 in®

L=(2)(3in)=6in
For bolted members with flat bars, the shear lag factor,
U, is 1.0. The effective net area is The shear lag factor is

A.= Ud, = (1.0)(2.94 in?)

r=1-2Z
=2.94in? (2.9 in?) e I
_113in
The answer is (C). - 6 in
=0.812 (0.81)

2. The net area excludes area taken up by the holes.
An= (b ‘Z(d‘* +1g in))¢
= (5 in— (2 holes) (0.25 S | in))

hole
X (0.5 in)
=219 in® (2.2 in?)

The answer is (C).

The answer is (B).
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1. A W14 x 120, A992 steel beam has been chosen to
carry an axial live compressive load of 140 kips and a
factored 480 ft-kips live moment about the strong axis.
The unsupported length is 20 ft. Sidesway is permitted
in the direction of bending. K= 1.0. The compressive
strength is 780 kips, and the bending strength is
495 ft kipe. The beam column ic subjected to

(A) small compression and is adequate
(B)

(C) small compression and is inadequate
(D)

large compression and is adequate

large compression and is inadequate

2. A W14 x 132 beam has been chosen to carry an axial
live load of 160 kips and a maximum live moment of
320 ft-kips about the strong axis. The unsupported
length is 32 ft. K =1, C,, = 1, and I,= 1530 in*, Taking
into account the second-order effects, what is most
nearly the required flexural strength?

(A) 340 ft-kips
(B) 380 ft-kips
(C) 420 ft-kips
(D) 460 ft-kips

Structural Steel:
Beam-Columns

1. To determine whether the member is subjected to
small or large compression, find the ratio of compressive
load to compressive strength.

P, 140 kips _
&P, 780 kips

Since P,/ P, < 0.2, the member is subjected to a small
compression. Determine if the member is adequate.

By + M, _ 140 kips | 480 ft-kips
2(¢P,)  OMn: (2)(780 kips) = 495 fi-kips

= 1.06

Since the computed value is greater than 1.0, the mem-
ber is inadequate.

The answer Is (C).

2. Find the Euler buckling load.

, n (29,000 5‘—?)(1530 in?)
s Bl _ m
T (KLY ) in))?
((1)(32 i) (12 ftj)
= 2970 kips

Find the o~z axis flexural magnifier.

__Cn 1
Bl_l_ P, | _ 160 kips
Pa 2970 kips
= 1.057

The required flexural strength is

M, = By M = (1.057)(320 ft-kips)
= 338.2 ft-kips (340 ft-kips)

The answer is (A).
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46

1. The connection shown consists of 11 grade A307
/s in diameter bolts. Bolt hole sizes are standard. The
ultimate strength of the connected member is 58 ksi.
The connected member is 0.5 in thick. The edge clear
distance is 2.5 in, and the center-to-center spacing of the
holes is 3 in.

3in, 3in 3in

P

="
e & o @

—

The available bearing strength per bolt per inch of
thickness in the connection is most nearly

(A) 76 kips/in
(B) 83 kips/in
(C) 91 kips/in
(D) 110 kips/in

2. A connection is made from two %4 in bolts in parallel,
placed on a 8.5 in wide steel bar. The bar is 1 in thick
that has an ultimate strength of 65 ksi. The holes are
3 in from their centers to the side of the bar and 2.25 in
from center to center. Bolt hole sizes are standard. The
bearing resistance of the entire connection is most nearly

(A) 84 kips
(B) 95 kips
(C) 170 kips
(D) 210 kips

Structural Steel:
Connectors

1. Determine the bolt hole diameter,
dy=dy+ 4 in
=lin+%in
=12 in
Determine which clear distance, L., value controls for

the bolts. Obtain the clear distance in between the
interior holes.

Lr‘ =8§— dh
=3in-fin
=24 in < 2} in provided
The smaller value for the clear distance controls. Deter-

mine the available bearing strength.

@ro=@L2LF, <
= (0.75)(1.2)(2 % in )(58 k”’s)

< (0.75)(24) (i )(58 kif’s)
kips
in

$2.4d,F,

klps

= 107.7 <91.35

Since the available bearing strength determined by the
clear distance is larger than the available bearing
strength determined by the bolt size, the smaller value
controls, and the available bearing strength is 91 kips/in.

This value may also be determined using AISC tables
for a center-to-center spacing of 3 in, a connected mem-

ber strength of 58 ksi, and a bolt size of 7/s in.

The answer is (C).

2. Calculate the hole diameter using the bolt diameter
and standard clearance.
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FE CIVIL PRACTICE PROBLEMS

46-2

The center-to-center spacing of the interior holes is 3 in.
Obtain the clear distance between the interior holes.

L.=s—d,
=2.25in—0.8125 in

= 1.4375 in

Determine the clear distance between the hole and the
edge of the steel bar.

d,
L.= & —=
=14 5
o 0.8125 in
=3 in o
= 2.594 in

Use the smaller clear distance. Since each bolt has the
same properties, calculate the available bearing strength
for one bolt.

[ ¢1.2L.F,
r, = min
$2.4d,F,

(0.75)(1.2)(1.435 in) (65 %}

= miny -
_ s . kips
(0.75)(2.4)(0.75 m)(ﬁo _1;1-3_)

84,09 Xips
= min e
_ kips

87.75 —
\ in

= 84.09 kips/in

The available bearing strength is

ORy =Y drat
kip

= (2 bolts) ( 84.09 —2_
(2 bolts) (84 09 o

= 168.2 kips (170 kips)

The answer is (C).

)(1 in)
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1. An interstate weigh station can weigh an average of
20 trucks per hour. Trucks arrive at the average rate of
12 trucks per hour. Performance is described by an
M/ M/1 model. What is most nearly the steady-state
value of the trucks' time spent waiting to be weighed?

(A) 0.13 hr/truck
(B) 0.25 hr/truck
(C) 4.0 hr/truck
(D) 8.0 hr/truck

2. A traffic flow relationship is given by ¢= kv, where ¢
is the traffic volume in veh/hr, % is the traffic density in
veh/mi, and v is the mean speed in mi/hr. The mean
speed on a road in mi/hr is given by the relationship

; 2
¥ = 60 @—(02 o )k

hr " veh-hr
The maximum capacity of overall traffic volume for this
road is most nearly
(A) 3400 veh/hr
(B) 4300 veh/hr
(C) 4500 veh/hr
(D) 5000 veh/hr

8. A highway weigh station can inspect an average of
16 trucks per hour. Trucks arrive at the average rate of
10 trucks per hour. Performance is described by an
M/M/1 model. What is most nearly the steady-state
value of the number of trucks in the station?

(A) 0.16
(B) 0.60
(e 1.7
(D) 2.5

Transportation Planning
and Capacity |

4. Vehicles arrive at a parking garage at an average rate
of 45 vehicles per hour, Vehicles are parked by either of
two attendants at an average rate of one vehicle per
minute for each attendant. The queue discipline is first
come, first served. The arrival of vehicles is modeled as a
Poisson’s distribution and attendant parking time is
modeled as an exponential distribution. What is most
nearly the probability that at least one attendant will be
idle?

(A) 0.34
(B) 0.45
(C) 0.52
(D) 0.80

§. The relationship between traffic density and mean
vehicle speed is shown for a particular road.

mean vehicle speed, v (mi/hr)

1 ] | | 1 | |
10 20 30 40 50 60 |70
66.25

traffic density, k (veh/mi)
What is most nearly the maximum traffic volume for
this rocad?
(A) 760 veh/hr
(B) 880 veh/hr
(C) 900 veh/hr
(D) 960 veh/hr

PPl ¢ www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

47-2

6. A border’s point of entry can weigh an average of
24 trucks per hour. Trucks arrive at the average rate of
15 trucks per hour. Performance is described by an
M/M/1 model. What is most nearly the steady-state
value of the probability that there will be five trucks
being weighed or waiting to be weighed at any time?

(A) 0.010
(B) 0.036
(C) 0.38
(D) 0.63

SOLUTIONS

1. The average time spent waiting to be weighed is

1 1
Tlhps X 20 trucks 12 trucks
hr hr
(0.13 hr/truck)

W

= (1.125 hr/truck

The answer is (A).

2. The mean speed relationship can be substituted into
the traffic flow relationship, resulting in a quadratic
relationship (i.e., a parabolic curve).

A mi_ mi® o
e s k(GO hr (0'2 veh-hr) k)

_ mi\ ,. miZ \,»

- (60 -1"11*)'!b - (0'2 veh-hl‘)’iL

5000

capacity

4000

3000

2000

volume, g (veh/hr)

—
(=]
(=]
(=]

1 1 1 1 1
50 100 150 200 250 300
density, k (veh/mi)

To determine the traffic volume capacity, it is necessary
to find the maximum point on the parabolic curve (i.e.,
the location where the slope of the curve equals 0).

dg _
dk_o

(60 %) k

(g )k’*
veli-hr mi mi?
=a0 B pd S8 Yk
dk = hr (U veh-hr :
=0

mi

o 60 I

04 mi2

veh-hr
= 150 veh/mi

PPl # www.ppi2pass.com




TRANSPORTATION PLANNING AND CAPACITY

47-3

Substituting A= 150 veh/mi into the traffic flow rela-
tionship gives

qz(ﬁo = )k (0.2 ;%)kz
= (60 12 (150 X2)
- (0.2 fhlﬁ) (150 lfilh)z
= 4500 veh/hr
The answer is (C).

3. The average number of trucks in the station is

10 trucks
e A _ - hr =
pu—A . trucks .. truc
% hr 5 hr
=166 (1.7)

The answer is (C).
4. The mean arrival rate of vehicles per minute is

45

A= (1 hr) (60 %} B

0.75 1/min

The service rate per server is ¢ = 1 1/min.

For two servers (s = 2),

L 0T —mlin

p=—=———-"-——=10.375
SH (1 S
()( min)

Next, calculate the probability, Py, of both attendants
being idle (i.e., no units in the system).

1-p 10375

iTp 1087 AR

Py=

Calculate the probability, P;, of one attendant being
idle.

1 1

0.75 =

(2) T L
Plzpuk £ | = (0.4545) | ~— 0L

= (.3409

Finally, add Py and P; to calculate the probability of at
least one idle attendant.

P= Py+ P, =0.4545 + 0.3409
=0.7954 (0.80)
The answer is (D).

5. From the mean vehicle speed versus traffic density
graph, the relationship is linear.

53 mi
v by B —hLH k
hr | gg.o5 222
mi
; 2
=53 % - (0‘8 %) k [velocity in mi/hr]

This expression for speed can be substituted into the
standard relationship for traffic volume.

qg= kv

mi i
= mi _ k
k(53 hr (08 veh—hr) )
_ mi\, mi? \,2
. (53 hr)k (0'8 veh-hr)rc

800
600 -
400 +

volume, g (veh/hr)

200

1 Il Il Il | | 1
10 20 30 40 50 60 70
traffic density, k (veh/mi}

The maximum traffic volume occurs where the slope of
this curve equals 0.

dk dk
mi mi
a— h ( veh-hr)
=0
5322
kmax §g= hI‘2
mi
veh-hr

= 33.125 veh/mi
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FE CIVIL PRACTICE PROBLEMS

47-4

The density is 33.125 veh/mi at maximum traffic

volume.
mi\, mi® \,2
(53 hr);L (0'8 \'eh-hr) .

(53 %J (33.125 ‘n‘—fl‘)

mj? o 16= Veh)?
(0'8 veh-hr) (33'1% mi)

= 878 veh/hr (880 veh/hr)

q

Il

The answer is (B).

=
-
o
-
w
T
(=]
-
=%
)
—
o
3

6. The utilization factor is

15 trucks
hr

A

p===——AL
SH (1)(24 H‘l"‘_'(s)
T

= 0.625

The probability of five trucks being weighed or waiting
to be weighed is

Py=1-p=1-00625=0.375
Ps = Pyp™ = (0.375)(0.625)° = 0.036

The answer is (B).
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1. Boundary and traverse lines bounding an irregular
area are shown.

boundary
I |
341t i | | i
I 21&: 23&; 29“} 3”‘: 23 ft)
! : |  § I ‘
| ! ;' | | |
traverse 30 ft 30 ft 30 ft 30 ft 30 ft
line

The total area between the irregular boundary and the
traverse line is most nearly

(A) 3600 ft*
(B) 3800 ft*
(C) 4000 ft*
(D) 4200 ft?

2. Global positioning system (GPS) latitudes and long-
itudes were taken of a plot of land. In the region where
the plot is located, the length of a degree of latitude is
364,320 ft, and the length of a degree of longitude is
248,160 ft.

N47.3116°
E 122.8163° N47.3118°
B E122.8184°
c
o
o
o
o
=
[fe]
3
-
A -
N 47.3105°
g N47.3104°
E122.8162 E122.8183°

1°E/248,160 ft —>

What is most nearly the area of the plot?
(A) 5.0 ac
(B) 5.1 ac
(C) 5.3 ac
(D) 54 ac

Plane Surveying

3. The illustration shows a curve from 2 = 0 to z = 6,

/TN
\

1 2 3 4 5 6
Using intervals of 1, what is most nearly the area under
the curve predicted by Simpson's /3 rule?
(A) 14
(B) 15
(C) 16

J

(D) 17

4. A polygon is created by enclosing lines as shown.

c
4
B D
3
2
18 .
L F E
\_//
1 G 2 3 4 5 5

Using an interval of 1, what is most nearly the area of
the polygon predicted by the trapezoidal rule?

(A) 15
(B) 16
(C) 17
(D) 18
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FE CIVIL PRACTICE PROBLEMS

48-2

5. Which statement(s) concerning methods used to
determine areas under a curve or line is/are true?

I, The trapezoidal rule applies to areas where the
irregular sides are curved.

II. Simpson’s rule only applies to an odd number of
data points.

III.  The area by coordinates method can be used if
the coordinates of the traverse leg end points are
known.

(A) Tonly
(B) III only
(C) Iand III
(D) L 11, and Il

1. The trapezoidal rule is

a.reaz-w(ﬂl—-%—ﬁﬁ*hg+h3+h4 +h5)
N

B4R +23f o g
= (30 ft) 2

+23ft+29 ft + 31 ft
= 3975 ft> (4000 ft?)
The answer is (C).
2. Use the area by coordinates method to find the area
of the plot.
Xa(Yp—Yp)+Xp(Yc—Ya)
+Xe(Yp—Yg)
+Xp(Y4—Ye)
2
(122.8162°)(47.3116° — 47.3104°)
4+ (122.8163°)(47.3118° — 47.3105°)
+(122.8184°)(47.3104° — 47.3116°)

+ (122.8183°)(47.3105° — 47.3118°)
2

= —2.62 x 107% deg?

area =

Use the lengths per degree of latitude and longitude to
convert the angles to distance.

(~2.62 x 10°° deg?) (248,160 2L) (364,320 L)

area =

2
43560 &
ac

=544 ac (54 ac)
The answer is (D).

3. There is an even number of intervals, so Simpson’s
rule can be used. Use the graph to determine the mea-
surement at each value of z. The starting measurement
isat £ = 0. That is, by = 2.

a 44

A

/
\.-.s
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48-3

PLANE SURVEYING

The area under the curve using Simpson's /3 rule is

n—2 n=1
w(hy +2( 3 .ﬁk) +4( ¥ hk) + )
k=3.3, ... k=24,..

area =

3
(1)(2 +(@E+1)+@)@E+2+2)+ 1)
- 3
=15
The answer is (B).

4, The area of the polygon can be determined by sub-
tracting the area under the bottom line from the area
under the top line.

Since the common interval is 1, there will be seven
height measurements (i.e., n = 7). The height of each
trapezoid can be determined as shown in the figure.

4
4 3.75
35 e o5 |

1h 3/4

The area under the top line is

hi + by

areagp = w( + hg + hyg 4+ hy + hs + hﬁ)

2
= (1) (% + 35444375 +35+3.25)
—21

The area under the bottom line is

areaportom = W (w +hy + hy+ hy + hs + hg)

- egededere)
=4.333

The area of the polygon is

area = al'eamp = areapgttom
=21 —4.333
—16.667 (17)

The answer is (C).

5. The trapezoidal rule is applicable to areas where the
irregular sides are straight or nearly straight. Option I is
false. Simpson’s rule is applicable to areas whose irreg-
ular sides are curved, but applies only to an even num-
ber of points. Option II is false. The area by coordinates
method calculates the traverse area using the coordi-
nates of the leg end points. Option IIT is true.

The answer is (B).
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PRACTICE PROBLEMS

1. A horizontal curve is laid out with the point of curve,
PC, station and the length of long chord, LC, as shown.

sta 10+46 ¥
PCL-—"" y
S~ I=10436"
~ I
Sl P
x\\//

The radius of the curve is most nearly
(A) 520 ft
(B) 560 ft
(C) 620 ft
(D) 670 ft

2. A freeway route has a horizontal curve with a PI at
sta 11+401.86, an intersection angle, I, of 12°24'00" right,

and a radius of 1760 ft. The PC is located at
(A) sta 9+10
(B) sta 9422
(C) sta 10+11
(D) sta 10+24

3. A vertical sag curve has a length of 8 sta and con-
nects a —2.0% grade to a 1.6% vertical grade. The PVI
is located at sta 87--00 and has an elevation of 2438 ft.

. L = 8sta .

| |
PVC PVT

~20% 1.6%

—
PVI = sta 87+00
PVI elevation = 2438 ft

Geometric Design

The elevation of the lowest point on the vertical curve is

most nearly
(A) 2420 £t
(B) 2430 ft
(C) 2440 ft
(D) 2450 ft

4. A 6° curve has forward and back tangents that inter-

sect at sta 14+87.33.

PI at sta 14+87.33

I=11°21"3%"

PT

The station of the point of curve, PC, is most nearly

(A) sta 5+32
(B) sta 9+93
(C) sta 11428
(D) sta 13+92

c
2
&
b
o
Q.
()]
=
o
o
=
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FE CIVIL PRACTICE PROBLEMS

49-2

5. A horizontal curve is laid out with the point of curve,
PC, station and the length of long chord, LC, as shown.

stad+22 y/  \CZZ-
PCL~=—"

The curve radius, R, is 620 ft. With stationing around
the curve, the stationing of the point of tangent, PT, is
most near to

(A) sta 6+20
(B) sta 10+42
(C) sta 14402
(D) sta 14+64

SOLUTIONS

1. The intersection angle, 7, in decimal degrees is

[=104° 30 B0 _ g4 go

min
60 T

The radius of the curve is

B LC 820 ft
T o T L. 104.6°
2s5in 5 2sin 5

= 518,18 ft (520 ft)

The answer is (A).

2. Convert the intersection angle to a decimal value.

[=12° Tm—ﬁ = 12.4°
The tangent length is
. 1
T = Rtan 5

= (1760 ft)tan(lzz'4c)

=191.20 ft

The PC is located at
sta PC=staPI - T
= 1101.86 ft — 191.20 ft
=910 ft (sta 9+10)

The answer is (A).

3. The PVI is located at the curve’s midpoint. The
elevation of the PVC is

Ypyc= Ypvi + g1

b3 | b~

— 2438 ft + (0.02) (8—;@) (100 .Siia)

= 2446 ft

The distance from the PVC to the lowest point on the
curve is

ol
Ty =
g1~ 82
ft
§ (=0.02)(8 sta)(loo %)
~0.02-0.016
— 44444 ft
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GEOMETRIC DESIGN 49-3

Determine the elevation at the lowest point. 5. The intersection angle, I, in decimal degrees is
L g2 — &\ o 18 min o
Y= Ypv (= I o Al L
pve + 17 ( 5L )f I =096+ min 96.3
= 2446 ft + (—0.02)(444.44 ft) deg
& 0.016 — (—0-02 (444.44 ft.)2 The length of curve from PC to PT is
(2)(8 st-a}(lOO ﬁ) 5 RI(lE?O")
= 2441.55 ft (2440 ft)
— (620 ft)(%.?)(%)
The answer is (C). — 104207 ft

4. The radius of the curve is
The stationing of the point of tangent is

R 5729.58 _ 5729.58 ft-deg
=B 6° sta PT = sta PC + L

=054.93 ft =422 ft 4 1042.07 ft
= 1464 ft (sta 14+64)

Convert the intersection angle to a decimal value.

I=11°+ i 1;;111?1 + 35 sec _ The answer is (D),
gy A . SEC min
deg (GU min) (60 cieg)
= 11.36°

o
=
=
il
=
B
-
0

The tangent length is

c
9
=
m
i
t
o
o
)
=
@
t

et et 11.36°
T= Rtan § = (95493 ft)tan( ; )

=94.98 ft

The station of the point of curve, PC, is

sta PC=staPI- T
= 1487.33 ft — 94.98 ft
=1392 ft (sta 13+92)

The answer is (D).
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1. Earthwork quantities for a section of roadway indi-
cate a transition from fill to cut. The following areas are
scaled from the print cross sections. Where there are
transitions between cut and fill, the cut and fill roadway
cross sections are both triangular in shape.

station cut (ft?) fill (ft?)
20400 - 1864.42
20+10.50 - 468.88
20+4-21.50 154.14 103.66
20+28.45 696.75 -
20440 2017.37 -

The total volume of fill required for this section of road
is most nearly

(A) 11,000 f&*
(B) 16,000 ft*
(C) 19,000 ft*
(D) 21,000 ft?

2. Consider the borrow pit grid shown. Existing exca-
vation depths (in feet) are shown for each corner.

2.6 50 ft 3.3

50 ft
2.7

50 ft

2.9 50t 2.7 50f 2.3

50 ft (6)

2.0 1.8
50 ft

The total undercut volume of this borrow pit is most
nearly

(A) 1300 yd®
(B) 1600 yd*
(C) 1900 yd®
(D) 2100 yd*

Earthwork

3. The table represents the areas of cut and fill at each
roadway station along a rural road project.

station cut (f?)  fill (ft?)
10+00 1600 270
2000 0 810
3000 1100 270

The amount of borrow or waste between the stations is
most nearly

(A) 23,000 £t* borrow
(B) 24,000 ft* waste
(C) 25,000 ft? borrow
(D) 27,000 ft* waste

4. Earthwork quantities for a section of roadway indi-
cate a transition from fill to cut. The following areas are
scaled from the print cross sections. Where there are
transitions between cut and fill, the cut and fill roadway
cross sections are both triangular in shape.

station  cut (ft?)  fill {ft?)
10430 - 126.5
10+60 160.7 50.6
10+82 505.0 -

The total volume of cut required for this section of road
is most nearly

(A) 3030 ft®
(B) 4900 ft*
(C) 7200 ft®
(D) 9700 ft?
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FE CIVIL PRACTICE PROBLEMS

50-2

1. Earthwork volumes for fill arcas and cut areas can be
calculated using the average end area formula. Since the
cut and fill areas are triangular in shape, earthwork
volnmes in the transition region from fill to cut can be
calculated from the formula that gives the volume of a
pyramid.

For sta 20400 to sta 20+10.50,
L =10.50 ft -0 ft = 10.50 ft

The fill volume is

Vau=1L (%)

1864.42 ft* + 468,88 ftz)
2

= (10.50 ft)(
= 12,249.83 ft?
For sta 20+10.50 to sta 20+21.50,
L=21.50 ft — 10.50 ft = 11.00 ft
The fill volume is

Vi = L(—Al ; AE)

2 2
= (11.00 £) (468.88 ft 42_ 103.66 ft )

= 3148.97 ft?

Cut is required at sta 204+-21.50, but no cut is required at
sta 20410.50, so a cut-to-fill transition occurs between
these two points. (The cut area could conceivably
decrease to zero at any point before sta 20+421.50, but
a reasonable assumption is that data was given at
sta 20+10.50 for a reason: that is the point where the
cut becomes zero.)

The cut area cross section is triangular at sta 20+21.50,
tapering to zero at sta 20+10.50, so the soil mass is
essentially a triangular-base pyramid on its side, with
the apex at sta 20+10.50. The “height” of this pyramid
is 11.00 ft. Calculate the volume of a pyramid of cut.

T — h(area oSf base)

2
= (11.00 1) (E‘I—gﬂt—)

= 565.18 ft3
For sta 20+21.50 to sta 204-28.45,

L=128.45 ft - 21.50 ft
=6.95 ft

Fill is required at sta 20421.50, but no fill is required at
sta 20+4-28.43, so a fill-to-cut transition occurs between
these two points. The fill area cross section is triangular
at sta 20+21.50, tapering to zero at sta 20+28.45. The
“height” of the pyramid is 6.95 ft. Calculate the volume
of a pyramid of fill.
area of base
rum (s

2
= (6.95 ft) (%)

= 240.15 ft®

The cut volume is

Ay + A4
umi{t)

2 = o2
— (6.95 ft)(154.14 ft ;696.?.3 ft )

= 2956.84 ft?

For sta 20+28.45 to sta 20-+40,

L= 40 ft - 28.45 ft
=11.55 ft

The cut volume is

3 £r.2
= (11.55 ft) (696.?5 ft +22017.37 it )

= 15,674.04 ft*

A table that summarizes earthwork volumes is now
made.

cut area fill area cut volume fill volume
station (£t%) (ft?) (ft%) (£t*)
20400 - 1864.42
- 12,249.83
20+10.50 - 468.88
565.18 3148.97
202150 154.14 103.66
2956.84 240.15
20+28.45 696.75 —
15.674.04 -
20+40 2017.37 -
total 19,196.06 15,638.95

Therefore, the total volume of fill required for this sec-
tion of road is 15,638.95 ft* (16,000 ft*).

The answer is (B).
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EARTHWORK

50-3

2, Calculate the average depth of undercut by summing
the undercut depths at each of the corners and dividing
the total by the number of corners. Calculate the under-
cut volume by multiplying the area by the average
depth of undercut.

The area of each full cell is
(50 ft)(50 ft) = 2500 ft2
The area of each triangular half-cell is

2500 ft*

5 = 1250 ft*

average depth

cell area of undercut volume
number  (ft?) (ft) (ft%)
1 2500 2.95 7375
2 1250 2.90 3625
3 2500 2.88 7200
4 2500 2.60 6500
5 2500 2.00 5000
6 2500 1.93 4825
total 34,525
The total volume is
34,525 ft®
V el =
ft
vd
=1279 yd® (1300 yd®)

The answer is (A).

3. Use the average end area method. 100 ft stations are
used. The cut volumes are

A+ A
V(‘m.ei!u lto2 = L (—1—;—2)

= (100 ft)(

= 80,000 ft?

A+ A
Vvut,stﬂ 2o = & (—%—-—2)

1600 ft? + 0 &?)
2

2 2
— (100 £t) (0 ft +211oo ft )

= 55,000 ft3

The fill volumes are
A+ A
Villsta1to2 = L(;z——g')

2 2
= (100 ft) (E?_th;.__ﬂ)

= 54,000 ft*

+ A
Vista2toa = L (ﬂg——?‘)

2 47 2
— (100 ft) (810 ft ;270 ft )

= 54,000 ft?

Determine the total cut and fill volumes.

cut: V= 80,000 ft3 + 55,000 ft3
= 135,000 ft3
fill: V= 54,000 ft® + 54,000 ft*
= 108,000 ft®
There is 135,000 ft*—108,000 ft*=27,000 ft* more
waste than borrow.
The answer is (D).
4. Earthwork volumes for fill areas and cut areas can be
calculated using the average end area formula. Since the
cut and fill areas are triangular in shape, earthwork
volumes in the transition region from fill to cut can be

calculated from the formula that gives the volume of a
pyramid.

For sta 10430 to sta 10460,
L=60ft-30ft=30"f%

The fill volume is

Van = L(ME)
2
5 2 2
— (30 ft)(126.a ft 2+50.6 ft )

= 2656.5 ft?

Cut is required at sta 10460, but no cut is required at
sta 104-30, so a cut-to-fill transition occurs between these
two points. (The cut area could conceivably decrease to
zero at a point before sta 10460, but a reasonable
assumption is that data was given at sta 10+30 for a
reason: that is the point where the cut becomes zero.)
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50-4

FE CIVIL PRACTICE PROBLEMS

The cut area cross section is triangular at sta 10+60,
tapering to zero at sta 10+30, so the soil mass is essen-
tially a triangular-base pyramid on its side, with the
apex at sta 10430. The height of this pyramid is 30 ft.
Calculate the volume of a pyramid of cut.

Vo = h(area of base)

3
2
— (30 M(ISO.T ft )
3
= 1607.0 ft3

For sta 10460 to sta 10+82,
L=821t—-60ft=22ft

Fill is required at sta 10460, but is not required at
sta 10+82, so a fill-to-cut transition occurs between
these two points. The fill area cross section is trian-
gular at sta 10460, tapering to zero at sta10+82. The
height of the pyramid is 22 ft. Calculate the volume of
a pyramid of fill.

Van=~h (mﬁ)

= (22 ft) (i{l%tﬁ)

= 371.1 ft*

The cut volume is

g At_ -+ Ag
1 cut — L( 2 )
; 2 = w0
- (22 ft)(l.ﬁf].? ft -550:).0 ft )
= 7322.7 ft?

A table that summarizes earthwork volumes is now
made.

cut area fill artea cut volume fill volume
station (ft%) (ft?) (£6%) (£6%)
10430 - 126.5 - 2656.5
10460 160.7 50.6 1607.0 371.1
10+82 505.0 = 7322.7 "
total 8929.7 3027.6

Therefore, the total volume of cut required for this
section of road is 3027.6 ft* (3030 ft3).

The answer is (A).
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1. A Superpave design mixture for a highway with
equivalent single-axle loads (ESALs) < 107 has a nom-
inal maximum aggregate size of 19 mm. The mixture has
been tested and has the following characteristics:

air voids = 4.0%
VMA = 13.2%
VFA = 70%
dust-to-binder ratio = 0.97
at Nj, = 8 gyrations, Gy, = 87.1%
at Npax = 174 gyrations, Gum = 97.5%
Do these characteristics satisfy their corresponding
Superpave requirements?

(A) Yes, all the parameters are within an acceptable
range.

(B) No, the VMA is excessive.
(C) No, the dust-to-binder ratio is too high.
(D) No, Gum at Npax is too high.

2. What is the approximate load equivalency factor
(LEF) for a 32,000 pound tandem-axle truck?

Pavement Design

3. A road leading to a stone quarry is traveled by 40
trucks, with each truck making an average of 10 trips
per day. When fully loaded, each truck consists of a
front single axle transmitting a force of 10,000 Ibf and
two rear tandem axles, each tandem axle transmitting a
force of 20,000 1bf. The load equivalency factor (LEF)
for the front single axle is 0.0877. The load equivalency
factor for each rear tandem axle is 0.1206.

The 18,000 1bf equivalent single-axle load (ESAL) for
the truck traffic on this road for 5 years is most nearly

(A) 0.33 ESALs
(B) 130 ESALs
(C) 48,000 ESALs
(D) 240,000 ESALSs

4. A highway pavement design has the material speci-
fications shown.

layer layer
layer material coefficient  thickness
subbase  sandy gravel 011in™? 12in
base crushed stone 0.14in™"  15in
surface asphalt concrete 0.44 in™" 6 in

What is most nearly the structural number of the
pavement?

(A) 2
(B) 4
(C) 6
(D) 9

PPI ¢ www.ppi2pass.com
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FE CIVIL PRACTICE PROBLEMS

51-2

SOLUTIONS

1. This mixture would be designated as a 19 mm Super-
pave mixture. The limits for such a mixture are

air voids = 4.0%
minimum VMA = 13%
VFA =65-75%
dust-to-binder ratio = 0.6—1.2
at Ny, = 8 gyrations, maximum Gy, = 89%
at Nmax = 174 gyrations, maximum Gy = 98%
All parameters in this mixture are within Superpave
specifications.
The answer is (A).
2. From a load equivalency factor (LEF) table, the load

equivalency factor for a 32,000 pound tandem-axle load
is 0.857 (0.86).

The answer is (B).
3. The total ESALs per truck for each trip is

ESALsyyex = (no. of axles)(LEF)
= (1 single axle)(0.0877)
+ (2 tandem axles)(0.1206)
= 0.3289 ESALs/truck-trip

The total daily ESALs for 40 trucks, each making
10 trips a day, is

ESALsqsy = (40 trucks)( 10 ¥1P8) {0.3080 _ESALs
3 day truck-trip

= 131.56 ESALs/day

For 5 years, the total ESALs is

- yr day

= 240,097 ESALs (240,000 ESALs)

The answer is (D).
4. The structural number is

SN = 53] D; + &'zDg + ﬂ‘.3D3
" / l Il" - l - i
= (0.44 in)_ﬁ in) + (0.14 jn)(la in)

+ (0.11 %)(12 in)

=6.06 (6)

The answer is (C).
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1. What is the design perception-reaction time recom-
mended by the American Association of State Highway
and Transportation Officials (AASHTO) for calculating
stopping sight distance?

(A) 1.0 sec
(B) 1.5 sec
(C) 2.5 sec
(D) 4.0 sec

2. What is the accepted normal limit of peripheral
vision?

(A) 45°
(B) 80°
(C) 160°
(D) 180°

3. What is the maximum light-intensity-contrast ratio
perceptible to the human eye?

(A) 4:1

4. What percentage of roadway fatalities occur in a
work zone annually?

(A) 1%
(B) 2%
(C) 5%
(D) 10%

Traffic Safety

SOLUTION

1. The typical range of reaction times is 1.5-3 sec.
AASHTO recommends a design perception-reaction
time of 2.5 sec.

The answer is (C).
2. The accepted normal limit of peripheral vision is

160°, although some individuals have peripheral vision
up to 180°.

The answer is (C).

3. The maximum light-intensity-contrast ratio discern-
ible to the human eye is 3:1.

The answer is (B).

4. Work zones account for approximately 2% of all
roadway fatalities each year.

The answer is (B).
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1. An activity-on-node diagram for a construction pro-
ject is given. (Activity letters and durations are shown
in each node circle.)

What is most nearly the float time for activity G?
(A) 0 days
(B) 1 day
(C) 6 days
(D) 25 days

2. For which of the following is the Program Evaluation
and Review Technique (PERT) NOT used?

(A} construction projects

(

B) computer programming assignments
(C) preparation of bids and proposals

(D) queueing problems

Construction
Management, Scheduling,
and Estimating

{. Solve this problem using the critical path method
(CPM). There are several paths from the start to the
end of this project. Identify the paths and calculate their
durations.

start-A-E-end:
d =1 day + 2 days = 3 days
start-A-C-D-F-end:
d=1 day+ 7 days + 5 days + 3 days = 16 days
start-A-C-D-G-end:
d =1 day + 7 days + 5 days + 6 days = 19 days
start-B-D-F-end:
d = 4 days + 5 days + 3 days = 12 days
start-B-D-G-end:
d = 4 days + 5 days + 6 days = 15 days

The longest path is start-A-C-D-G-end, so this is the
critical path. Because activity G is along the critical
path, the float time for this activity is 0 days.

The answer is (A).

2. PERT is used to monitor the progress and predict
the completion time for large projects. All of the choices
given except option (D) are activities that have a finite
completion time.

The answer is (D).

PPl ¢ www.ppi2pass.com
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1. Which of the following duties would normally NOT
be a responsibility of the estimating department within
a general contractor’s organization?

(A) obtaining bid documents
(B) securing subcontractor/material quotations
(C) project cost accounting

(D) delivering competitive or negotiated proposals

2. In competitive bidding, when the bids are all opened,
the owner will normally award the contract to the
lowest

(A) available bidder
(B) qualified bidder
(C) responsible bidder
(D) bonded bidder

3. The term “design-build” means the

(A) design firm designs the project and the client
builds it

(B) design firm both designs and builds the project

(C) client designs the project and the contractor
builds it

(D) contractor designs the project and the subcon-
tractors build it

Procurement and Project
Delivery Methods

SOLUTIONS

1. The estimation process does not include tracking
costs or recording actual expenses.

The answer is (C).

2, In open competitive bidding by public and private
owners, the bid will be awarded to the lowest responsi-
ble bidder.

The lowest responsible bidder is the lowest bidder whose
offer best responds in quality, fitness, and capacity to
fulfill the particular requirements of the proposed pro-
ject, and who can fulfill these requirements with the
qualifications needed to complete the job in accordance
with the terms of the contract.

The answer is (C).

3. Design-build is a process where the client interacts
only with a single entity, the “design-builder.” While the
design-builder is usually the general contractor, it can
also be the design firm or a partnership consisting of the
design firm and contractor.

The answer is (B).
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1. An activity is coded as 0793-31 62 13.16 using the
Construction Specifications Institute’s MasterFormat
2012. This coding represents

(A) clearing and grubbing land

(B) demolition of an existing structure
(C) shoring an excavation
(

D) driving a deep foundation pile

2. Which of the following organizations is NOT a con-
tributor to the standard design and construction con-
tract documents developed by the Engineers Joint
Contract Documents Committee (EJCDC)?

(A) National Society of Professional Engineers
(B} Construction Specifications Institute
(C) Associated General Contractors of America

(D) American Institute of Architects

Construction Documents

1. The activity designation is translated as follows.

project 793

level 1 activity category 31
level 2 activity category 62
level 3 activity category 13

In the MasterFormat specifications, level 1 category 31 is
earthwork, level 2 category 62 is driven piles, and level 3
category 13 is concrete piles.

The answer is (D).

2. The Engineers Joint Contract Documents Commit-
tee (EJCDC) consists of the National Society of Profes-
sional Engineers, the American Council of Engineering
Companies (formerly the American Consulting Engi-
neers Council}, the American Society of Civil Engineers,
Construction Specifications Institute, and the Asso-
ciated General Contractors of America. The American
Institute of Architects is not a member, and it has its
own standardized contract documents.

The answer is (D).
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PRACTICE PROBLEMS === =
1. A crane chart for a crane set up to lift a rooftop onto
a 60 ft tall building is shown. The crane's centerline of
rotation is 50 ft away from the building, and a 140 ft
boom is used at an angle of 60°. The crane is not allowed
within 15 ft vertically of the top of the building. What is
most nearly the maximum operating radius from the
centerline of rotation?

40 ft to 150 ft main boom

= ] o S i Y
E T e o

d (ft})
= =t
o O

main boom length {ft)

height above ground (ft

200 180 160 140 120 100 _BD 60 40 20 ¢
radius (ft) rotation

(A) 60 ft
(B) 70 ft
(C) 85 ft
(D) 100 ft

2. What factor is responsible for an increase in produc-
tion rates as a new task is repeated and practiced?

(A) the learning curve
(B) acceleration
(C) phasing

(D) speed enhancement

Construction Operations
and Management

1. Draw the edges of the building on the chart, then
follow the 140 ft boom curve to where it intersects with
the 60° pitch line. Draw a vertical line from this intersec-
tion to the bottom of the chart. Check for vertical spac-
ing requirements between the roof of the building and the
boom of the crane.

The minimum distance from the roof of the building to
the boom is 25 ft, which is greater than the 15 ft required.
Therefore, the maximum operating radius is approxi-
mately 72 ft (70 ft).

40t 10 150 ft main boom
170 :

=) - ] 31'0‘ 80
i 75 7 e o i R 6 L
A
o - 1 (e 40
b i 55 ] ] ol o 130
g =
2 - c
5 £ o
g 3 =
3 2 o
X E =
.§ A § ::
o A 7]
® T{% )j 4 (\ \‘W 5 c
£ s AR o
£ g Pa E
e Ty Ay A — 40 o
40 |- 4
........................ g
30. }
20 max, 3
mi i i operating
] radius
[ L [T R, SR i Y | 3
200 180 160 140 120 100 80
radius (f} rotation

The answer is (B).
2. The learning curve is responsible for the usual
increase in production rates as workers become skilled

at a given task.

The answer is (A).
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Construction Safety

PRACTICE PROBLEMS SOLUTIONS

1. What does the crane hand signal shown mean? ) o I i :
g 1. Hand signals in the crane industry are standardized.

This signal means to lower the boom and raise the load.
If the fingers were not shown (a fist was being made),
the signal would mean to lower the boom only [OSHA
29 CFR 1926.550(a)(4)].

The answer is (D).

2. OSHA does not normally consider an open trench to
be a confined space. Although there are some combina-
tions of base metals and rods that produce toxic fumes
and would require respirators, these are rare in normal
construction work, so welding in a trench would not
normally result in the accumulation of toxic gases or
the need for a respirator. A hard hat is always required

[OSHA 29 CFR 1926.100].

(A) lower the boom
(B) lower the load The answer is (B).
(C) raise the boom and lower the load

(D) lower the boom and raise the load

2. In addition to protective goggles, what personal pro-
tective equipment is required when welding pipe in a
deep trench?

Construction

(A) fall protection harness
(B) hard hat

(C) respirator

(

D) hearing protection

PPl # www.ppi2pass.com
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Computer Software '

1. Which of the following flowcharts does NOT repre- CD

sent a complete program?

1

/

.

(D)

D
Y
L J
e

/7 gﬂ

Y
Y = —
/

L

<
c
o
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=
o
£
o
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B8-2 FE CiIVIL PRACTICE PROBLEMS

2. What flowchart element would be used to represent 5. A structured programming segment contains the fol-
an IF... THEN statement? lowing program segment. What is the value of Y after
the segment is executed?

(A)
B=4
B
(B) Y=3"B~BH
IFY>BTHENY=B-2
IFY<BTHENY=Y+2
X IFY=BTHENY=B+2
(C)
L | © o
(B) 6
(D) (8
(D) 12
6. The structured programming segment shown imple-
ments which of the following equations? The variable N
3. In programming, a recursive function is one that is an integer greater than 0.
(A) calls previously used functions X
(B) generates functional code to replace symbolic A=
code DO UNTILN =0
(C) calls itself Y=AX
(D) compiles itself in real time A=Y
N=N-1
4. Structured programming is to be used to determine : -
whether examinees pass a test. A passing score is 70 or END UNTIL
more out of a possible 100. Which of the following IF (A) Y=X!
statements would set the variable PASSED to 1 (true) .
when the variable SCORE is passing, and set the vari- (B) Y = XM
able PASSED to 0 (false) when the variable SCORE is (C) Y = XM
not passing? i 18 B
Q (D) Y =XV
_g (A) IF SCORE > 70 PASSED =1
= ELSE PASSED =0 7. 11_1 the bstt'ur;tured progra.nnning fragment shown,
= what can line 2 be accurately described as?
o (B) IF SCORE > 69 PASSED =1
- ELSE PASSED =0 1 REAL XY
(C) IF SCORE < 69 PASSED =1 2 X=3
(D) IF SCORE < 69 PASSED =0 3 Y= COSIX)
4 PRINTY

ELSE PASSED=1
(A) an assignment

(B) a command
(C) a declaration
(D) a function

PPl ©# www.ppi2pass.com
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" 8. In a typical spreadsheet program, what cell is
directly below cell AB47?

(A) AB5

9. Which of the following terms is best defined as a
formula or set of steps for solving a particular problem?

(A) program
(B)

(C) firmware
(D) algorithm

software

10. Which of the following is the computer language
that is executed within a computer’s central processing
unit?

(A) MS-DOS

(B) high-level language
(C) assembly language
(D) machine language

11. Which of the following best defines a compiler?

(A) hardware that is used to translate high-level
language to machine code

(B) software that collects and stores executable com-
mands in a program

(C) software that is used to translate high-level lan-
guage into machine code

(D) hardware that collects and stores executable
commands in a program

12. The effect of using recursive functions in a program
is generally 1o

(A) use less code and less memory
(B) use less code and more memory
(C) use more code and less memory

(D) use more code and more memory

13. When can an 8bit system correctly access more
than 128 different integers?

(A) when the integers are in the range of [—255, 0]
(B) when the integers are in the range of [0, 256]
(C) when the integers are in the range of [-128, 128]
(D) when the integers are in the range of [0, 512]

14. What computer operating system (OS) is required
to view a document saved in HTML (hypertext markup
language) format? :

L Apple OS
I1. MS-DOS
III. Windows
IV. Unix
(A) ITor III
(B) I, II, or III

(C) I I, or IV
(D) I, IL, 111, or IV

15. A typical spreadsheet for economic evaluation of
alternatives uses cell F4 to store the percentage value
of inflation rate. The percentage rate is assumed to be
constant throughout the lifetime of the study. What
variable should be used to access that value throughout
the model?

(A) F4
(B) $F4
(C) %F4
(D) $F$4

16. Refer to the following portion of a spreadsheet.

Al Bl e
1| 107 11 12
2| 1 A282

| 3] 2 A362

4| 3 A4r2

(5| 4 | ABA2

The top-to-bottom values in column B will be
(A) 11,1, 2,3, 4
(B) 11,1, 3,6, 10
(C) 11,1,4,9,16
(D) 11,1, 5,12, 22

©
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17. Refer to the following portion of a spreadsheet,

Al B c D
1] 10 11 12 113
S T
o e e
4] 7 : 6 | B4*C®1
5| 8 7 @ B5*DS1
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B8-4 FE CIVIL PRACTICE PROBLEMS

The top-to-bottom values in column C will be
(A) 12, 20, 30, 42, 56
(B) 12, 40, 55, 72, 91
(C) 12, 50, 66, 84, 104
(D) 12, 100, 121, 144, 169

O
o
=
S
2
-
=
5
.

1. A flowchart must begin and end with a terminal
symbol. The symbol at the bottom of answer D is the
“off-page” symbol, which indicates that the flowchart
continues on the next page. This is not a complete
program.

The answer is (D).
2, An IF... THEN statement alters the flow of a pro-
gram based on some criterion that can be evaluated as

true or false. The diamond-shaped symbol is used to
represent a decision.

The answer is (B).

3. A recursive function calls itself.

The answer is (C}.

4. Answer A will not give the correct response when
SCORE =70. Answer C will not set PASSED to 0.
Answer D will not give the correct response when
SCORE=69. Answer B will set PASSED to 1 for

SCORE=70 to 100 and will set PASSED to 0 for
SCORE =0 to 69.

The answer is (B).

5. The first operation changes the value of Y.
Y=3x4-6=86

The first IF statement is satisfied, so the operation is
performed.

Y=4-2=2

However, the program execution does not end here.

The value of Y is then less than B, so the second IF
statement is executed. This statement is satisfied, so the
operation is performed.

Y=242=4

The value of Y is then equal to B, so the third IF
statement is executed. This statement is satisfied, so
the operation is performed.

Y=442=8
The answer is (B).

6. The DO loop will be executed N times. After the first
execution, Y =X? After each subsequent execution of
the loop, Y is multiplied by X. Therefore, the segment
caleulates Y = XN*1,

The answer is (B).

PPl #» www.ppi2pass.com
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COMPUTER SOFTWARE

7. Line 2 is an assignment. A command directs the
computer to take some action, such as PRINT. A
declaration states what type of data a variable will
contain (like REAL) and reserves space for it in mem-
ory. A function performs some specific operation (like
finding the COSine of a number) and returns a value to
the program.

The answer is (A).

8. Spreadsheets generally label a cell by giving its col-
umn and row, in that order. Cell AB4 is in column AB,
row 4. The cell directly below AB4 is in column AB,
row 5, designated as ABB.

The answer is (A).

9. A program is a sequence of instructions that imple-
ments a formula or set of steps but is not a formula or
set of steps. Software and firmware are programs on
media. An algorithm is a formula or set of steps for
solving a particular problem that is often implemented
as a program.

The answer is (D).

10. The central processing unit executes a version of
the program that has been compiled into the machine
language and that is in the form of operations and
operands specific to the machine's coding,.

The answer is (D).

11. A compiler is a program (i.e., software) that con-
verts programs written in higher-level languages to
lower-level languages that the computer can
understand.

The answer is (C).

12. A recursive function calls itself. Since the function
does not need to be coded in multiple places, less code is
used. Each subsequent call of the function must be
carried out in a different location, so more memory is
used.

The answer is (B).

13. An 8-bit system can represent (2)®=256 different
distinct integers. Normally, the 8th bit is used for the
sign, and only 7 bits are used for magnitude, resulting in
a range of [—127, 128] or [—~128, 127] (counting zero as
one of the integers). If all of the integers are known or
assumed to have the same sign, a range of 256 integers is
available. All of the answer choices except A contain
wore than 256 distinet integers.

The answer is (A).

14. HTML may be viewed on any computer with a
compatible browser,

The answer is (D),

;3

15. The dollar sign symbol, “8”, is used in spreadsheets
to “fix” the column and/or row designator following it
when other columns or rows are permitted to vary.

The answer is (D).

16. Except for the first entry (which is 11), column B
calculates the square of the values in column A. The
entries are 11, (1)%, (2)?, (3)% and (4)%

The answer is (C).

17. Except for the first entry (which is 12}, column C is
found by taking the numbers from column B and then
multiplying by the entries in row 1. For example,
B2 * A$1 means to multiply the entry in B2, given as 4
in the problem statement, by the number entered in cell
Al, which is 10. This product is 40.

The entries are 12, 4 x 10, 5 x 11, 6 x 12, 7x 13, or 12,
40, 55, 72, 91.

The answer is (B).

PPl ¢ www.ppl2pass.com

©
c
2
s
3
o
=
o
&




A

1 II- Sk 5 1 i
' .-ﬁ'_ N 5 o m
4 T, ml gy g™
.

B B AT

i rek s 3 N "
m— - i i F]
S AT T g e RN o
B .
- S B L L !

B R (R T S A e

=4
N E LR B
=

13 %
B
B
1
1
-
&
] -

Ly

140 N L

= o o » [ | S |
) LI i n - =0 I
1 R L 1 i A B
I . oh .
= - | A
it = ey - ] = f—
vl ¥ 1

- [N ™ T B [ 1]
. [ . & 1
L] i - i Lk N [

'y T

P v

TRt — TR '|Im’|‘

"#F‘ -I:II-l -_h;l‘nﬂ-lrl.‘

ool iy wm o= R Lk TR

‘#'-h e L q'lvl' Sl
e e e ! ol ol sy e iy e N
A gy W "

| e i
l'- —" -r-—l l—‘-—-'. Lty = @
[ S |-_--_ =l I sl -Hi;‘
T I . | R T g P
i o Pggm wlln il LGN il
11 e Y
nem gal | | Sl Ama L e P |
S e TR G T s
e i Yoot L I e T o
h-_--
. J e el
'|'=‘-|1|" = i R w4
L A i i M L= i S Ll
BL edh e B e ey
A1 R = el -l Tl T g
1
LI e
ER I 1N PSS T ) |I‘H"|LI'J'-'I A
wi il B Sra TN
| i | - 4w
I-l:_"-l |’ l-_ '-r.-ll L = |..:1 N n
R e TR B L B R T
= E il =i=0p- --“--
= = A ey S R =
s . I.-'l g
= n'.'i‘gﬁ'-l'u"'l
¥ R s AR
|
- - -




1. Permanent mineral rights on a parcel of land are
purchased for an initial lump-sum payment of
$100,000. Profits from mining activities are $12,000
each year, and these profits are expected to continue
indefinitely. The interest rate earned on the initial
investment is most nearly

(A) 8.3%
(B) 9.0%
(C) 10%
(D) 12%

2. $1000 is deposited in a savings account that pays 6%
annual interest, and no money is withdrawn for three
years. The account balance after three years is most
nearly

(A) $1120
(B) $1190
(C) $1210
(D) $1280

3. An oil company is planning to install a new 80 mm
pipeline to connect storage tanks to a processing plant
1500 m away. The connection will be needed for the
foreseeable future. An annual interest rate of 8% is
assumed, and annual maintenance and pumping costs
are considered to be paid in their entireties at the end of
the years in which their costs are incurred.

Engineering Economics

4. New 200 mm diameter pipeline is installed over a
distance of 1000 m. Annual maintenance and pumping
costs are considered to be paid in their entireties at the

end of the years in which their costs are incurred. The
pipe has the following costs and properties.

initial cost $1350
annual interest rate 6%

service life 6 yr
salvage value $120
annual maintenance $500
pump cost /hour $2.75
pump operation 2000 hr/yr

What is most nearly the equivalent uniform annual cost

(EUAC) of the pipe?
(A) 85700
(B) $5900
(C) 86100
(D) 86300

5. New 120 mm diameter pipeline is installed over a
distance of 5000 m. Annual maintenance and pumping
costs are considered to be paid in their entireties at the
end of the years in which their costs are incurred. The

initial cost $1500
service life 12 yr
salvage value $200
annual maintenance $400
pump cost/hour $2.50
pump operation 600 hr/yr

pipe has the following costs and properties.

initial cost $2500
annual interest rate 10%
service life 12 yr
salvage value $300
annual maintenance $300
pump cost /hour $1.40
pump operation 600 hr/yr

What is most nearly the equivalent uniform annual cost

(EUAC) of the pipe?

The capitalized cost of running and maintaining the
80 mm pipeline is most nearly

(A) $15,000
(B) $20,000
(C) $24,000
(D) $27,000

\

(A) $1200
(B) $1300
(C) $1400
(D) $1500
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59-2 FE CIVIL PRACTICE PROBLEMS

6. A construction company purchases 100 m of 40 mm
diameter steel cable with an initial cost of $4500. The
annual interest rate is 4%, and annual maintenance
costs are considered to be paid in their entireties at the
end of the years in which their costs are incurred. The
annual maintenance cost of the cable is $200/yr over a
service life of nine years. Using Modified Accelerated
Cost Recovery System (MACRS) depreciation and
assuming a seven year recovery period, the depreciation
allowance for the cable in the first year of operation is
most nearly

(A) $640
(B) 8670
(C) $720
(D) $860

7. A piece of equipment has an initial cost of $5000 in
year 1. The maintenance cost is $300/yr for the total
lifetime of seven years. During years 1-3, the rate of
inflation is 5%, and the effective annual rate of interest
is 9%. The uninflated present worth of the equipment
during year 1 is most nearly

(A) $3200
(B) $3300
(C) $3400
(D) $3500

8. A company is considering buying a computer with
the following costs and interest rate.

initial cost $3900
salvage value $1800
useful life 10 years
annual maintenance $390
interest rate 6%

The eq-uivalent uniform annual cost (EUAC) of the
computer is most nearly

(A) 8740
(B) $780
(C) $820
(D) $850

9. A computer with a useful life of 13 years has the
following costs and interest rate.

initial cost 85500
salvage value $3100
annual maintenance
vears 1-8 $275
vears 9-13 $425
interest rate 6%

The equivalent uniform annual cost (EUAC) of the
computer is most nearly

(A) $730
(B) $780
(C) 8820
(D) $870

10. A computer with an initial cost of $1500 and an
annual maintenance cost of $500/yr is purchased and
kept indefinitely without any change in its annual main-
tenance costs. The interest rate is 4%. The present
worth of all expenditures is most nearly

(A) $12,000
(B) $13,000
(C) $14,000
(D) $15,000

11. A computer with a useful life of 12 years has an
initial cost of $2300 and a salvage value of $350. The
interest rate is 6%. Using the straight line method, the
total depreciation of the computer for the first five vears
is most nearly

(A) $760

(B) $810

(C) $830

(D) $920

12. A computer with a useful life of 12 years has an
initial cost of $3200 and a salvage value of $100. The
interest rate is 10%. Using the Modified Accelerated
Cost Recovery System (MACRS) method of deprecia-
tion and a 10 year recovery period, what is most nearly
the book value of the computer after the second year?

(A) $1900

(B) $2100

(C) $2300

(D) $2400

PPl ¢ www.ppi2pass.com
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ENGINEERING ECONOMICS

13. A computer with a useful life of five years has an
initial cost of $6000. The salvage value is $2300, and the
annual maintenance is $210/yr. The interest rate is 8%.
What is most nearly the present worth of the costs for
the computer?

(A) $5200
(B) $5300
(C) $5600
(D) $5700

14. A company must purchase a machine that will be
used over the next eight years. The purchase price is
$10,000, and the salvage value after eight years is $1000.
The annual insurance cost is 2% of the purchase price,
the electricity cost is $300 per year, and maintenance
and replacement parts cost $100 per year. The effective
annual interest rate is 6%. Neglect taxes. The effective
uniform annual cost (EUAC) of ownership is most
nearly

(A) $1200
(B) $2100
(C) $2200
(D) $2300

15. A company purchases a piece of equipment for
$15,000. After nine years, the salvage value is $900.
The annual insurance cost is 5% of the purchase price,
the electricity cost is $600,yr, and the maintenance and
replacement parts cost is $120/yr. The effective annual
interest rate is 10%. Neglecting taxes, what is most
nearly the present worth of the equipment if it is
expected to save the company $4500 per year?

(A) $2300
(B) $2800
(C) $3200
(D) $3500

1. Use the capitalized cost equation to find the interest
rate earned.

A
N

L Apmﬁt n 312,00‘0
" P $100,000

=0.12 (12%)

P=

The answer is (D).
2. Find the future worth of $1000.
F=P(1+1)" = ($1000)(1 + 0.06)*
= 81191 ($1190)
The answer is (B).

3. The annual cost of running and maintaining the
80 mm pipeline is

A= (315 )(600 hr) + $400 = $1900

Capitalized costs are the present worth of an infinite
cash flow.

_ A _ 81900
i 008
= $23,750 ($24,000)

The answer is (C).

4. The equivalent uniform annual cost (EUAC) is the
uniform annual amount equivalent of all cash flows.
When calculating the EUAC, costs are positive and
income is negative.

EUACSD = Ainitial ;¢ Amnintenmlce
+ Apump = Asa]vugu

= (81350)(A/ P, 6%, 6) + $500

$2.75
+ (?) (2000 hr)

— (8120)(A/F,6%,6)
= ($1350)(0.2034) + $500
+$5500 — ($120)(0.1434)
= $6257 ($6300)

The answer is (D).

PPl ¢ www.ppli2pass.com
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5. The equivalent uniform annual cost (EUAC) is the
uniform annual amount equivalent of all cash flows.
When calculating the EUAC, costs are positive and
income is negative.

EUACIED = -4initiul = Ama.ime.".ance
7 Apuznp = Asn]vage
(82500)(A/P, 10%, 12) + $300

$1.40

— ($300)(A/F, 10%, 12)
= (82500)(0.1468) + $300 + $840

— ($300)(0.0468)
=$1492.96 ($1500)

Il

The answer is (D).

6. The MACRS factor for the first year, given a 7 year
recovery period, is 14.29%.

D, = (factor)C
= (0.1429)($4500)
= $643 ($640)

The answer is (A).

7. If the unadjusted interest rate is used to calculate the
present worth, the answer will be in dollars affected by
three years of inflation. To find the uninflated worth
three years ago, the effect of inflation during those years
must be eliminated from the calculation. To find the
answer in uninflated dollars, determine the interest rate
adjusted for inflation.

— 0.09 + 0.05 + (0.09)(0.05)
= (.1445

Use this adjusted rate in the single payment present
worth equation, substituting d for 4.

P=F(+d)™"
= ($5000)(1 + 0.1445)~3
= $3335 ($3300)

The answer is (B).

8. The equivalent uniform annual cost (EUAC) is the
uniform annual amount equivalent to all cash flows.
When calculating the EUAC, costs are positive and
income is negative.

EUAC = Apitiat + Amsintenance — Asalvage
— ($3900)(A/ P, 6%, 10) + $390
— ($1800)(A/F, 6%, 10)
— (83900)(0.1359) -+ $390
— ($1800)(0.0759)
~ §783 ($780)

The answer is (B).

9. The equivalent uniform annual cost (EUAC) is the
uniform annual amount equivalent to all cash flows.
When calculating the EUAC, costs are positive and
income is negative. An expedient way to find the annual
worth of the maintenance for the computer is to divide
the maintenance costs into two annual series, one of
8275 lasting from year 1 to year 13, and one of $150
(the difference between $425 and $275) lasting from
vear 9 to year 13. Find the future value in year 13 for
each series, add them, and then convert the result back
into a single annual amount.

Feors = A(F/A,6%,13) = ($275)(18.8821)
= $5192.60
Fis0= A(F/A,6%,5) = ($150)(5.6371)
= $845.60
Fnaintenance = Fyars + Fsis0 = $5192.60 + $845.60
= $6038
Asisieune= Finisnine( A1 F,0%,13)
= ($6038)(0.0530)
= $320

Now calculate the EUAC.

EUAC = Ajitiat + Amaintenance — Asatvage
— (85500)(4/ P, 6%, 13) + $320
— (83100)(A/F, 6%, 13)
= ($5500)(0.1130) + $320
— (83100)(0.0530)
=$777 ($780)

The answer is (B).
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10. The expenditures for the computer are the initial
cost of $1500 and the annual maintenance cost of $500.
The annual costs continue indefinitely, so find the pres-
ent worth of an infinite cash flow,

_ A 8500 aros
=2 =357 = 812,500

Plll{til}t{?}}u};tt‘

The present worth of all expenditures is

Ptotnl = Pinjl'uﬂ it Pmmuul = §1500 + $12|500
= $14,000

The answer is (C).

11. With the straight line method, the depreciation is
the same every year. Find the annual depreciation.

. C=8u _ 82300 - 8350 _ o100 oo
2 n 12 -

The total depreciation for five years is
> D5 = (5)(8162.50) = $812.50 ($810)

The answer is (B).

12. Subtract the first two years’ depreciation from the
original cost.

year factor (%) D,
1 10.00 (0.10)($3200) = $320
2 18.00 (0.18)($3200) = 8576
3D, = $896

The book value 1s

BV = initial cost — )_D; = $3200 — $896
=$2304 ($2300)

The answer is (C).
13. Bring all costs and benefits into the present.

Pietal = Pinitial + Proaintenmice = Pralvage
= $6000 + ($210)(P/ 4, 8%, 5)
— (82300)(P/F, 8%, 5)
= $6000 + ($210)(3.9927)
— (82300)(0.6806)
= §5273  ($5300)

The answer is (B).

14. The effective uniform annual cost (EUAC) is the
annual cost equivalent of all costs. When calculating the
EUAC, costs are positive and income is negative. Find
the annual equivalents of all costs and add them
together to get the EUAC.
EUAC = Ciiia(4/ P, 6%, 8)
o Aelectrici‘.y <+ Au;aimenance
s Aimurnnce - SS(A/‘Fv 6%) 8)
= ($10,000)(0.1610) + $300 + $100
+ (0.02)(810,000)
— ($1000)(0.1010)

= $2109 ($2100)

The answer is (B).
15. Add the present worths of all cash flows.

Pum-l = — Uinitial — Aelectricity(P/Av 10%: 9)

— Amaintenance( P/ A, 10%, 9)
= Aisurance (P/ A, 10%, 9)
+ Apeneits(P/ A, 10%, 9)
+ So(P/F,10%, 9)

= —$15,000 — ($600)(5.7590)
— ($120)(5.7590)
— (0.05)($15,000)(5.7590) + ($4500)(5.7590)
+ ($900)(0.4241)

= $2831 ($2800)

The answer is (B).
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Professional Practice

PRACTICE PROBLEMS 5. If a contract does not include the boilerplate clause,
“Time is of the essence,” which of the following is true?

1. What must be proven for damages to be collected
from a strict liability in tort? (A) It is difficult to recover losses for extra hours
billed.

(A) that willful negligence caused an injury
(B) Standard industry time guidelines apply.

(B) that willful or unwillful negligence caused an

injury (C) Damages for delay cannot be claimed.
(C) that the manufacturer knew about a product (D) Workers need not be paid for downtime in the
defect before the product was released project.

(D) none of the above
6. Which statement is true regarding the legality and

Ly T .7
2. A material breach of contract occurs when the enforceability of contractst

(A) contractor uses material not approved by the (A) For a contract to be enforceable, it must be in
contract for use writing.
(B) contractor's material order arrives late (B) A contract to perform illegal activity will still be

enforced by a court.
(C) owner becomes insolvent S :
(D) contractor installs a feature incorrectly (6] A gontrackwnmy ivelide’s pissiiies oder,
(D) Mutual agreement of all parties must be evident.

3. If a contract has a value engineering clause and a

contractor suggests to the owner that a feature or 7. Which option best describes the contractual lines of

method be used to reduce the annual maintenance cost privity between parties in a general construction
of the finished project, what will be the most likely contract?
? . . .
outcome! (A) The consulting engineer will have a contractual
(A) The contractor will be able to share one time in obligation to the owner, but will not have a
the owner’s expected cost savings. contractual obligation with the general contrac-
; ’ tor or the subcontractors.
(B) The contractor will be paid a fixed amount ‘ ’ : _
(specified by the contract) for making a sugges- (B) The consulting engineer will have a contrac-
tion, but only if the suggestion is accepted. tual obligation to the owner and the general
: ; contractor.
(C) The contract amount will be increased by some
amount specified in the contract (C) The consulting engineer will have a contractual
obligation to the owner, general contractor, and

(D) The contractor will receive an annuity payment

: ; Y ; subcontractors.
over some time period specified in the contract.

(D) The consulting engineer will have a contractual
4 A bort s obligation to the general contractor, but will not
»AAOTEIB have a contractual obligation to the owner or

(A) a civil wrong committed against another person subcontractors.
(B) a section of a legal contract

(C) a legal procedure in which complaints are heard in
front of an arbitrator rather than a judge or jury

(D) the breach of a contract
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8. A contract has a value engineering clause that allows
the parties to share in improvements that reduce cost.
The contractor had originally planned to transport con-
crete on-site for a small pour with motorized wheelbar-
rows. On the day of the pour, however, a concrete pump
is available and is used, substantially reducing the con-
tractor’s labor cost for the day. This is an example of

(A) value engineering whose benefit will be shared
by both contractor and owner

(B) efficient methodology whose benefit is to the
contractor only

(C) value engineering whose benefit is to the owner
only

(D) cost reduction whose benefit will be shared by
both contractor and laborers

9. In which of the following fee structures is a specific
sum paid to the engineer for each day spent on the
project?

(A) salary plus

(B) per-diem fee

(C) lump-sum fee

(D) cost plus fixed fee

10. What type of damages is paid when responsibility is
proven but the injury is slight or insignificant?

(A) nominal
(B) liquidated
(C) compensatory

(D) exemplary

SOLUTIONS

1. In order to prove strict liability in tort, it must be
shown that a product defect caused an injury. Negli-
gence need not be proven, nor must the manufacturer
know about the defect before release.

The answer is (D).

2. A material breach of the contract is a significant event
that is grounds for cancelling the contract entirely. Typi-
cal triggering events include failure of the owner to make
payvments, the owner causing delays, the owner declaring
bankruptey. the contractor abandoning the job, or the
contractor getting substantially off schedule.

The answer is (C).

3. Changes to a structure's performance, safety,
appearance, or maintenance that benefit the owner in
the long run will be covered by the value engineering
clause of a contract. Normally, the contracter is able to
share in cost savings in some manner by receiving a
payment or credit to the contract.

The answer is (A).

4. A tort is a civil wrong committed against a person or
his/her property which results in some form of
damages. Torts are normally resolved through lawsuits,

The answer is (A).

5. This clause must be included in order to recover
damages due to delay.

The answer is (C).

6. In order for a contract to be legally binding, it must

e be established for a legal purpose
® contain a mutual agreement by all parties

® have consideration, or an exchange of something of
value (e.g.. a service is provided in exchange for a fee)

e not obligate parties to perform illegal activity

® not be between parties that are mentally incompe-
tent, minors, or do not otherwise have the power to
enter into the contract

A contract does not need to use as its basis or include a
purchase order to be enforceable, Oral contracts may be
legally binding in some instances, depending on the cir-
cumstances and purpose of the contract. Oral contracts
may be difficult to enforce, however, and should not be
used for engineering and construction agreements.

The answer is (D).
7. With a general construction contract, a consulting

engineer will be hired by the owner to develop the design
and contract documents, as well as to assist in the
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preparation of the bid documents and provide contract
administrative services during the construction phase.
The contract documents produced by the engineer will
form the basis of the owner's agreement with the con-
tractor. Although the engineer will work closely with the
contractor during the construction phase, and may work
with subcontractors as well, the engineer will not have a
contractual line of privity with either party.

The answer is (A).

8. The problem gives an example of efficient method-
ology, where the benefit is to the contractor only. It is
not an example of value engineering, as the change
affects the contractor, not the owner. Performance,
safety, appearance, and maintenance are unaffected.

The answer is (B).

9. A specific fee is paid to the engineer for each day on
the job in a per-diem fee structure,

The answer is (B).

10. Nominal damages are awarded for inconsequential
injuries.

The answer is (A).
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Ethics

1. An environmental engineer with five years of experi-
ence reads a story in the daily paper about a proposal
being presented to the city council to construct a new
sewage treatment plant near protected wetlands. Based
on professional experience and the facts presented in the
newspaper, the engineer suspects the plant would be
extremely harmful to the local ecosystem. Which of
the following would be an acceptable course of action?

(A) The engineer should contact appropriate agen-
cies to get more data on the project before mak-
ing a judgment.

(B) The engineer should write an article for the
paper’s editorial page urging the council not to
pass the project.

(C) The engineer should circulate a petition through
the community condemning the project, and
present the petition to the council.

(D) The engineer should do nothing because he
doesn’t have enough experience in the industry
to express a public opinion on the matter.

2. An engineer is consulting for a construction company
that has been receiving bad publicity in the local papers
about its waste-handling practices. Knowing that this
criticism is based on public misperceptions and the
paper’s thirst for controversial stories, the engineer
would like to write an article to be printed in the paper’s
editorial page. What statement best describes the engi-
neer's ethical obligations?

(A) The engineer's relationship with the company
makes it unethical for him to take any public
action on its behalf.

(B) The engineer should request that a local repre-
sentative of the engineering registration board
review the data and write the article in order
that an impartial point of view be presented.

(C) As long as the article is objective and truthful,
and presents all relevant information including
the engineer's professional credentials, ethical
obligations have been satisfied.

(D) The article must be objective and truthful, pre
sent all relevant information including the engi-
neer's professional credentials, and disclose all
details of the engineer’s affiliation with the
company.

3. After making a presentation for an international
project, an engineer is told by a foreign official that his
company will be awarded the contract, but only if it
hires the official’s brother as an advisor to the project.
The engineer sees this as a form of extortion and informs
his boss. His boss tells him that, while it might be illegal
in the United States, it is a customary and legal business
practice in the foreign country. The boss impresses upon
the engineer the importance of getting the project, but
leaves the details up to the engineer. What should the
engineer do?

(A) He should hire the official’'s brother, but insist
that he perform some useful function for his
salary.

(B) He should check with other companies doing
business in the country in question, and if they
routinely hire relatives of government officials to
secure work, then he should do so too.

(C) He should withdraw his company from consid-
eration for the project.

(D) He should inform the government official that
his company will not hire the official’s brother as
a precondition for being awarded the contract,
but invite the brother to submit an application
for employment with the company.

4, If one is aware that a registered engineer willfully
violates a state’s rule of professional conduct, one should

(A) do nothing

(B) report the violation to the state’s engineering
registration board

(C) report the violation to the employer

(D) report the violation to the parties it affects
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8. Which of the following is an ethics violation specifi-
cally included in the NCEES Model Rules?

(A) an engineering professor “moonlighting” as a pri-
vate contractor

(B) an engineer investing money in the stock of the
company for which he/she works

(C) a civil engineer with little electrical experience
signing the plans for an electric generator

(D) none of the above

6. A senior licensed professional engineer with 30 years
of experience in geotechnical engineering is placed in
charge of a multidisciplinary design team consisting of
a structural group, a geotechnical group, and an envi-
ronmental group. In this role, the engineer is responsible
for supervising and coordinating the efforts of the
groups when working on large interconnected projects.
In order to facilitate coordination, designs are prepared
by the groups under the direct supervision of the group
leader, and then they are submitted to her for review
and approval. This arrangement is ethical as long as

(A) the engineer signs and seals each design segment
only after being fully briefed by the appropriate
group leader

(B) the engineer signs and seals only those design
segments pertaining to geotechnical engineering

(C) each design segment is signed and sealed by the
licensed group leader responsible for its
preparation

(D) the engineer signs and seals each design segment
only after it has been reviewed by an indepen-
dent consulting engineer who specializes in the
field in which it pertains

7. The National Society of Professional Engineers’
(NSPE) Code of Ethics addresses competitive bidding.
Which of the following is NOT stipulated?

(A) Engineers and their firms may refuse to bid
competitively on engineering services.

(B) Clients are required to seek competitive bids for
design services.

(C) Federal laws governing procedures for procuring

* engineering services (e.g., competitive bidding)
remain in full force.

(D) Engineers and their societies may actively lobby

for legislation that would prohibit competitive
bidding for design services.

8. You are a city engineer in charge of receiving bids on
behalf of the city council. A contractor’s bid arrives with
two tickets to a professional football game. The bid is
the lowest received. What should you do?

(A) Return the tickets and accept the bid.
(B) Return the tickets and reject the bid.

(C) Discard the tickets and accept the bid.
(D) Discard the tickets and reject the bid.

9. A relatively new engineering firm is considering run-
ning an advertisement for their services in the local
newspaper. An ad agency has supplied them with four
concepts. Of the four ad concepts, which one(s) would
be acceptable from the standpoint of professional ethics?

1. an advertisement contrasting their successes over
the past year with their nearest competitors’
failures

II.  an advertisement offering a free television to any-
one who hires them for work valued at over
$10,000

III.  an advertisement offering to beat the price of any
other engineering firm for the same services

IV. an advertisement that tastefully depicts their
logo against the backdrop of the Golden Gate
Bridge

(A) T and III

(B) I, I, and IV

(C) I, I, and TV

(D) neither I, 11, III, nor IV

10. Complete the sentence: “A professional engineer
who took the licensing examination in mechanical
engineering

(A) may not design in electrical engineering.”

(B) may design in electrical engineering if she feels
competent.”

(C) may design in electrical engineering if she feels
competent and the electrical portion of the
design is insignificant and incidental to the over-
all job.”

(D) may design in electrical engineering if another
engineer checks the electrical engineering work.”

PPl © www.ppi2pass.com




ETHICS

61-3

11. An engineering firm is hired by a developer to pre-
pare plans for a shopping mall. Prior to the final bid
date, several contractors who have received bid docu-
ments and plans contact the engineering firm with
requests for information relating to the project. What
can the engineering firm do?

(A) The firm can supply requested information to
the contractors as long as it does so fairly and
evenly. It cannot favor or discriminate against
any contractor.

(B) The firm should supply information to only
those contractors that it feels could safely and
economically perform the construction services.

(C) The firm cannot reveal facts, data, or informa-
tion relating to the project that might prejudice
a contractor against submitting a bid on the
project.

(D) The firm cannot reveal facts, data, or informa-
tion relating to the project without the consent
of the client as authorized or required by law.

SOLUTIONS

1. The engineer certainly has more experience and
knowledge in the field than the general public or even
the council members who will have to vote on the issue.
Therefore, the engineer is qualified to express his opin-
ion if he wishes to do so. Before the engineer takes any
public position, however, the engineer is obligated to
make sure that all the available information has been
collected.

The answer is (A).

2. It is ethical for the engineer to issue a public state-
ment concerning a company he works for, provided he
makes that relationship clear and provided the state-
ment is truthful and objective.

The answer is (D).

3. Hiring the official's brother as a precondition for
being awarded the contract is a form of extortion.
Depending on the circumstances, however, it may be
legal to do so according to U.S. law. (The Foreign
Corrupt Practices Act of 1977 allows American compa-
nies to pay extortion in some cases.) This practice,
however, is not approved by the NCEES Model Rules:

Registrants shall not offer, give, solicit, or
receive, either directly or indirectly, any commis-
sion or gift, or other valuable consideration in
order to secure work.

The answer is (D).

4. A violation should be reported to the organization
that has promulgated the rule.

The answer is (B).

5. The NCEES Model Rules specifically states that
registrants may not perform work beyond their level of
expertise. The other two examples may be unethical
under some circumstances, but are not specifically for-
bidden by the NCEES code.

The answer is (C).

6. According to the NCEES Model Rules,

Licensees may accept assignments for coordina-
tion of an entire project, provided that each
design segment is signed and sealed by the regis-
trant responsible for preparation of that design
segment.

The answer is (C).

7. Clients are not required to seek competitive bids. In
fact, many engineering societies discourage the use of
bidding to procure design services because it is believed
that competitive bidding results in lower-quality
construction.

The answer is (B).
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8. Registrants should not accept gifts from parties
expecting special consideration, so the tickets cannot
be kept. They also should not be merely discarded, for
several reasons. Inasmuch as the motive of the contrac-
tor is not known with certainty, in the absence of other
bidding rules, the bid may be accepted.

The answer is (A).

9. None of the ads is acceptable from the standpoint of
professional ethics. Concepts [ and II are explicitly pro-
hibited by the NCEES Model Rules. Concept Il
demeans the profession of engineering by placing the
emphasis on price as oppeosed to the quality of services.
Concept IV is a misrepresentation; the picture of the
Golden Gate Bridge in the background might lead some
potential clients to believe that the engineering firm in
question had some role in the design or construction of
that project.

The answer is (D).

10. Although the laws vary from state to state, engi-
neers are usually licensed generically. Engineers are
licensed as “professional engineers.” The scope of their
work is limited only by their competence. In the states
where the license is in a particular engineering disci-
pline. an engineer may “touch upon” another discipline
when the work is insignificant and/or incidental.

The answer Is (C).

11. It is normal for engineers and architects to clarify
the bid documents. However, some information may be
proprietary to the developer. The engineering firm
should only reveal information that has already been
publicly disseminated or approved for release with the
consent of the client.

The answer is (D).
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There are no problems in this book covering the subject
of licensure.
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