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Preface

I am delighted to introduce this Fundamentals of Engineering (FE} Civil Engineering Review
Manual to civil engineering students who want to pass the FE exam smartly with no hardship.
It is well known. that students are not required to receive 100% or near that. Although the
exact passing score is not reported by the National Council of Examiners for Engineering and
Surveying (NCEES) or varies batch to batch, the author believes that the passing score is
between 50% and 70%. Therefore, it is smarter to prepare such that 70-90% questions can
be answered correctly. This book is constructed in a way that such a score.can be achieved
if students properly master this book. In addition, instead of compiling all the theoretical
materials, this book includes more than 800 practice problems. This is done so that students
can practice sufficient problems and learn the effective way of using the NCEES Ref.
Handbook, v. 9.5 to answer the examination questions. '

Few issues found in the first and second editions have been solved. The author is requesting
the readers to report any concern about the book at books.mrislam@gmail.cormn. Any
suggestion to improve this book, or any issue reported, will be fixed in the next edition with
proper acknowledgement.

M. R. Islam

Assistant Professor

Colorado State University ~ Pueblo

Ex - State University of New York (SUNY) — Farmingdale, NY
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How to Use this Book

To obtain the most benefit from this book, please follow the following steps:

Step 1. Manage the following two books. It is better to have a digital copy of the NCEES Ref.
Handbook, v. 8.5.

Current Book " NCEES FE Ref. Handbook

Step 2. Read this book chapter by chapter and practice the solved problems. While
doing so, always keep the NCEES FE Ref. Handbook, version 9.5 at your computer
for any reference.

Step 3. Try to get accustomed to navigate to any material you need. It is not a good
idea to use printed copy the NCEES Ref. Handbook, as you will be using an electronic
copy during the actual exam.

Step 4. While practicing problems, use any of the NCEES recommended calculators.

Step 5. Try some samples exams before the NCEES test. One:is recominended at the
back of this book.
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1 UNITS

This chapter is very important in the sense that a unit is involved in most of the engineering
problems. The NCEES FE Ref. Handbook starts with this topic. The NCEES FE exam andthe NCEES
FE Ref. Handbook use both the metric system and the U.S. Customary System (USCS) units.
Therefore, knowledge on both units and conversion factors between them is essential for the
NCEES FE exam. Read this chapter from the NCEES FE Ref. Handbook. You do not need to
memorize the units or unit conversion factors. However; make sure you know which informaticn
is available and at which page it is available. Some important materials are presented in Tables 1.1

to 1.4.

Table 1.1, Some Quantities, Prefix, Symbols, and Symbol

101 atto a .

10415 famto £ 1 gallc‘m of water we1ghs‘ 8341b

1012 pico P 1 cub‘lc ‘fo_ot of water welghfs 62.41b

10 nano n 1 cubic inch of mercury weighs 0491 1b

104 micro u The mass of 1 cubic meter of water is 1,000 kg

16+ milli m 1 mg/L is 8.34 Ibf/Mpgal

102 centi C

10+ deci d

ihiy deka da.

102 hecio h

108 kilo. k °F = 1.8(°C} + 32

106 mega M. °G=("T-32)/1.8

107 giga G °R = °F 4+ 459.69

1012 tera T K =°C + 273.15

10 peta P

108 exd E Celsius and Fahrenheit units are particularly important
Problem 1.1
108 Pa=?

A. 1GPa .1kPa C.1lyuPa D.1MPa
Solution: D
106 Pa =1 MPa

1-1
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Problem 1.2

20°C=?
A. 86°F B.58°F

Solution: D

C.78°F D. 68 °F

°F=18(°C)+32=1.8(20) +32 = 68 °F

Table 1.2. Relationship between US Units and Metric Units

US Units Metzic Units US Units Metric Units
1lb= 454 gm I hectare = 10% m?
11b= 4.448 N 1 hectare = 2.47 acres
1fr= 0.3048 1 psi = 6.89 kPa

1 mile = 5280 ft g=232.2 ft/s> g=9.81 m/s?

1inch = 254 mm Yw = 62.4 pcf Yo = 9.81 kN/m3

Table 1.3. Some Other Popular Quantities

1fi?= 7.48 gallon 1 liter = 61.02 in3

I gallon = 3.785 liter 1 liter = 102 m3

1ton = 1000 kg 1 bar = 10°Pa

1 ton = 2000 Ib 1 bar = 0.987 atm

1 liter = 61.02 in? 1hp= 746 watt
Table 1.4, Some Common Berived Units

Parameters Unit Derivation Derived Unit

Force N F=ma kg.m/s?

Work J W=Fs kg.m¥/s?

Power watt P=W/t kg.m?/s®
Problem 1.3

The unit of force is —

kg.m?/s®
kg.m/s?
J

watt

onw >

Solution: B

@seismicisolation
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Problem 1.4

45 miles per hour =7

A. 66 fps
B. 60 fps
C. 45fps
D. None of the above

Solution: A

45 %Ez | mi’__66 - 66 fps
' (1hr][3,600 S}TC] 5

r
Problem 1.5

45 gallons per hour =7

7.4x10% m¥/s
7.4x10° Lfs
4.7x10> m%s
None of the above

onwp

Solution: C

1 3
45gal(3.785 —- i ) (1 0 lntl) . 3
gal _ gal "\ o) _ o 0a7x10° M 47510 ™

b (1 hr)[3, 600 Sec] 8 5

45

Problem 1.6
The unit of work is -

. kg.m?/s
kg.m/s?
]

watt

SEoR

Solution: C

Problem 1.7

1 meter =7
A, 36.361n B.1.094 ft C.3281 f D. Nene of the above
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Solution: C

Problem 1.8

1 liter = ?

A. 61in B. 0.264 gal C. 10 m?

Solution: D
Problem 1.9
1psi=?
A. 6.895Pa B.2.307 ft of water ~ C. 2.036 ft of Hg
Solution: B
Problem 1.10
1 acre =7
A. 43,560 sft B.5,280 ft C. 46,530 sft
Solution: A

Problem 1.11.

D. All of the above

D, None of the above

D. None of the above

A pump can extract 10 liters of water per second. The correct expression of it is most nearly:

21.19 fi¥/min
0.6 m¥%min
36,614 in3/min

. All of the above

e

Solution: D

11/8=2.119 ft*/min; 1 L= 10* m?% 1 L = 61.02 in%; 1 min = 60 sec

The exam appointment tiine is 6 hours long and inclides the following:
a2} A nondiselpsure agreement (2 minutes)
b)  Tutordal (8 minates})
¢} The exam (5 hours and 20 minntes)
d) A scheduled break (25 miinutes)
Visir htepw/ncees.org/engingering/fe/ for more information.

@seismicisolation
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2 ETHICS

Fundamentals of Engineering (FE} CIVIL Exam Specification mentions, 4-6 questions may appear
in the exam based on Ethics and Professional Practice as follows:

Codes of ethics (professional and technical societies)

Professional liability

Licensure

Sustainability and sustainable design

Professional skills (e.g., public policy; management, and business}
Contracts and contract law

HEYOR

NCEES FE Ref Handbook, Ethics Section, mentions the importance of ethical practice in
engineering, the three major sections of the Model rules, and so on. The three major sections of the
Model Rules addressed are as follows:

(1) Licensee's Obligation o the Public,
(2) Licensee's Obligation to Employers and Clients, and.
(3) Licensee's Obligation to Other Licensees.

Please read the NCEES FE Ref. Handbook, Ethics Section, carefully and practice the following
problems,

Problem 2.1

Which code does give immediate and mechanical answers to all ethical and professional problems
that an engineer may face?

NCEES Ethics Code
NSPE Ethics Code
Federal Code

None of the Above

00w >

Solution: D
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No code gives immediate and mechanical answers to all ethical and professional problems
that an engineer may face.

Problem 2.2

Given a licensing board requires 4 years of professional experience. A candidate has 3 years and 6
months of professional experience. Can the candidate mention that he has 4 years of experience as
it may take 6 months to process the application?

A. Yes, as it is almost 4 years

B. Yes, if the candidate thinks it is safe

C.. No, it is against Licensee's Obligation to the Public
D. No, it is not ethical

Solution: C

It is against Licensee's Obligation to the Public. The ninth point of Licensee's Obligation to
the Public says, “Licensees shall not knowingly provide false or incomplete information
regarding an applicant in obtaining licensure.”

Problem 2.3

A professional engineer is in charge of a construction project. The local political leader advises him
to hire his recommended person. That recommended person has the minimum amount of
credentials. In that case, what should the engineer do?

Hire that person as he has the minimum qualifications
Should not hire that person as he is a political person.
Hire that person if the engineer’s employer agrees
Nothing, it is not ethical

CSOFpE

Solation: C

The responsible engineer can hire that person if the engineer’s employer agrees. There is
no obligation that a political person cannot be hired ethically. As that person has the
minimum qualification, the company may hire him.

Problem 2.4

‘Two professional engineers are working with two different projects which are not connected. The
first engineer found anyway that the second engineer's work is believed to contain a material
discrepancy, error, or omission that may impact the health, safety, or welfare of the public. In that
situation the first engineer should —
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Un >

do nothing, as he is not responsible for that project

do nothing, as he is not the supervisor

let the second engineer’s supervisor know what is happening
let the second engirieer aware first what is happening

Solution: D

The 4% point of ‘Licensee’s Obligation to Other Licensees’ says “Licensees shall make a
reasonable effort to inform another licensee whose work is believed to contain a material
discrepancy, error, or omission that may impact the health, safety, or welfare of the public,
unless such reporting is legally prohibited.” Therefore, the 4® option should be the answer.
The first two options cannot be the answer. The third option can be adopted if the second
engineer does not respect the warning of the 1+ engineer.

Problem 2.5

Which of the following statements should not be a conflict of interest?

A.

B.

C.

D.

A professional engineer in civil engineering signs a major design document in mechanical
engineering

One of the senior employees of a firm, which.is competing for a bid, is hired as a board
meimber of the awarding board

The owner of a highway company. is nominated the head of the board which awards
highway projects

‘Working in an engineering firm without professional engineering license

Solution: D

‘Working in an engineering firm without. professional engineering license should not be

unethical. However, he/she should not sign the design document.

Problem 2.6

For which of the following conditions can a professional engineer with expertise in geotechnical

engineering sign designs in water resource engineering?

A.

If the professional engineer took a course in water resource engineering during his college
education

If the professional engineer attends all the meetings during the design process

If the professional engineer is told that the water resource part of the design is not risky to
public anyway

If the professional engineer is knowledgeable on that particular water resource part by
anyway

['don’t know it

@seismicisolation 3
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Solution: D

If the professional engineer is knowledgeable and competent in that particular water
resource; he can sign that part.

Problem 2.7

A design document has two parts: geotechnical and structural. A licensed civil engineer with
expertise in geotechnical engineering is in charge of the design and a structural engineer is supposed
to look after the structural engineering portion. For this design, which of the following conditions,
is ethical?

A, The geotechnical engineer can sign the design document if both of them worked together
during the whole design process

B. The geotechnical engineer can sign the design document as both geotechnical and
structural engineering are part of civil engineering

C. Geotechnical engineer can sign the geotechnical part and structural engineer can sign the

structural engineering part
D. A third engineer is required to sign the document

Solution: C

If the geotechnical engineer is competent in structural part as well, then he can sign both
parts. Otherwise, each of them should sign their own part.

Problem 2.8

‘Which of the following statements is not a reason of setting up ethical standards?
Ethical practice is safe for public

Ethical practice gives public a confidence in engineering works

Guidelines help engineers work smoothly without hesitation
Ethical practice helps reduce police actions

OO

Solution: D

The fixst three statements are obviously true for setting up ethical standards. Although
ethical practice reduces police action, it-is not the reason for setting up ethical standards.

Problem 2.9
Which of the following is not a profession?

A. Financial consultant ‘B, Law practicing C. Politics D. Engineering

. .. . 2.4
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‘Solution: C

Medical practicing, law practicing, engineering, teaching, financial consultant etc. are
obviously professions.

Problem 2.10
Ethics are —

rules set by the law enforcing agency

standard rules or moral codes set by a professional society

rules and regulation set by the government which must be followed by all
codes to maintain balance and peace in society and protection to its citizens

=S

Solution: B

Fthics are moral codes or guidelines every person is expected to follow in a professional
society. They come from people's moral sense and are not as strict as laws. If not followed,
there may not be any punishment immediately. However, after a certain level of
disobedience, a cancellation of licensure or other penalty may be imposed.

Problem 2.11
As an engineer, when you are asked to testify as an expert, your testimony should be based on-

What your client's lawyer has recommended

Only the points asked by the judge

Objective and well-founded observations

Only those points that you believe need to be revealed

SOow e

Solution: C
Problem 2.12

A structural engineer working for a design firm has decided to move to another company few
months before he leaves. The engineer —

should discuss his plans with his current employer

-may share with other employees.

should immediately quit.

should return all of the pens, pencils, pads of paper, and other equipment he had brought
home over the years

CnoE>

Solution: A
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Problem 2.13

Licensees who have knowledge or reason to believe that any person or firm has violated any rniles
-or laws applying to the practice of engineering or surveying -

shall report it to the board

may report it to appropriate legal authorities

shall cooperate with the board and those authorities as may be requested
All of the above

S OW e

Solution: ID
Rule #8 of the Licensee's Obligation tothe Public

Problem 2.14

Licensees shall notify their employer or client, and such other authorities as may be appropriate,
when their professional judgment is overruled under circumstances in which -

the health of the public is endangered
safety of the public is endangered
welfare of the public is endangered
all of the above

oowp

Solution: D
Rule #3 of the Licensee's Obligation to the Public
Problem 2.15

Licensees shall not reveal facts, data, or information obtained in a professional capacity without the
prior consent of the -

client on'which they serve, except as authorized or required by law or rules
employer on which they serve, except as authorized or required by law or rules
public body on which they serve, except as authorized or required by law or rules
All of the above

OO®EE

Solution: D

Rule #4 of the Licensee's Obligation to Employer and Clients

2-6
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Problem 2,16

Which of the following statements is not true about profession?

Professions are based on a large knowledge requiring extensive training
Professions are self-regulating; they control the training and evaluation processes
Professionals have autonomy in the workplace

comp

Professionals are expected to utilize their dependent judgment in their professional
responsibilities

Solution: D

NCEES FE Ref. Handbook, the first three statements are obviously true. The 4t one will be
“... independent judgment in carrying out their professional responsibilities.”

Problem 2.17
‘Which of the following statements is not trie about engineers?

A. The expertise possessed by engineers is vitally important to societal welfare

B. Engineers must maintain some level of technical competence

C. High level of technical expertise without adherence to ethical guidelines is as much a threat
to public welfare as is professional incompetence

D. Engineers must also be guided by ethical principles

Solution: B
NCEES FE Ref. Handbook: The second option should be “engineers must maintain a high
level of technical competence.” Although, the term ‘some’ in place of ‘high’ may be
acceptable, however, the NCEES FE Ref. Handbook uses ‘high’. The other three options are
‘good with the NCEES FE Ref. Handbook.
Problems 2.18
Engineering licensees have an obligation to —
A. Public
B.. Employers and Clients
C. Other Licensees
D

. All of the above

Solution: D
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NCEES FE Ref. Handbook: Engineering Licensees have obligation to the public, his/her
employers, his/her clients, and other licensees as well.

Problem 2.19

Which of the following statements is not true?

A. Registration offers protection from misuse by unauthorized groups
B. A patent grants legally protected rights to the owner of the item being patented
C. Copyrights apply to original literary, dramatic, musical, or artistic works
D. Patents protect the appearance of new products
Solution: D
NCEES FE Ref. Handbook: The first statements are true, The 4* one will be - Industrial
design rights protect the appearance of new products. This includes shapes, colors, and any
other visual features.
Problem 2.20

To be eligible for patent, the item need not be -

New
Useful
Inventive
Surprising

Dow

Solution: D

NCEES FE Ref. Handbook: To be eligible for patent, the item must be new, useful, and
inventive.

Problem 2.21.

Why shall the rules of professional conduct be. binding upon every licensee and on all firms
authorized to offer or perform engineering or surveying services?

To safeguard the health, safety, and welfare of the public
To maintain integrity and high standards of skill

To practice in the engineering and surveying proféessions
All the above

Onwp

Solution: D
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NCEES FE Ref. Handbook: “To safeguard the health, safety, and welfare of the public and
to maintain integrity and high standards of skill and practice in the engineering and
surveying professions, the rules of professional conduct provided shall be binding upon
every licensee and on all firms authorized to offer or perform engineering or surveying
services.”

Problem 2.22

Which of the following is not the Licensee’s Obligation to the Public?

A.

Licensees shall inelude all relevant and pertinent information in an objective and truthful
manner

Licensees shall not partner, practice, or offer to practice with any frandulent or dishonest
business

Licensees shatl make a reasonable effort to inform another dishonest licensee

Licensees shall not provide an applicant incomplete information in obtaining licensure

Solution: C

NCEES FE Ref. Handbook: The third statement (option C) is the Licensee’s Obligation to
Other Licensees. The other three statements are Licensee's Obligation to the Public.

Problem 2.23

‘Which of the following is not the Licensee's Obligation to Employer and Clients?

A.

B.

Licensees shall not reveal facts, data, or information obtained in a professional capacity
without the prior consent of the client

Licensees shall sign and seal only those surveys that conform to accepted surveying
standards .

Licensees shall not affix their signatures or seals to any plans or documents dealing with
subject matter-in which they lack competence

Licensees shall not solicit or accept a professional contract from a governmental body on
which a principal or officer of their organization serves as a member

Solution: B

NCEES FE Ref. Handbook: The staternent {(Option B) is the Licensee's Obligation to the
Public. The other three statements are the Licensee's Obligation to Employer and Clients.
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Problem 2.24

A professional engineer worked to collect the feasibility data on a proposed water treatment plant.
He completed the collection and officially submitted it to the employer. A third party, who is niot
involved in that project, is asking for the data to that engineer. The engineer may reveal the data —

with the prior consent of the employer
if authorized by the law

if required by law

All of the above

UOw e

Solution: D

NCEES FE Ref. Handbook: 4 item of the Licensee's Obligation to Employer and Clients -
Licensees shall not reveal facts, data, or information obtained in a professional capacity
without the prior consent of the client, employer, or public body on which they serve
except as authorized or required by law or rules.

“The NCEES F'E Reference Handhaok is the only reference material that can be nsed during the exam. You will be provided with an
electronic reference handbook during the exam, For access pripr to your exam, you may efther purchase a hard copy or downlosd a free
clectronic copy. Register or log in o MyNCEES te downlvad your free copy of the FE Reference Handbook.” Visit

htrp:/{ncees.org/enginesring/ie! for more information.
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3 MATHEMATICS

Fundamentals of Engineering (IE) CIVIL Exam Specification mentions, 7-11 questions may
appear in the exam based on Mathematics as follows:

A. Analytic geometry
B. Calculus

C. Roots of equations
D). Vector analysis

It is important to remind the students again that the NCEES FE Ref. Handbook is to be used by
students of all engineering disciplines. Therefore, the NCEES FE Ref. Guide is written considering
all disciplines’ students. The topics which are important for Civil Engineers are discussed in this
review manual.

Straight Line

The general form of a straight-line equation is expressed as Ax + By + €'= 0. It is also written in
the slope-intercept form as y = mx + c.

A —
m=slope = N _NTh
C Ax Xy X
- L
If the straight-line passes through (x:, y2) and (xz, y2), then:
Ay ¥ -

The point-slope form is y — ¥, = m(x — x;}, where slope, m = e ia—

. .. . 3-1
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: . : | My —m
The angle between two lines with slopes m, and m, is, @ =tan 1[—m2--~—-—1~:|

1+ mm,
Two lines are perpendicular if m, =~ 1
m,

Twao lines are parallel if  m, =m,

The distance between two points A(x,, ,) and B A(x,, ) is d = \/ (x 4T Xy )2 + (y = Vg )2

In a three-dimensional space, the distance between two points A(x,, y,, z,), and B(x,, y,, z,} is
: - o 5
d= \[(x/f ~x, ) v ) + (2~ z,)

Problem 3.1

A straight line passes through the points, (2, 3) and (6, 7). The equation of the line is most nearly:

4 . \
A, y:§x+5 B.x—y+1=0 C.x+y+1=0 D.x-y-1=0
Solution: B
Slope of the line, m= Y =173 .4 _
Ax 6-2 4
Therefore, the equation of the line is ¥ —), =m(x—x,)

= y—3=1(x-2)
= x—y+1=0

Alternative: you can plugin the points on each equation and check.
4
For example, plugging (2, 3) in option (A): 3 =3 (2)+5 ; Not Good

plugging (2, 3) in-option (B): 2-3 + 1 = 0; Good, (B) may be the answer.
plugging (6, 7) in option (B): 6 — 7 +1 = 0; Good, (B) is the answer.

You can check options (C) and (D) if you can manage time during the exam.
Problem 3.2

If the straight lines, 3x- 4y + 1 =0 and &x+ 3y + 5 = 0, are parallel to each other, then the value of
‘K is most nearly:

A. 3/5 B. -9/4 C. % D.2/5

Solution: B

. .. . 3-2
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Equation of the 1+ line, Equation of the 2 line,

3x-4y+1=0 kx+3y+5=0
> 4y=-3x-1 = 3y=-kx-5
= y=3/4x+ 1/4 = y=-k3x-5/3
Slope of the first line, m, = % Slope of the first line, m,= -&/3

To be parallel, m, = m,

= -i/3=3/4
& k=-9/4

Quadratic Equation

The general form of quadratic equation is a¥’ + bx +¢=0

~bt~b" ~4ac
2a
Sometimes, the quadratic equation can be solved if it can be written as

The roots of this equation, x =

X+ 2xa+a’=0, then (x + 3)*=0 or
x-2xa3+ #=0,then (x - 38°=0

Problem 3.3
The intersection point on the x-axis of the equation, y= x*- 6x+9is
[write the x-coordinate in integer such as 12, or -6,-etc.; not 3.5 or -7.3, etc.]
Solution: 3

Intersecting x-axis means, y=0

Z-6x+9=0

= ¥-3x-3x+9=0

= (x-3)(x-3)=0

= X= 3

Problem 3.4

Two straight lines 3x + 4y + 7 = 0 and 6x+ y+ 7 = 0 intersect. The intersection point is most
nearly:

A, (-1,-1D B.(1,1) C. (-1, D.(1,-1)
Solution: A
3x+4y+7=0 {1)
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6x+y+7=0 (if)
Multiplying Eq. (i) by 2 and then subtracting from Eq. (ii) gives-

6x+y+7=0 (ii)

6x+8y+14=0 {Dx(2)

After the subtraction, -7y -7 =0; => y=-1

From Eq. (i), 3x+4(-1) + 7= 0; => x=-1
Problem 3.5

The solution of the following systems of equations is most nearly:

2x+3y+10=0
-3x+y—15=0

A. {-5,5) B. (-5, 0) C. (0, -5) D. (5, :5)
Sclution: B

For this type of problem, it is easier to solve by placing the options into the equations and
check.

For example, place the first option (-5, 5) into the equations and see-

First eq., 2(-5) + 3'(5) + 10 = 0, so option (A) is not the solution.

Now, check option (B):

First Equation: 2(-5) + 3(0) + 10 = (; okay

Second Equation: ~3(-5) + 0 -15 = 0; okay

Therefore, Option (B) is the answer. You can check the 3~ and the 4% options if you get
time during the exam.

Alternative Solution:
2x+3y+10=0 i)
-Bx+y-15=0 (it}
After multiplying Eq. (ii) with 3 then subtracting it from Eq. (i), we get,
11x+55=0
= x=-5
From Eq. (1},
2(-5) +3y+10=0
= y=0
Logarithms

The logarithm of xto the Base &is defined by log, (x} = ¢, where & = x
Special definitions for b= eor 5="10 are:

In x;, Base =¢

log x; Base =10

. .. . 3-4
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log,

To change from one Base to another: log; =

log”
1 X
e.g. Inx=—21 =2 302585log,
log),
Some Identities
log,bn=n
log x= clog x x°= antilog (clog x)
log xy=log x+log y
loge b= 1;log1=0
log x/y = log x—log y
Problem 3.6
In(x) is most nearly:
A. log(x) B. 2.303 log(x) C. 2.303 In(x) D. None of the above
Solution: B
Complex numbers

Complex numbers may be designated in rectangular form or polar form. In rectangular form, a
complex number is written in terms of its real and imaginary components.

z=a+ jb, where
a = the real component, b= the imaginary component, and
J=+—"1 (some disciplines use i1=v—1)

Inpolar form z=c. 8

where:
¢ =~Ja” +b* = absolute value or modulus of the complex number
8 = tan! (&/3) = Argument of the complex number
a=ccos@,and b= csin 8

‘Polar Coordinate System

Cartesian coordinate system uses {x, ) system. The polar coordinate system uses (z, £). The
relationship between them is shown below:
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¥V A
X=reosf
F = 7 g
N ) y=rsn
o : : =
8 . :' r=4x*+y°
by 1
Il . i B y
N ~g O=tan"'| =
b > ¥ [x]
X'—‘I’-CGS‘.SM

Problem 3.7

The polar coordinate (r, 6} of a point is (2, #/3). The Cartesian coordinate (x, y) is most nearly:

A 1,2 B.v2,3 C.v2,3 D.1,v3
Solution: D
x=rcos@=2cos (m/3)=1 ; y =rsin =2 sin (1/3) = V3
Problem 3.8

The Cartesian coordinate (x, y) of a point.is (-3, V3). The polar coordinate {7, 6) of the point is
most nearly:

A. N3, 54/6 B. 2v3, 37/6 C. V2, /6 D. 2v3, n/2

Solution: A

r= Ty =(C3F + (5] -243
y 31 -1
tan&:f:zzm => 0 =tan [mﬁ)m%—

Therefore, (z, & = (2v3, 51/6)

Problein 3.9

The polar form of an equation is 7 = 6cos 6~ 2sin 8. The Cartesian form of the equation is. most
nearly:

A X+y —6x+2y=0
B. x*+y —4x+2y=0
C ¥+ =2x+6y=0
D. x*+2y°—6x+2y=0

. .. . 36
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Solution: A

r=6cosf—2sind P =xt 4yt
= r’ =6rcosf—2rsing Xty =6x -2y
=1 =6x-2y x2+y2——6x.+2y=0

Trigonometry

Trigonometry is widely used in civil engineering and surveying. It is therefore very important for
the NCEES FE exam ‘as well. Trigonometric functions are defined using a right-angle triangle as
follows. Again, to remind you, right angle triangle is the triangle which has one angle of 90°.

x  adjacent
COS = — = —— e

r  hypotenuse
sin g = Y _ opposite

r  hypotenuse

0 it

tanf === -—-———-—pPOS &

x adjacent

Pythagoras law: 7* = x* + °

FLaw of Sines/Cosines

Let us assume a triangle shown below, where a, b, and ¢ are sides, and A, B, and C are
corresponding opposite angles.

Based on the above triangle, the Sine Rule can be written as:
a b ¢
sind sinB sinC
Based on the above triangle, the Cosine Rule can be written as:
a*=b?+c2—2bccos A
b?=a?+¢2—2accos B
cz=g’+b?-2abcos C

Some other Trigonometric Identities listed in the NCEES FE Ref. Handbook are listed here:
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cosf = sin[9'+ E] - msin(g _'f_]
2 2

5in @ = 003[6’4— E) = COS[Q + EJ
! 5 5

cosecd =——
sind
sect = ——-
cost
sing
tanf —
coséd
cot@ =
tané

sin”@+cos’O=1

tan” @ +1=sec’ @

cot” @ +1 = cosec’d

sin{a + B} =sin & cos § + cosasin 4

cos(er + )= cosacos f—sina sin B

sin2e = 2sincosa

cos2a =cos” a@—sin’ a =1-2sin’ @ =2cos* o —1

2tane
tan2¢g = T
1—tan” &
cot*er—1
cot2ag=——
2coter

More trigonometric identities are listed in the NCEEES FE Ref. Handbook. Now, practice the
following problems for better understanding.

Problem 3.10

. 12
If sin@ = Itk the value of tan# is most nearly:

A. 1255 B.5/12 C.£12/5 D. +5/12
Solution: C
2
cos’@=1-sin’@=1— 2 = 169_“144 = 2
13 169 169
) - 1 A 1 6 4
Now, tan* #+1=gec*8d => tan“H=sec*@-=1=- 1,, a-l:l 9—1=144
cos” & 25 25
tané’::i]—%
5

. .. . 3-8
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Problem 3.11

cos” @ —sin* @ ="

A. 2sin” @1 B. 2cos” 01 C. 2tan” @1 D. 2sec” 8-1

Solution: B

cos® @—sin* 8 ={cos’ § —sin’ 9)(0052'6? +cos” @) = ((:os2 6 —sin’ 9)(1) =
((:os2 8 —sin’ 8)= (co.'s_-2 6 —(1—cos’ 6’)) =2cos" 61

Problem 3.12
450° equals:
A. 5/d B. 51/2 C. 13n/4
Solution: B
450° = (#/180)450 = 3 7/2
Problem 3.13

For the triangle shown below, the value of (tan 6+ cot 6) is most nearly:

A. V3 C.3V2

Solution: C
ran@ = opposite / Adjacent = 1/¥2

cot@=V2/1
tan 6@+ cot @ = 1V2 + V2 =32

@seismicisolation
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Problem 3.14

In the following figure, ABC is a haif-circle. Inside the half circle, a rectangle of 8-in by 2-in
(maximum dimension) can be drawn. The area (in2) of the half circle is most nearly:

e B
//,._f_ -
/
N
GK
~ 1 4
A, 57 B. 10w C. 157 D. 20w
Solution: B
D2 ] g
N
f Y
cf\ ',
N,
\-.
S| A

Radius of the circle, r = v4? + 22 =447 in
Area of the half circle, A =2 7 12 = V2 7w (4.47)% = 10w in?

Problem 3.15

In the following figure, AB and DEF are parallel. Angle ABC = 30° and Angle CED =60°. The
magnitude of the angle BAC'is most nearly:

A e B

A 45° B. 30° C. 60° D.80°

. . . ‘3-10
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Solution: C

ABJ[DE; AE crosses them. Therefore, Angle BAC'= Angle DEA = 60°
Areas and Volumes
The NCEES FE Ref. Handbook listed several shapes and their area and volume calculation

equations. Explore the Ref. Handbook so that you can find out the equations you need to
calculate the area and volume required. Several examples are given here,

Problem 3.16

The area (ft?) of the water shown below is most nearly:

A 293 C. 43 D. 38
Solution: D
¢ = 150" = (7/180)(150°) = 0.833 7
L @=sing) _ (6)°(0.8337 ~sin1S0) 0 e
2 2
Problem 3.17
The volume of a 2-ft radius sphere is most nearly:
A. 2351t B. 335 fi3 C. 43513 D. 53.5 ft®

Solution: B

‘Volume of sphere, V = g— @ =335 ft’

Problem 3.18

A cubical block of metal weighs 5 pounds. How much will another cube of the same metal weigh
if its sides are three times as long?
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A. 151]bs B. 45 lbs C.1351bs D. 405 Ibs

Solution: C

Let the side of first cube =2 So, volume of first cube = &
Therefore, =5 Ibs

The volume of second cube = (34)3 = 278°

Weight of the second cube = 2727 = 27 (5 lbs) = 135 Ibs

Problem 3.19

In the following figure, ABCD is a square and BED is a half-circle. The area of the ABCD square is
200 in?. The area (in? of the half-circle is most nearly:

R — vy B
VJ/.’I‘,
/
/
d
\
.
C i e | D
A, B
B. 50w
C. 100w
D. 200t
Solution: A
Side of the square.= v200 = 14.14 in
So, the diameter of the circle = 14.14 in
Area of half circle = % wr? = Y2 7 (7.07)? = 257 in?
Problem 3.20

A water tank has 50-cm length, 30-cm width, and 55-cm height. If 20 gallons of water is poured
into the tank, the rise (cm) of water is most nearly:

A. 482 B. 465 C.50.5 D. 60.5
Solution: C

20 gallons = 20 (3.785) liter = 20(3.785){1,000) cm? = 75,700 cm?®

@seismicisolation


https://t.me/seismicisolation

Let the water height be ‘% cm
= Length x width x height = 75,700 cm?
= 50 cm x 30 cm x A= 75,700

= A=50.5cm

Problem 3.21

Two equal sized cylindrical blocks (diameter: 12 in, height: 6 in) were bonded together as shown
below. If these two cylindrical blocks are separated, the increase in surface area is most nearly:

*
| 6in

1

A. 14.33% B. 12.5% C. 33.3% D. 50%

Solution: C

Bonded block has 1 curved and 2 circular surfaces.

Bonded surface area, A, = 2zrH + 2ar® = 2x(6)(12) + 27(6)" = 2167
Unbonded blocks have 2 curved and- 4 circular surfaces.

Unbonded surface area, 4, = 2(2ah )+ 4m* = 2(2)x(6)(6) + 47(6)° = 2887

2887 = 2167 (1 0,304) = 33.33%
216z

% Increase =

Problem 3.22

A 5-inch by 12-inch rectangle is inscribed inside a circle. The circumference (in.) of the circle is

most nearly:

A. 5T B. 12w C. 13% D, 171

Solution: C
The diagonal of the rectangle will be the diameter of the circle.

| N
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Diagonial of the rectangle = diameter of the circle = v12° +5° =13

Circumference of the circle = #0= 13 1 inch

Problem 3.23

A circular seal is increased to fit a design paper. The new diameter is 100% larger than the
original diameter. The increase in area of the seal is most nearly:

A 75% B. 100% C. 200% D. 300%
Solution: D

Let the diameter of original seal = d
Area of the original seal = #d?4 -
The diameter of the new seal = d+ 100% of d = 2d
Area of new seal= #(2d P4 = md?
Increase in area = wd? - w4 = % ()
3 Pt

9% increase in area = 47#{3 (1 00%) = 300%

Problem 3.24

PQRSis a rectangle with PS = QR = 6 inch and PQ = RS = 4 inch, as shown below. A and Nare
the mid points of sides QR and RS, respectively. The area (in?) of the quadrilateral PMRNis most
nearly:

M
Q R
A. 12,0 _
B. 135 . N
C. 115
D. Cannot be determined with this information P s
Solution: A

Area of PMRN = Area of PQRS— Area of PQM - Area of PNS

Area of PQRS= 6 (4) = 24 in?

Area of PQM =14 (4) (6/2) = 6 in?

Area of PNS=1 (6) (4/2) = 6 in?

Area of PMRN= 24 in?- 6in? - 6 in? = 12 in2

314

@seismicisolation


https://t.me/seismicisolation

Conic Sections

If in the Cartesian plane, the ratio of distances of any point from a fixed point and a fixed line is
constant; then the locus of that point is called conic. - In the following figure, P(x, y/}is a moving
point; the fixed point, S and the line, MZN.

fff
.\\.
N \.IK"“-\.___“_\__

The fixed point, S, is called the focus; the constant ratio is called the eccentricity {e); the fixed
straight line is called directrix of the conic which is denoted by MZNhere. For different values of
eccentricities (&), the shapes of the locus are different, such as:

i) Circle, if e=0

ii) Parabola, if e= 1. The distances of every point on the parabola from the focus and
from the directrix are equal.

ili) Ellipse, if 0 < e < 1. The ratio of distances of every point on ellipse from the focus and
from the directrix lies within 0 and 1.

iv) Hyperbola, if e > 1. The ratio of distances of every point on ellipse from the focus and

from the directrix is greater than 1.

Let us see the details of Parabola (e = 1) in the following figure.

]

LY
Y

S

Standard Equation:

(r—&) =2p(x—h)

Ifvertexisat (0, Q)orh=k=0

Standard Equation:
y?=2Zpx

Focus = (p/2, O)
Eq. of directrix: x =-p/2

) 2, ) X

Directrix

—H\“
T N L L
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The general form of the conic section equation is Ax? + Bxy + Cy? +Dx + Ey + F=0

If - 4AC< 0, an ellipse’is defined.

If B~ 4AC > 0, a hyperbola is defined.
If 7 — 4AC= 0, the conic is a parabola.
If A = Cand B=0, a circle is defined.

If A = B= (=0, astraight line is defined.

In this way, the NCEES FE Ref. Handbook, v. 9.5, listed the general equations, eccentricity -
equations, foci coordinates, equation of directrix for ellipse, and hyperbola as well. Circle can be

defined by its center and radius. If the center of a circle is located at (2, &) and radius is ¢, then the
standard form of the equation is —

(x-af +(y-b)f =c’

Equation of a circle is also written as:

X2+ yi+ 2gx+ Uy +¢=0

where:

center, (-g, -4

radius = 1/g2 + fi-c
Problem 3.25

The coordinate of the focus of the parabola 5y?=12xis most nearly:

A. (6/5,0) B. (3/5, 0) C. (12/5, 0} D.(5,12)
Solution: B
5p2=12x => e :%x > = 2(%];:

Coordinate of the focus, (z/2, 0) is (3/5, 0)
Problem 3.26

The equation of the directrix of the parabola 5y2=12xis most nearly:

A. 3x+5=0 B.5x+3=0 C.10x+3=0 D.5x+6=0
Solution: B
12
5y?=12x => V' =—"x => yr =2 6 X
5 5
Eq. of directrix, x= - p/2 or Xx=-3/5 or 5x+3=0

. .. . 316
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Problem 3.27

‘The eccentricity of the parabola 5y?= 12x is most nearly:
Al B. »1 C.<1
Solution: A
The eccentricity of a parabola is always 1.0.

Problem 3.28

The coordinate of the foci of the ellipse 25x%+ 16 = 400 is most nearly:

A (0,3 B. (0, +3) C. (3,0)
Solation: B
, 25x%  16y°
25x2+16y=400 =3 — -t =
: 400 400
2 .2
=]
4* 5

2 2

x
Comparing with — + %; =1, a=4and 5=5. b > g so, the ellipse is along the y-axis
J 2

Coordinates of foci, (0, +be)

Eccentricity, ¢ = ,1— —-- 1’ -— 1’

Coordinates of foci, (0, ibe) is (0, &

Problem 3.29

The equation of the directrix of the ellipse 25x7+ 16y?= 400 is most nearly:

A 3y+15=0 B.5y+£15=0 C.3p£25=0
Solution: C

95 %2+ 162= 400
257 165"
400 400
xz yﬁ

S S
16 25

@seismicisolation
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2 2
Zo+d o
4 s

2 2

Y

X
Comparing with — + W =], a=4and b=5. b > a; s0, the ellipse is along the y-axis.
a

Coordinates of foci, (0, ibe)

Equation of directrix, y = + =1

e % 3
2 3p+25=0
Problem 3.30
2 2
The eccentricity of the hyperbola Taa 25~ =1 is most nearly:
A, 12/13 B. 13/12 C.5/3
Solution: B

2y
Comparing with, m—-mml a=12and b=5,a>b.

25
Eccentricity, ¢ = 1+
1 44
Problem 3.31
The coordinates of the foci of the hyperbola A is most nearly:
144 25
A. (£13,0) B. (+12,0) C. (0, +13)

Solution: A.
2 2

Comparing with, ul —y——l a=12and b=5,

2 ,
Eccentricity, ¢ = l+ —2] 25_

i 0= | £12| — [, 0 [=(+13,0
Foci (xae, 0) ( [ ] 2] UJ ( )

@seismicisolation
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Problem 3.32

The equation of circle whose center is (4, -8) and touches the y-axis is most nearly:

A (x—4f +(y+8) =16
B. (x—4)f+(y+8)=4
C (x+4f +(y-8F =16
D. (x-4f+(y+8) =16
Solution: A
Equation of the circle with the center (a, ) and radius, ¢ is (x - a)2 + (y _b-)z =’
Ifit touches the y-axds, the radius ¢= x-axis value of the center = 4
Problem 3.33

The equation of circle which passes through (3, 0 and (-4, 1), and whose center lies on the y-axis
is most nearly:

A. (x)"+(y--4)2:25
B. (x+(y+4) =25
C. (xf+(y-4)=5
D. {x-4) +(yY =25

Solution: A

Equation of circle with center (2, 5) and radius, c is (x = a)2 + ( y— b)z =c

If the center lies on the y-axis, 2= 0. Therefore, ()c)2 +{y— b)2 =c'
= x2+y?-2by +5 —7=0

It passes through (3, 0), therefore, 9+0-0+ #-F=0 => b -?=-9

It passes through (-4, 1), therefore, 16+1-2b+85-c2=0 => 17-2b+(-9)=0
> bh=4

Therefore,.c? = 57+ 9=25

(x) +(y—4) =25
Differential Caleulus

The Derivative

dy
For any function ¥ = f (x) the derivative, uji =y =y
x
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Test for a Maximum
y= f( ) has a maximum value at x= a, if /(@) =0and £'{(2) < 0

Test for a Minimum
y= f(x) has a minimum value at x= g, if £'(2) = 0'and £"(a) > 0

Test for a Point of Inflection
¥ = £{x) has a point of inflection at x = a if £"(a) = 0, and if £"(8} changes sign as x increases
through x= a.

L'Hospital's Rule (I'H8pital’s Rule)

If the fractional function - E )) assumes one of the indeterminate .forms -[—)- or -—(where a is
g\ ©

finite or infinite} then, limit  f{x) is equal to first of the expressions, limit  7"(x) , limit

x—>a glx) r—sa glx) xo>a

f'lx) timit - £7(x)

g'(x) x—>a g"x)

s which is not indeterminate, provided such a first indicated limit exists.

Detivatives

Some of the common derivatives are listed in the NCEES FE Ref. Handbook. These derivatives
can be readily used during the examination.

Problem 3.34
The derivative of x* In xis most nearly:

Sxlnx+x
Ilnx+x?
3x?log x+x
Ixlnx+x’

0w

Solution: B

y=x¥Inx

Y _ e [E“lnx)ﬂnx[if} =% ['1' +Inx (3x*)=x*+3x*Inx
dx dx \ dx x

Problem 3.35

The minimum value of x* ~5x* + 3x + 2 is most nearly:

A7 B.3 C.-7 D.-12

@seismicisolation 0
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Solution: C

p=x 55" +3x+2

D 3 10x+3

dy

For minimum or maximum, E =0

357 ~10x+3=0

2 3x"-9x-x+3=0
= 3x{x-3)-1(x-3)}=0
@ (3x- 1)(x- 3)=0

=D x=3or /3

47 6x-10

2

Y gt x=3is=6(3)~10=+8 >0

‘&2

So, at x= 3, the minimum value exists. The minimum value is - 3 —5(3)* +33)+2=~7

Problem 3.36

The maximum value of x* —5x° +3x+2 is most nearly:

A7 B.2.48 C. -7 D. -12
Solution: B
y=x —-5x"+3x+2
-—‘93—=3x2 —10x+3
dx
dy -0

For minimum or maximum, E

3x—10x+3=0
& 3% -9x-x+3=0
= 3x(x-3)—1{x- 3)=0
= (B3x- D{x-3)=0

2 x=3orl/3

2
Y 6x-10
‘ixﬁ
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2

d’y at x=3is=6(3)-10=+8 >0

dx?.
2

So, at x=1/3, the maximum value exists. Thé maximum valie is -
3 2
-I—] -5 ~1~ +3 1J+'2:2.48'
3 3 3

Problem 3.37

The derivative of (x? + 3)(2x?-1) is most nearly:

A 8x3+10x B. 2% + 10x C. 8x% + 16x D. 6x% + 10x

Solution: A

y=(+3)(2Zx"-1)

% = u% + v% = (x"‘ + 3)_—5;(2352 - 1)+ (2;\:2 - l)éé;(zc2 + 3)
= +3)dx—0)+ {2 ~1)(2x+0) =4 +12x+ 4x° - 2x

=8x* +10x

Problem 3.38

. . B 3 -
The derivative of \/.Tc +4/x += is most nearly:
b

A 1 3
2\/; 4‘{/_;'; x*
B, b
Ty 4 A
e .1 _2
24/x 4\/37‘ x*

1 1 3

Solution: A

n—1

d
Follow: if y = x%, then —dJ;’ = nx

. .. . 322
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Problem 3.39

The value of j{}-’- if -8-— = 12 is most nearly:
y xty
A, 2
B. 2x+2
C. 12x
D. Cannot be determined
Solution: A
~8—: 12 => Blx+»=12y = y=2Zx
y x+y
d d
So, L =2 (2x)=2
dx  dx
Problem 3.40

The derivative of (sir x)?is most nearly:
A, sinZxy B. Zsinx C. 2cosx D. -2 (sinx)cosx

Solution: A

y = (sin xF

Y -E{(sinx)g = ZSinxi(sinx): 2sinx(cosx)=sin2x
dx dx dx

Problem 3.41

The derivative of ln(tanSx) is most nearly:

2
A S sec’ 3x B. > C. 35 se¢ 5% D. -2 (sin x)} cos x
tan5x tan 5x {an 5x
Solution: A
b% xln(tanSx)
dy d d |
— = wInftan 5x )= | tan 5x:) = sec” S5x—\5x
dx  dx ( ) tan'Sxdx( ) tan 5x dx( )
= sec’ 5x(3)=5 sec” 5%
fan 5x tan 5x
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Problem 3.42

The derivative of hl(lnx) is most nearly:

1 1 1
A. B. - C. 5 D. None of the above
xlnx In2x xlnx
Solution: A
Problem 3.43

2
The derivative of ar ,if y=tanx, is most nearly:

dx’
A 202+ 1) B. {32+ 1) C. 20+ 1) D. tantx

Solution: A

y=tanx => Q“seczx

dx
d’ : d 2
o d:; = sec” x =(2secx) ESCC x = 2secxfsec x tan x)=2sec’ x tan x
= 2 tan x(sec” x) = 2 tan x(1+ tan” x) = 2y(1 + y*)

Problem 3.44

The x-coordinate of the points at which the tangent to the curve, y= 4x* + 35> —6x +1 are
parallel to the x-axis is most nearly:

A -1 B.05 C. Both of them D. None of them

Solution: C

12x* +6x—6=0

6(2x° +x-1)=0

2% +x~1=0

%:1'2x2+6x—6+.0 2% +2x —x—1=0
2x(x+H-1x+1}=0
(2x-D(x+1)=0
x=0.5,and/or-1

Parallel to the x-axis means, Y _ 0

y"—'4x3 +3x% —6x+1

3-24
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Problem 3.45

The slope of the tangent at point (-1, 0) to the curve, y =3x*+2x:~1 is most nearly:

A -1 B.-4 C. 4

Solution: B

Tangent,gl:i'(?)xz +2x-l):6x+2-—0:6x+2
dx dx

Tangentat (-1, ) =6(-1)+2=-6+2=-4
Problem 3.46
The point of inflection of the curve, y=2x° - 3x7 - 6 is most nearly:
A. 0O B.1 C.05
Solution: C
y=2x-3x-6

y=dy/dx=6x"- 6x
y=12x-6

Point of inflection oceurs when the double derivative is zero.

y=12x-6=0
x=05

Indefinite Integrals

D.-6.23

D.0.25

Some of the common integrals are listed in the NCEES FE Ref. Handbook; a few of them are
listed here as well. These integrals can be readily used during the examination.

L [dfx)=fx)

2. Idx.:x

5. [ (s)=af F(e)i

4. J[u(x-_)_i v(x)ldx = J'u(x)dx t If(x)dx
5. Ix""dx = ;:!:11 (m # -—1)

6. -a}%zéln[ax-l—b['

@seismicisolation
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7. j%:z&

ax

8. Iaxdx =

Ina
9. Isin xdx = ~cosx

10. Icos xdx =sinx

2

11. [sin? xdx = X _Sin2x
2 4
Problem 3.47
jsin Y0x de=7? Note: 4sin® A4 =3sin 4 ~sin34

A, -—3-0052-x+~1~0086x+(?
3 24
3 1 . .
B. —=cos2x+—cosbx+C
8 4
3 1
C. —cos2x+——cosbx+C
8 24

3 1 _
D. ——cos2x——cosb6x+C
8 24

Solution: A

—3cos2x

cosbx
+

.1 1 ) 1 . ; 1{.
sin’2x dx=-— [ 4sin® 2x dx = — | (3sin 2x —sin 6xldx=-[
-[ 4-[ 4-[( 4 2

=-§~c052x+—1~cos6x+(?_
8 24

Problem 3.48
J‘(?y(:'(:'as)-:—55&:02 x)dxz?

. 5sinx-3tanx+C
3sinx+5tanx+C
6sinx~5tanx+C f
3sinx-5tanx+C

On e

Solution: D

@seismicisolation
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I(3.cos xWSSeczx)dx:_[3cosxdx_wj55603x_dx
:3I cos x dx ~5‘I sec? x dx

=3sinx—5tanx+

Probilem 3.49

s

sin® xdx =2

o

D ey,

A w B, /2 C. /3 D. w/4

Solution: D

)
T

I\Jl'-—‘-

a=L2
2

0

7 7
I sin’ x dx = I (- cos2x)dx:l[x_~lsin Zx}
5 2 2 2

- 1 [12{ - ;lisin g;:i = % [This integral is also listed in the Handbook]

Problem 3.50
! l! .
The value of I is most nearly:
x°
A 273 B. % C.5/6 D. /3

Solution: C

|~

P

8 1 1 1
=== 202)4 2{1) - S+~ =
l 8L o)l s

-4t

The value of jxéxdx is most nearly:
1]

Al B. 3 C. 0.325 D.3

‘o |

Problem 3.51

Solution: A.

@seismicisolation 3-27


https://t.me/seismicisolation

Ixexdx = xI e dx ~ I(% x-[exdxj dx = xet — I(l e )dx =xe" - fexdx =xe” —e" +

[xe" —e" +-C']:J :(l.eI —é +C)—(_O.e" - +-C) =1.0

Problem 3.52

The area bounded by the parabola, »* =4x and the line, y =Zxis most nearly:

o 0w

1.0'square unit
3/4 square unit
0.125 square unit
1/3 square unit

Solution: D

Bounded area is calculated as A = I( ¥y =y )dx

For the current case, let, y, = \/:1; = 2\[;
yr=2x
To determine the limit, we need to find the xcoordinate of the intersection points.
yr=xyz
= Wx=2x
= 4x = 4%’ (squaring both sidcs)
= 4xf—4x=0
= 4x(x-1)=0
= x=0,1

1
. 2 : 2 .
Bounded area A = j (2% —2+/x ) dx = {xz - —x’ﬂ =1-—(1)=-0.33
° 1.5 0 1.5
Neglect the negative sign. If we assumed yr and yzthe opposite way, the sign would have

been positive,

Problem 3.53

The area bounded by the parabola, ¥ =4x” and the line, y=4 is most nearly:

A

. 5.33 square unit

B. 3.4 square unit
C.
D

2.325 square unit
. 1.3 square unit

Solution: A
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¥a

Bounded area, A = I(yz —ydx  Or, Bounded area 4 = f('xz - X, }dy

X M

Centroids and Moment of Inertia

This topic is discussed in the Statics Section
Progressions and Series

Arithmenic Progression

To determine whether a given finite sequence of numbers is an arithmetic- progression, subtract
each number from the following number. If the differences are equal, the series is arithmetic.
1. The first term is a.
The common difference is d.
The number of terms is 2.
The last or ath term is L
The sum of nterms is &
I=a+{n-1)d

S= g(a +1)m'-g[2a+(n—l)d]

U 0 N

Geopmetric Progression

To determine whether a given finite sequence is a geometric progression (G.P.), divide each
number after the first by the preceding number. If the quotients are equal, the series is geometric:

The first term is a.

The commeon ratio is r.
The number of terms is .
The last or mth term is £

The sum of 7terms is &

Vi W e

-1

{=ar

g a-r")

l~#

Problem 3.54

For the following arithmetic progression, the sum of the 15 10 terms is most nearly:
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A, 156 B. 165 C. 195 D. 145

Solution: B

It term, a=3
Common difference, d=2"term - 1" term =6 -3 =3

. 1
Sum of 10-term, S =-gl_ 24 +(n-1)d]= 39[2(3) +(10-1)3]=165
Problem 3.55

For the following arithmetic progression, the value of the 20% term is most nearly:

A. 57 B.55 C. 60 D. 600
Solution: C
1# term, a=3
Common difference, d= 2™ term ~ 1*term=6-3=3
20-th term, /=a +(n -1) d=3 + (20 - 1) 3 =60
Problem 3.56
For the following geometric progression, the value of the 30* term is most nearly:
2+444+8+16+.......
A, 20 B. 2% C.2n D. None of the above
Solution: A
1# term, a=2

Common ratio, r=2" term / 1% term = 4/2 = 2
30-th term = ar”™' =2(2)*" =2%

Problem 3.57
For the following geornetric progression, the sum of the first 10 terms is most nearly:

2+44+8+16+.........
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AL 1,024 B. 1,042 ' C. 2,046 D. 2,064

Solution: C

1¢ term, a= 2
Common ratio, r= 2" term / 1 term = 4/2 = 2
afi-r) 2{1-2"°
( ) ( ) = 2,046

Sum of 10 terms, § = -
1-» i—2

Problem 3.58
For the following geometric progression, the sum of the first 5 terms is most nearly:
59,049 + 19,683 + 6,561 + ...........
A. 88,200 B. 38,572 C. 9,000 D. 102,531
Solution: A

1% term,.a = 59049
Common ratio, r=.2" term / 1% term = 19,683/59,049 = 0.3333
a(l-r") 59,049 (1-0.3333°)
= . = =88,200
J-r 1-0.3333
[Note: some rounding errors may occur for these types of fraction problems. This should not
affect the answer. Choose the nearest option]

‘Sum of 5 terms, S =

Matrices

A matrix is an ordered rectangular array of numbers with m rows and n columns. The element a;
refers to row 7and colummn /.

Multiplication of Two Matrices

(A B

A=|C D}, Aszxis a 3-row, 2-column matrix
_E F
(1T

B= , Bozis a 2-row, 2-column matrix
i J K '

For multiplication to be possible, the number of columns in A must equal the number of rows in
B Multiplying matrix A by matrix B occurs as follows:

3-31
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4 B (4H+BJ) (A1+BK)
C=C D {H }}z (CH+DJ) (CI+DK)

EF (EH+FJ) (ET+FK)

Matrix multiplication is not commutative.

Addition

ABC+GHIWA+G B+H C+I1
D E F||J K LI |D+J E+K F+1L

Identity Matrix

The matrix, /= ai,; is square 2 x 1 matrix with I’s on the diagonal and 0’s everywhere else.

1 0 0
I=10 1 0
0 01
Matrix Transpose
. 4 D
. _ 4 B (C ,
Rows become columns. Columns become rows, A = ,then A" =| B E
D E F
C F
Inverse [
adj(4)

The inverse of B of a square n X n matrix, A is, B=A4" =

4
where:
adj(A)= adjoint of A (obtained by replacing A" elements with their cofactors)
|A|= determinant of A.

[AIA]"" = [A}"] [A] = [f ] where [ is the identity matrix.

Determinants

a a,

For a second-order deterininant: =ab, —a,b,

| 2

. . . . — 2
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For a third-order determinant;

a, d, dy

b by, by|=abcy+abie +a;b,c, — ash,c, —a,bie; —-abie,

C, ¢ G
Problem 3.59
2 3 4
The magnitude of the matrix | 1 2 5| is most nearly:
7 2 1

[write in integer such as 12, or -6, etc.; not 3.5 or -7.3, etc.]
Solution: 38
Magnitude = 2(2 - 10) - 3(1.- 35) + 4(2 -14) = -16 + 102 - 48 = 38

Problem 3.60

53
The inverse of the matrix, |:3 2} is most nearly:

S i YR B ey

Solution: D

|:bz “az} [2 —-3}

b b,

Problem 3.61
Which of the following statemnents is not true?

Matrix multiplication is not commutative

For Ax B, the columns in 4 must equal the number of rows in B
In matrix transpose, rows become rows

[a] [a]'= [{] where []] is a diagonal matrix

=S

Solution: C
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See the NCEES FE Ref Handbook, Mathematics Section.

Problem 3.62

The magnitude of matrix “4’ is ‘X". The magnitude of matrix ‘F is most nearly:

2 4 3 4 8 6
A= 1 2 6 ; B={1 2 6
12 25 20 12 25 20
A 2X B. X2 C. X2z D. X3

Solution: A

The first row of [B] is twice of that of [A]; all other values are same. The value of [B]is
twice of that of [A].

Problem 3.63
0 1 1
If A= and B =/ |, then AB is most nearly:
1 2 2
2 1 0 5
Al B. C. b,
5 5 5 2
Solution: A
_[Ox1+1x2) 12
Cxl+2x2 |5
Problem 3.64
8 4 -1 —4 6 2
IfA4=|0 1 3|and B=|1 3 7, then3A-58 ismost nearly:
5 4 8 5 4 1
44 ~18 -13 44 18 13
A |=5 —-12 -26 B.I-5 -12 -26
-10 -8 -19 -10 -8 19

. .. . 3-34
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44 -18 13 ~44 -18 -13

C.|-5 6 26 n|-5 12 -26
-10 -8 -19 -10 -8 ~19
Solution: B
Problem 3.65
5
Ifd= ’6 , then A7is most nearly:
5 —4 5 - 5 - 5 -4
A, B. C. | D
-6 4 -6 - 6 5 -6 5
Solution: D
Problem 3.66
2 5 .
If A= ‘3 10& , then AA4 is most nearly:
5 -4 5 =4 5 -4
A, B. C. D. [1]
-6 4 -6 -4 6 5
Solution: D
Problem 3.67
16 5 9
The magnitude of A=[12 4 7| is most nearly:
17 6 1
Al B. -1 C.23 D. 122
Solution: B
Vectors

The general form of vector Ais A= aji+ ay} +-aﬁ

*yectors are interchangeably represented by arrows or bolding in this text.
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Addition and subtraction:

A-B=(a,~bJ +{a, ) +(a b

¥

The dot product is a scalar product and represents the projection of Bonto A times |A4|. It is given
by:
AB={ab )+ (a),by )-I-. (a.b.)= |2||1§| cosf =54

The cross product is a vector product of magnitude |B{|A]sin® which is perpendicular to the plane
containing A and B. The product is —

i J ok
AxB=la, a, a :ﬁ|ﬁ||1§|sin6':-§_xﬁ

¥

b, b, b,

where: n= unit vector perpendicular to the plane of A and B. The sense of A x Bis determined by
the right-hand rule.

Problem 3.68
The dot product of the two vectors: 8i - 23j - 17k and i+ j + k is most nearly:
A. -32 B.18 C.32 D. None of the above
Solution: A
AB. = (8- 23 - 17k).(i +j + k) = 8(1) + (-23) (1) + (-17)(1) = -32
Problem 3.69
The magnitude of the resultant of the following set of vectors is most nearly:

P=7i+3j+2k
Q=-2i-4+%k
R=-14i+22j+2k
A 4272 B. 234 C.324 D. 342

Solution; B

From the NCEES FE Ref Handbook, Mathematics Section,
Resultant =P+ Q+R=(7-2-14)1+(3~4+22)j+(2+1+2)k=-9i+21j+5k
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Magnitude of the resultant = 1j(—9)2 + (21 +(5) =234

Pioblem 3.70

Two vectors, are given below. The angle between these two vectors is most nearly:

A=2i+3j+5k
B-Si-j+k
A, 42 B. 58° C. 68° D. 78°
Solution: C
A.B 10—
#=cos™ -fw{:ir =cos” _ 313 =¢08™'(0.375) =68
A3 V2243 452 4 (1Y 41
Problem 3.71

What is the vector product of the following two vectors?

A=2i+3+5k
B=5i-j+k
A, 8i+23j-17k B. 2i+ 23 - 13kC. 7i + 23j - 13k D. 2+ 3j - 13k

Solution: A.

Pjk

AxB=2 3 5/<i(3+5)-j2-25) +k(-2-15)=8i+23j-17k

5 -1 1

Problem 3.72

The dot product of two vectors is
A. Scalar  B.Vector C.Can be any one of the above D. None of the above

Solution: A
The dot product of two vectors is scalar.
Problem 3.73

The cross preduct of two vectors is —
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A. Scalar B. Vector. C. Can be any one of the above D. None of the above

Solution; B

The cross product of two vectors is vector,
Problem 3.74

For the two vectors, A=31~7j+3kand B=5i+3j+2k, which of the following statements is
true?

They are parallel

They are perpendicular

The angle between them is 45°
None of the above

o0 wp

Solution: B
Let us determine the angle between them. If 8 = 0, they are parallel. If 8 = 90, they are
perpendicular. Now, A.B = |A||Bjcosf = 15-21 +6 =0
So, #=cos! (0) = 90°

Problem 3.75

Two vectors are given: A= i+2j+2kand B=41i+8j~k The projection of vector B along
vector A is most nearly:

A 6 B.3 C. 18 D.7
Solution: A

AB=4+16-2=18
| A1 +2% 420 =3
|A|| Blcos§ AB 18

Projection of vector B along vector A = | B|cos@ = e T

| 4] |4 3

Problem 3.76

Two vectors perpendicular to each other are given: A= 2i+aj+kand B=4i-2j-X. The value-
of °Z is most nearly:

A6 B.35 C.3.12 D. 45

Solution: B
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If the angle between them, &= 90, then they are perpendicular.
Or, AB=ABcosB=8-2z2-1=0

= 7-2a=0

= a=35

Problem 3.77

What is most nearly the component of B= 5i-3j+ 2k along the vector A=2i+ j—2k?

1Y = =
A. (— (2f+j-2k)
3/
e =47
B. [-— 2i~j+2k)
3)
1 - -
C. {4- (z'+j—2k)
3
1M = o7
D. [—)(21+ j'"zk)
Solution: A.
Unit vector along A, & :i;: 2 +j_ ;_ 2k = :(l}(ﬁf}:m' 2;’5.)
4] Jer+ay+(2F \3

The component of B along the vector A =

= AB 10-3—4 AT N B
Blcos@ a="G= 2 ois F-2k)=| = 2iv -2k
|Bleosta=15,4 \/(2)‘*+(1)”-+(—2)2(3J(1” )(3]( vj-%)

Problem 3.78

What is most nearly the value of ‘a such that vector B = 2i—27 + k is perpendicular to the vector
A=2ai-aj-4k?

1

-2

Both of them
None of them

Jowp

Solution: C
Problem 3.79

For the two vectors, A=91+j-6kand B=4i-6j+5k, which of the following is true?
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They are parallel

They are perpendicular

The angle between them is 45°
None of the above

00w

Solution: B
Miscellaneous. Practice Problems
Probilem 3.80
If an object travels at ten feet per second, how many feet does it travel in two hours?
A. 7,200 B. 3,600 C. 72,000 D. 96,000

Solution: C

s=102(2 hr)[3, 600 i] = 72,000 fi
s hr
Problem 3.81

In a class of 80 students 40 are taking Geotechnical Engineering, 20 are taking Structural
Engineering as majors. Of the students taking Geotechnical or Structural Engineering, 10 are
taking both majors. The number of students are not enrolled in either major is most nearly:

A 20 B.10 C. 40 D. 30
Soltion: D
(AUB) = A+ B-(ANB)
(AUB) =40 +20-10
(AUB =50
(AUB) =80-50=230
Problem 3.82
If (2x + 5) 3x - 2) = ax? + bx + ¢. The value of | 2~ b + ¢| is most nearly:
A -15 B. 15 C.27 D.5

Solution: B

(2x+5) (3x-2) =6x¥ + 15x- 4x— 10 =6x7+ 11x— 10
Comparing with ax?+ bx + ¢ 2= 6; b=11,and c=-10

. .. . 3-40
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Therefore, a - b+c=6-11-10=-15
Finally, [2—-b+d = |- 15|=15

Problem 3.83

In a point of a curve, the first derivative is zero and the second derivative is -2. Which of the
following is true for the point?

A. The minimum point of the curve
B. The maximum point of the curve
C. Ttis a-point of contra-flexure
D. Itis an inflection point

Solution: B

Problem 3.84

The weight of a tank of water and the tank itself is 300 Ibs. When the tank is 25% empty, the
weight of water and the tank itself is 250 Ibs. The weight (Ibs) of the empty tank is most nearly:

A. 50 B.75 C. 100 D. 125

Solution: C
25% water is 50 Ibs; so 100% water is 200.1bs. The rest 100 Ibs is the empty tank.

Problem 3.85
A front loader is to dig 1,000 m?® of soil in a day. In every attempt, it extracts 2 m3 of soil,
however, 0.1 m? of soil is accidently fallen off. Most nearly, how many times the front loader is
required to attempt to finish its job?

A, 524 B.525 C.526 D. 527

Solution: D

Effective removal of soil in single attempt = 2 — 01=19m?
No. of attempt required = 1,000 m*/ 1.9 m® = 526.3 = 527

Problem 3.86
The .original price of a shirt is $75. During the Christmas event, the price is lowered by 15%.

During the checkout, the cashier can give further discount on the reduced price of 5%. The price
($) if a customer gets both discounts is most nearly:
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A. 10.69 B.3.19 C.63.75 D. 60.56

Solution: D

Original Price = $ 75
First time reduced price =$ 75 (85%) = $ 63.75
Checkout further reduced price = $ 63.75 (95%) = $60.56

Problem 3.87
3x+2
If f(x)= 22": 1' , then f(:;;i?] is most nearly:
{3x+2Y 3(§x+_2_J +2 3% +2
[_Jf___u_ B. AZxtl, . D. None of the.above
2x+1 3x+2 2x" +1
) J— +1
2x+1
Solution: B
Problem 3.88

2

If 2 =2 0, then, 1

is which one of the following?

n—1
A. Always positive B. Always negative
C. Can be positive or negative D. Can be zero

Solution: A

n -1 (n+l)n-I
1 - ( )(rll) ) =n+1, As, 720, it is always positive and cannot be zero or
- n—

negative.

If you cannor understand a problem or have any question regarding a probiem or any other issue regarding the FE Civil
Exam, please feel free to email rhe author at books. mridam@gmail,com.
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4 Engineering Probability and Statistics

Fundamentals of Engineering (FE) CIVIL Exam Specification mentions, 4-6 questions may appear
in the exam based on Engineering Probability and Statistics as.follows: '

A. Measures of central tendencies and dispersions {e.g., mean, mode, standard deviation)
B, Estimation fora single mean (e.g., point, confidence intervals)

C. Regression and curve fitting
D. Expected value (weighted average) in decision making

Dispersion, Mean; Median, and Mode Values

If Xj, X9, ..., Xprepresent the values of a random sample of n items or observations, the arithmetic

mean of these items or observations, denoted E’ ,is defined as:
— 1y, 1\&
X == (X + X, + et X)) = = DX,
\n n
— ZW,.X ;

The weighted arithmetic mean is written as: X, = Z

where:

X;= the value of the 7+th observation, and
wy=the weight applied to X;

The variance of the population is the arithmetic mean of the squared deviations from the
population mean. If x is the arithmetic mean of a discrete population size, /¥, the population
variance (o9 is defined by:

N

o’ :Jﬁ'[Z(X" _ﬂ)z}
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1|8, 5
Standard deviation of the population is: O poputurion™ \/ E [Z .(X i -".a”) :I
=l

_ 1 1T n —_
The sample variance is: 5 = P {ZI (X, -X )2]

. . R . 1 - . 1.
The sample standard deviation is; 5= || — X -X
P s \/ [n__ JZ( ~Xf
-y 5
The sample coefficient of variation: ¢V = >

Sample Geometric Mean: 3/X;X,X;..X,
1 R
The sample root- mean-square value: (;]Z X;
n m .
When n is even, the median is the average of Eth and 5 +1 |th tems.

n+l
When n is odd, the median is the average of th item.

Mode is defined as the value with the highest frequency in the sample, or population.
The sample range is the largest sample value minus the simallest sample value.

Problem 4.1

The mean of the data set 13,17,12,10,18, 22 is most nearly:

A. 147 B. 129 C.16.6 D.15.3

Solution: D
f:[l)(X1+X2+ ....... P X)= ( JZX “13+17+12210+18+22”15'3
" j=1

Problem 4.2
The standard deviation of the dataset 6, 17,12, 10, 18 is most nearly:

A, 295 B. 4.45 C.5.96 D.3.33
Solution: B.
X_[}_)(Xl X, e X)) = [ ]ZX - 6”7”;”0“8 =12.6

. .. . 4-2
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o \/[l )Z (X — ) = \/[_;_][(6-12.6)2-+(17~—-12.6)~+(12—.1-_2.6)l —ads

+(10-12.6)* +(18~12.6)*

Problem 4.3

The population variance of the date set 13,17,12,10,8 is most nearly:
A. 3.63 B.12.3 C.57 D.9.2

Solution: D

Arithmetic mean, #+ (;

o’ =§[§(X,-~mz]:~;[

1

)._X] . +X,,)r[*]~')ZXf _13H17412+1048 )

1 i=l 5
(13-12) +(17-12 +(12-127 +(10-127]_
(8- 12) '

Problem 4.4.
The sample variance of the date set 13, 17,12, 0, 18 is most nearly:

A 717 B. 40.2 C.515 D. 122
Solution: C
Arithmetic mean, X = [%)(X, Xy et X)) G{]ZX S aall +15"2+0+18 =12
oo L [i X ~MX“)3} 1 {(13 ~12) + (17 ~12)" + (12 - 12)* + (0~ 12)2} 515

r—1| % 4| +(18 —12)

Problem 4.5
The sample standard deviation of the date set 13,17,12,18 is most nearly:

A 294 B.391 C.3.33 D.255
Solution: A
Arithmetic mean, X = [é](XI + Xy et X)) m(i’]g‘,}{; -2+l Z 12418 15
5= \j {;1_712(){ -X)= \2(%)[(13 C15)F + (17 ~15)F + (12 ~15) + (18—15)2] = 2.94
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Problem 4.6

The sample co-efficient of variance of the date set 1.3,1.7, 1.2, 10 is most nearly:
A. 1.05 B.1.21 C.0.36 D.212
Solution: B

1 1\ 13+1.7+1.2+10
Arithmetic mean, X‘-’-(;](X, + X, et X)) :(;]ZX’. - =3.55
i=l

4
i1 E% 1 2 2 \2 2
s=\/(m-i]z(x,,-x)z :\/[5 [(13-3.55)% + (1.7-3.55)2 + (1.2—3.55)* + (10 ~3.55)* | = 4.3
n—.
. . . CV == _ﬁ_’_’:’.’_—l 21
Sample coefficient of variance, Y 355
Problem 4.7

The sample geometric mean of the dateset  0.11,0.17,0.23,0.01  is most nearly:
AL 0101 B. 0.08 C.0.13 D. 1.7

Solution: B

Sample Geometric Mean, =4 XerX.s---Xn = \/(O.l 1)(0.173(0.23)(0.01) = 0.08
Problem 4.8
The sample root- mean-square value of the date set 113,117,112, 110 is most nearly:
A, 137 B. 113 C. 107 D.116.8

Solution: B

1 1 2 2
Sample root- mean-square value, = [}JZ X; = J:{ (] 137 +117% +112° +110 ) =113

Problem 4.9

In a class of 50, 17 students scored 85%, 13 students scored 72%, and the rest of students scored
66%. The average/mean score in that class is most nearty:

A. 66% B. 71% C. 74% 1. 78%

. .. . 4-4
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Solution: C

s D owX,  17(85)+13(72)+ 20(66)

T 3w 50

Problem 4.10

=74.02

Which of the following parameters does not measure the central tendency of a data set?

Average/mean
Median value
Mode

Skewness

Sowp

Solution: D
Problem 4.11
The mode of the dataset 7,8,9,3,4,7,8,10,11,4,3,7,9,7,6 is most nearly:
A7 B.4 C.8 D.9
Solution: A
Occurrence of 3 = 2
Occurrence of 4 = 2
Qccurrence of 6 = 1 _
Occurrence of 7 = 4 (controls)
Qccurrence of 8 =2
Occurrence of 9 =2
Occurrence of 10 =1
Occurrenceof 11 =1
Problem 4.12
The median of the dataset ~ 2,17,8,7,9,3,4,10  is most nearly:
A 4 B.7 C.8 D.75 E.Idon’t know it
Solution: D
The increasing ordEI" of the data: 2,3, 4,7,8,9, 10,17
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n n o
Here, n is even. So, the median is the average of “2“th and ["2“*“ lJth ems.

fgith ftem=7 and (g— + ljth tems =8

n n . . 7+8
'Ihe__average of "5 th and [""2“ + ljth ems 15 T =7.5

Problem 4.13
The median of the following dataset  2,17,8,7,9,3,4 is most nearly:
A3 B. 4 C.7 D.9
Solution: C
The increasing order of thedatais 2,3,4,7,8,9,17. As, nis odd. So, the median is the
(Z{—ﬂ] = zj—l: 4th item., 4th tem =7
-2 2
Problem 4.14
The sample range of the dataset 8,7,9,3,4,37,39 is most nearly:
A 39 B. 36 C.63 D.7
Solution: B
Sample Range = Largest value — Smallest value = 39 -3 = 36
Laws of Probability

Property 1. General Character of Probability

The probability, AE} of an event, Eis a real number in the range of 0 to 1. The probability of an
impossible event is 0 and that of an event certain to occuris 1..

Property 2. Law of Total Probability

RA+B) =RA)+PB-RA B
HA + By = the probability that either A or Boccur alone or that both occur together
HA) = the probability that A occurs
A(B) = the probability that B occurs

. . . 45
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A A, B) = the probability that both A and Boccur simultaneously

Property 3. Law of Compound or Joint Probability
If neither A A) nor AB) is zero,
RA, B =PRAAB| A) =ABRA| B)
where _
AB| A) = the probability that B occurs given the fact that A has occurred
P(A| B) = the probability that A occurs given the fact that B has occurred
H either A A) or A B) is zero, then AA, By=0.
Problem 4.15
The probability of raining today is 20%. The probability of not raining today is most nearly:
50%
20%

‘80%
100%

CORrRe

Solution: C
The summation of probability of occurring and not occurring of an event is 1.0 (100%).
Problem 4.16

The probability of occurring A is 0.1. The probability of occurring B is 0.15. The probability of
occurring A and B together is 0.05. The probability of occurring A or B is most nearly:

A 025 B.0.2 C.0.3 D. None
Solution: B

Property 2(low of total probability)
P (A+B) =P(A) + P(B) - PA,B}=0.1 +0.15-0.05=0.2

Problem 4.17
Box I contains.3 red and 2 blue marbles while Box II contains 2 red and 8 blue marbles. A fair coin

‘is tossed. If the coin turns up heads, a marble is chosen from Box I. If the coin turns up tails, a
marble is chosen from Box II. The probability that a red marble is chosen is most nearly:
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3/5
2/10
2/5
5/15

A
B.
C.
D.

Solution: C

Let, R=rted; 1= Box 1; Il - Box Il. Since a red marble can result from either I or I1.

1y 3 1Y 2 Y. 2
AR -FOAR| D+ PORRID = |5 375 17150 375875
Problem 4.18

A coin is flipped twice. The probability that the 1= time it head and the 2™ time it tail is most
nearly:

Cowp
=
o3

Solution: C
The probability that 1% time it is head = %
The probability that 2™ time it is tail = %
The probability that 1+ time it is head and 27 time it is tail = (14) (1) = %.

Alternative

H HH
T

Favorable option = 1

Total option = 4

The probability that 1% time it is head and 27 time it is tail = Y,
Problem 4.19

A dice is flipped twice. The probability that the 1# time score is smaller than that of the 27 time is
most nearly:

A. 18/36 B. 15/36 C. 21/36 D. None

Solution: B
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1] 2| 3| 4|56

11 12 13 14 15 16
21 22 23 24 25 26
31 32 33 34 35 36
41 42 43 4 45 46
51 52 53 54 55 56
61 62 63 64 65 66

[=\ N AW NI LR -

Favorable option = 15; Total option = 36; So, probability = 15/36.
Problem 4.20

A dice is flipped twice. The probability that the 1« time score is equal or greater than that of the
2rd time is- most nearly:

18/36
15/36
21/36

None

0w

Solution: C

= N RO RN RSVl ]

Total option = 36; Favorable option = 21; So, probabiiity =21/36.
Problem 4.21

From a set of 52 cards, two cards have been picked up without replacement. The probability that
the first card is “A™ [A = Ace] or the second card is “K” [K = King] is most nearly:

A. 2/52 B. (4/52){(4/51) C. (4/32) + (4/51) D. None
Solution: G

There are four types of cards in a set. Thus, there are 4 As and 4 Ks in a set of 52 cards.
The probability of first card ‘A’ = 4/52
The probability of second card ‘K’ = 4/51

49

@seismicisolation


https://t.me/seismicisolation

The probability that the first card is “A” or the second card is “K™ = (4/52)+{4/51)

Problem 4.22

Two cards have been picked up (one after another without replacing) from a set of 52 cards. The
probability that both of them are Queens (Qs) is most nearly:

A. 0.003846 B. 0.00452 C. 0.1538 D. None of the above

Solution: B

P(First time Q) = 4/52
P(Second time Q) = 3/51
Both time Qs = (4/52) x (3/51) = 0.00452

Problem 4.23

A box contains 7 red, 9 black and 6 white balls. One ball is drawn randomly. The probability of the
ball being red or white is most nearly:

A. 42/484 B. 13/22 C.7/22 D. 6/22
Solution: B

The box contains 7 red, 9 black, and 6 white balls.
P(red) =7/22,  P(black) = 9/22, P(white) = 6/22
P (red or white) = 7/22 + 6/22 = 13/22

Problem 4.24

A box contains 5 red and 10 white balls. Two balls are drawn randomly, one after another without
repiacing. The probability of the balls being different colors is most nearly:

10/21
50/95
10/15
5/15

onEp

Solution: A

The box contains 5 red and 10 white balls.
P (different colors) = (1= one red and 2" one white) or (1* one white and 2 one red)
= (5/15 x 10/14) + (10715 x 5/14) =10/21.

@seismicisolation 410


https://t.me/seismicisolation

Problem 4.25

A box contains.5 red and 10 white balis. Two balls are drawn randomly, one after another without
replacing, The probability of the balls being the same color is most nearly:

10/21
50/95
10/15
11/21

ONEF

Solution: D

The box contains 5 red and 10 white balls.
P (same colors) = (1% one red and 2™ one red) or (1 one white-and 2™ one white)

= (5/15 x 4/14) + (10/15 x 9/14) =11/21.
Problem 4.26

A uniform ¢oin is successively tossed three times. The probability that every toss has a tail is most
nearly:

A, 1/8 B. 2/9 C.2/8 C. 1/16
Solution: A

Set={H, T}x{H, T}x{H, T}
={H, T} {HH, HT, TH, TT}
= {HHH, HHT, HTH, HTT, THH, THT, TTH, TTT}
Total options = 8
Favorable option = 1
P(every toss has tail) = 1/8.

Problem 4.27

A uniform coin is successively tossed three times. The probability of having two or more tails with
‘the condition of getting tail first is most nearly:

A 1/8 B.2/9 C. 4/8 D. 3/8
Solution: D
Set = {H, T} x {H, T} x {H, T}

- {H, T}{HH, HT, TH, TT}
- {HHH, HHT, HTH, HTT, THH, THT, TTH, TTT}

4-11
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Total options = 8
Favorable option =3 [THT, TTH, TTT]
Atwo or more tails with first time tail) = 3/8.

Problem 4.28

A uniform coin is successively tossed three times. The probability of having two or more tails in
any order is most nearly:

A 1/8 B. 2/8 C. 4/8 D. 3/8
Solution; C

Set = {H, T} x {H, T} x {H, T}
= {H, T} {HH, HT, TH, TT}
={HHH, HHT, HTH, HTT, THH, THT, TTH, TTT}
Total options = 8§
Favorable option=4 [HTT, THT, TTH, TTT]
P(two or more tails in any order) = 4/8.

Problem 4.29

A uniform coin is successively tossed three times. The probability of having tail and head
successively with first time tail is most nearly:

A 1/8 B.2/8 C. 4/8 D.3/8
Solution: A

Set={H, T}x{H, T} x{H, T}
- {H, T} {HH, HT, TH, TT}
= {HHH, HHT, HTH, HTT, THH, THT, TTH, TTT}
Total options = 8
Favorable option =1 {THT}
P(tail and head successively) = 1/8

Problem 4.30
Field survey has been conducted to determine the amount of fatigue cracking in many of

pavements. The data is presented using histogram as shown below. *Cracking (%) means the
percentage of lane that has fatigue cracking.
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30

Frequency
]
o

[y
=

5 10 15 20 25 30
Cracking (%)

The number of pavement where the survey has been conducted is most nearly:

80
22
17
a2

.

oo R

Solution: A
Sum of frequency =17 + 22 + 11 +9+ 19+ 2 =80

Linear Regression and Goodness of Fit

Least Squares
J=a+bx
where:
5 S,
S_tx
a=y-bx

o _L #
ym[n] ;y,-

(k5)

= Sample size
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S = Sum of squares of x
Syy = Sum of squares of y
Sy = Sum of x-y products

Residual

e =y -y=y —(Ei+gx;.)

2 SuS, =S 2 _
Standard Frror of Estimate, (Se ) Scz = "{‘%;;‘:“ﬁ“ =MSE , where:

N 1 " 2
S}:V “—“Zy.lz “;[ZJ}:)
el it

Confidence Interval for Slope (B): bty a
2 W

Sample Correlation Coefficient (R): R = -—\/%%—“
23 ety

2

Coefficient of Determination (Rz-): RP=—2
- SeS,,
Problem 4.31
A best fit straight line, ¥ =9 0% can be fitted using the following data points:
x y ® Xy ¥
1 1 1 1 1
3 2. 6 4
4 4 16 16 16
6 4 36 24 16
8 5 64 40 25
9 7 81 63 49
11 8 121 88 64
14 9 196. 126 81
¥x=56 | Zy=40 | Xx?=524 | Yxy =364 | Ty?2=256

What are most nearly the values of 4> and b respectively?
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o0

0.636, 0.55
0.55, 0.636
0.879, 0.45
None of the above

Solution: B

‘N ; 1 no . i ] o .
S, = Z]x v, - [ﬂ[ %, )(Z, y,J =364 ~ Eg-(_56_)(40) =84

3 x,.] = 504 315 (s6) =132

§-b% =5-0.636(7)=0.55

a.

Problem 4.32.

For the above problem, Problem 4.31, the coefficient of determination is most nearly:

SO

0.87
0.95
0.76
None of the abeve

Solution: B

2 2
RE— D : 8 095
5.8, (132)56)
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Problem 4,33

For Problem 4.31, what is most nearly the 95% confidence interval of the slope of the regression
line predicting the y'based 2?7 Given,

S, =%
S, =132
S, =5
A (2.34,1.99)
B. (1.49,1.22)
C. (0.99,0.77)
D. (0.77,0.50)
Solution: D
2
vsE <SS =Sy _ (132)56)—(84) _
S (n— ) 132(6)
~ S,
b= ﬁ =0.636
Se 132
Ly =i 00 . =2:%47 from the Student's ¢ Distribution table in the NCEES Ref.
2
Handbook
Confidence Interval for Slope (5):
bxi, ‘”"‘;SE 0.636 (2 447)‘} 1; =0.636 £ 0.139 =(0.77,0.497)
2.-::--2 [

Remember, sometimes you may not need ro sofve the problem. The answer can be picked up without ealeuiation. For example, “A 10
inch long rod............. . Which Is following is the Poisson’s Ratio of it7

A G67 B.052 C 087 D.g41

Answer is 1D, as Polsson’s Ratio is between 8 and -0.5. You do not need to do the caleniarion here. Negative sign is commonly omitred,

4-16
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5 STATICS

Fundamentals of Engineering (FE) CIVIL Exam Specification. mentions, 7-11 questions may
appear in the exam based on Statics as follows:

A. Resultants of force systems
B. Equivalent force systems
C. Equilibrium of rigid bodies
D. Frames and trusses

E. Centroid of area

F. Area moments of inertia
G..Static friction

Please be advised that Statics is a very important topic as a few other areas, such as Mechanics of
Materials, Structural Analysis, Fluid Mechanics, etc. are dependent on Statics. Therefore, a very
clear knowledge of Statics is expected. The details of Statics are discussed herein with numerical
problems.

Resultant Force — Vector Method

A force is a vector quantity. Tt is defined when its (1) magnitude, (2) point of application, and (3)
direction are known. Vector method works well for three-dimensional force systems.

The vector form of a force is given as: F' = F.i + ﬁ;_}:

In three-dimensional system, Fe= F_;f + F;} + F I

where: F Fcos (9 and cos g, = F , similar for yand z directions.

F
The magnitude of the force can be determined as: F = [F’ + Fyz + I 2

If there are several forces, ﬁ.', s 1‘_5-.'2 etc. then, their resultant is
R=(B + P+ N + (B, + B+ JF+ (R + B+ JE
Force resultant (R) can be determined as:

R=\J(F +Fp + (5, + By v F +(F + F + )

. .. . -1
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Resultant Force — Rectangnlar Component Method

The resultant, F, of n foices with components £ and £ has the magnitude of

3]

The resultant direction with respect to the x-axis is 8 = tan " <
o]

Rectangular component method works well for a two-dimensional force system for any number
of forces. However, if the number of forces is two, then the Parallelogram Method is easier.

Resultant Force — Parallelogram Method

To determine the resultant of a two-force system, Parallelogram can be used more reasonably. It
may be easier/quicker than any other method for a two-force system, Parallelogram can be
described as follows:

Let us assume that two forces, Pand Qare acting at Qin a plane along OA and OB, respectively,
with an angle of a. If a parallelogram OACE can be drawn such that OCis the diagonal. Then,
the diagonal OC can be represented as the resultant (&) of the two forces, Pand @Q which are
acting at Oin a plane along OA4 and OB, respectively.

Then, the resultant (&) can be expressed as:
R= \/PZ +0® +2P0cosa
If the angle between the force (P) and the resultant (&) is &, then it can be expressed as:

9=tan'"'[ Osin )

P+Qcosa

Please note that the force system in which the lines of action of the applied forces meet at one
point is called a concurrent force system.

. .. . 5-2
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Problem 5.1

The component of a 230 N force along the x-axis is 200 N. The angle between the x-axis and the
230 N force is most nearly:

A, 300 B. 40° G2 D. 33
Solution: A
F =Fcosd
0= cos“"(ﬂ] = cos“[@} =30°
F \ 230N
Problem 5.2

Two concurrent forces are acting at a point as shown below. The magnitude and the direction of
it (with respect to 900 N force), respectively, of the resultant are most nearly:

360 N

45°
SO0 N

Y

A) 1,109N, 14.43"
B) 1,213 N, 14.43°
C) 1,182N, 12.43°
D) 1,324 N, 21.43"

Solution: C

Using the parallelogram law, B= P2 + 0% + 2P0 cos @
R=4/9007 +360 +2(900)(360) cos 45 = 1,182 N

amtan"‘( Osina ]: tan,.,,( 360sin 45 ]:12._43ﬂ

P+Qcosa 900+360c0s45

Problem 5.3

Three coplanar forces are acting on a point as shown below. What is most nearly the magnitude
and direction (with respect to 900 N force) of the resultant? The 900 N and the 200 N forces are
acting along the horizontal and the vertical directions, respectively.
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360N

200N

45°
p SOON

A) L110N, 14°

By 1,213 N, 14.43°
C) 1,182N, 12.43"
D) 1,241 N, 21.5°

Solution: D

We would use the Parallelogram Law, if it had two forces.
Rectangular Component Method:
x-axis is positive in the right direction; y-axis is positive in the vertical upward direction.

ZF‘_ = F cos§ +F, cos ), + F; cos 6, =900cos0+360cos45+200c0s90 =1L 155 N
ny = F s @ +F, sin 6, + F;sin & =900sin 0+360sin 45+ 200sin 90=455N

Resultant, R = \](ZR)2+(ZFy)2 =L 155% +455° =1,24IN

alo .
Direction of resultant with £, § =tan™ (Z y) =tan " :}-15— =21.5" (I Quadrant)
(>F) 1,155
455N 1,241 N
21.5°
1,155 N

Problem 5.4

Three coplanar forces are acting on a point as shown below. The magnitude and the direction.
(with respect to 900 N force), respectively, of the resultant are most nearly:

360N
200N

60’ 30

> 900N

A) L1I0ON, 14°
B) 1,213 N, 14.43°
Q) 1,167N,17.6°
D) 1,340 N, 20°

. .. . 54
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Solution: C

x-axis is positive in the right direction; y-axis is positive in the vertical upward direction.
Zﬁ; = F cos @ +F, cosf, + F,cosf, =900cos 0 +360cos 30 -200c0s60=1,112N

>"F, =Fsin 6, + F, sin 8, + F, sin 6, =900sin 0+360sin 30-+200sin 60=353 N
b ,r.;)z_...‘ (ZF, ) =L1127 4353 =1,167 ¥

Resultant, p_

Direction of resultant with 900N, . .

353N 1,167 N

176
LII2N

Three coplanar forces are acting on a point as shown below. The magnitude and the direction
(with respect to 100 N force), respectively, of the resultant are most nearly:

Problem 5.5

60N
/{
800 N

A) L11IN, 140"
B) 708N, 250°

C) 1,112N,170.6°
D) 1,340 N, 250°

Solution: B

x-axis is positive in the right direction; y-axis is positive in the vertical upward direction.
ZFI = Fcos 6, + F, cos, + F, cos &, = 100cos 0+ 60c0s30—800cos 60 =243 N

> F, = F sin 6, + F, sin 8, + F, sin 6, =100sin 0+ 60sin 30—-800sin 60 = -663N
Resultant, R=J(3 F,F +(3 F,F = /(248)" +(-663) =708 N

!|ZFJ‘ - tan“'\_()& | =69.5°=2495"
48]

12F|

Direction of resultant with 100N, @ = tan’
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248N

663N

Problem 5.6

A weight of 9 kg is hanging from one end of a uniform rod of 12-m length. If the rod rests
horizontally on a pole at 5.25 m from that end, the weight of the rod is most nearly:

A, 65kg B.61kg C. 63 kg D.47.25kg
Solution: C

The weight (W) acts at the center. Consider the summation of moment at the pole, then,
W= 9 kg (5.25m)/0.75 m = 63 kg.

W l Ykg

P 525m
075 m = |

Equilibrium Requirements

From Newton’s Third law of motion, we know that every action has its own and opposite
treaction. That means, if you apply a force to a wall it will react with an equal amount of force on
you. Therefore, action is equal to reaction. This is called equilibrium. If we sum up this action and
its reactions in a direction, it will be zero, as these two are numerically equal but the signs are
opposite. Thus, we can write. the following three equations for two dimensional conditions:

2. F: =0 (the summation of force along the xdirection is zero)
3. Fy = 0 (the summation of force along the y~direction is zero)
2..M =0 (the summation of point of a body is zero)

For three-dimensional conditions, we need to add z-axis. Moment is defined as the force times
the perpendicular distance. If a force, Facts at d distance from a point, 4, the moment.at point A
can be determined as M = F*d. The direction in counter-clockwise is considered positive.
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Free body diagrami is essential to apply the equilibrium equations. Free body diagrams are one of
the most important materials for you to know especially how to draw and use it in statics and
other subjects. This diagram shows all external forces acting on the body. We do not show the
internal reactions. Free body diagram is key to the equations of equilibrium, which are used to
solve for the unknowns (usually forces or angles).

Procedure to draw the free-body diagram:

1. Imagine the particle to be isolated from its surrounding supports or restrained.
2. Show all the forces (active and reactive) that act on the particle,
Active forces: They want to move the particle.
Reactive forces: They tend to resist the motion.
3. Identify each force and show all known magnitudes and directions. Show all unknown
magnitudes and / or directions as variables.

Let us see an example:

The following beam is supported by two supports: the left one is pinned and the right one is
roller. A point load is acting on it as shown below.

ll-.aad

222

To draw the free body diagram of the beam the restraints on it (the two supports) must be
removed and the all forces and reactions are to be shown. Therefore, the free body of the beam

lLaad
A e

s o

Here, A: and A, are the reactions at A by the pin support along the x- and y-directions
respectively; By is the reaction along the y-direction at B. Note that pin support restrains
translation in both orthogonal directions. Roller support resists movement in one direction. There
are broadly three kinds of supports: roller, pin, and fixed. Roller support resists translation of a
member in one direction. Pin support resists translation in both orthogonal directions. Fixed
support resists translation in both orthogonal directions and the rotation.

can be drawn as:

Problem 5.7
A couple consists of which type of forces?

A. Equal, opposite, and nonparallel
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Unequal, opposite, and parallel
Equal, and parallel

Equal, opposite,.and parallel
I'don’t know it

B.
C.
D.
E.

Solution: D

Problem 5.8

The reactions at the left support of the following beam are most nearly:

124 !
A. 0, 80 kips B. 0, 60 kips C. 0,70 kips
Solution: D
3% (20 kips/fe)(12 ) = 120 kips
Ax
A 126 5,
TR =0 Y M, =0
® Ax= > 120 kips (4 ft) - A (12 f) = 0
= Ay =40 kips
Problem 5.9

The reaction (kips) at the right support of the following beam is most nearly:

5 kips/f

81t

130 kips

A. 2567 B. 32.67 C. 36.67
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Solation: B

5 kips/fi(8 15} = 40 kips

XM, =0
2 40k(4ft) +30k{11ft)- B (15f)=0
= B, =32.67 kips ,.

Problem 5.10

The moment (kips-ft) developed at the fixed support, A of the following beam is most nearly:

5 kips

&0

Joa

124

44.5
38.2
43.5
- 525

Sowp

Solution: A

24

F
b

> M, =0
= - M+5sin 60 (12 ft) -5 cos 60 (3 ft) = 0
: = M= 44.46 kips-ft
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Problem 5.11

The reactions developed at the left support, A of the following beam are most nearly:

SO kN

A. (32,35) kN
B. (52,32) kN
C. (23,53) kN
D. (22,35) kN

Solution: A

3% (6)(6) = 18 kN

L
| |

i 4

S0kN

$
[ T——

YF.=0 =>  A«—50cos50=0 = Ae=321kN ()

> M,=0
= Ay (13 ft)— 50 sin 50 (10 fr) - I8 kN (4 ft) = 0
= Ay=35kN(7)

Problen 5.12

What is the reaction at B, the right support of the following cable system? The length of the BD
cable is 80 fi. The difference in elevation between A and Bis 15 ft.
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30 kips
50 kips
b ol o
“won ; 4H5q 60 ’
A. 458 kips B. 50.8 kips C. 55.8 kips D. 40.5 kips

Solution: B

.
e

60 £ !

XM, =0

= 30k (40 ft) + 50 k (85ft) — T» (2.65/4) (145 fv) - 75 (3/4) (15ft) = 0
= 5,450 -107.31 Tx=0

= Tx=50.8 kips

Problem 5.13

The vertical reaction (kips) at F, the right support of the following truss system is most nearly:

o

C ol 20 kips
\ 8%
AN B+
7 #
E 57 D F
; _10& e
A. 30 (up)
B. 30 {down)
C. 20 (lef)
D. None of the above
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Solution: B

b
C < 20 kips
&
A {8 .
Ve ia
£,
- A F
10 TF,

S M, =0
= 20k(15ft)+ £ (10ft) =0
= Fr=-30kips

= Fy= 30 kips (down)

Problem 5.14

A 90-kg man is hanging using a cable system as shown below. The tension at the cable BC'is most
nearly:

gt g et
Pl b ettt

A. 63kg B. 73 kg C.83kg D. % kg
Solution: C
Tac .
S s
M+ =583

. .. . 512
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ZF; ={} (<-+ve) ZP‘ z=() (T +ve)

ERWNE {3 3) .
= TA(T(%] - 13(:{“5") =0 = TAC[S_—SS“) + Tst:'[gj -90=0

= 0.8577T,. =0.8T,. = 05157, +0.6T,, =90

= T, =09337,. = 0.515(0.9337,,) + 06T, =90
= 1.087,, =90
= T,=83.33 kg

Problem 5.15

point with respect to the left support are most nearly:

560 fv 10 kN/ft l 11“ .

80 kN, 5.25 ft
110kN, 5.25 ft
80 kN, 2.25 ft
110 kN, 4.25 f

DOEe

Solution: A

configuration can be shown as follows:

50 £ N 304N

‘Both the loads are parallel. Therefore, the resultant is 30 + 50 = 80 kN.

A structural beam has the following loading configuration. The resultant of the load and its acting

The equivalent load of the triangular loading is %2(10 kip/ft)(6 ft) = 30 kN. The loading

To determine the acting point of the resultant with respect to the left support, we need to take
moment about the left support. Again to remind you, the moment created by the load group with
respect to a point is equal to the moment created by the resultant with respect to that point. Let

us assume that the resultant acts at ‘¥ distance from the left support, then —

@seismicisolation
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S0 kN

S0 fN 30 kN

i
I

80 kN (x) =50 kN (3 ft) + 30 kN (9 ft)
= x=525ft
The equivalent load is 80 kIN and it acts at 5.25 fi from thie left support

Problem 5.16
The following cantilever beam is supporting three types of loads. What is the equivalent

concentrated load and its point of action with respect to A4, which will cause the same reactions at
the support?

12 kips & kipsift

”,,\,
ba
L%
)z
le—
—
ﬁ
iy’
«
I
£

L
| .
]

42 kN and it acts.at 5.42 ft from the support
32 kN and it acts-at 5.42 ft from the support
24 kN and it acts at 7.42 ft from the support
24 kN and it acts at 5.42 ft from the support

v OFEPR

Solution: D

2Fy =12 kips + Y2 (8 kips/ft) (3 ft) = 24 kips
Moment at A caused by the resultant and by the load group will be equal.
24 kips (x) = 12 kips (2 ft) + 22 k-ft + ¥ (8)(3) (7 ft)
x= 542 ft
The equivalent load is 24 kN and it acts at 5,42 ft from the support

Problem 5.17
A three-hinged arch is supporting two loads of 20 kips, and 30 kips as shown below. The

supports, A and Bare pinned supports, and Cis pin joint. The reactions (Cy, and .(3) at the interior
hinge, C'regardless of directions are most nearly:
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Ry > B
e AR
la e . " H

4ft 4t N Y

12 kips, 0.63 kips
17 kips, 1.63 kips
17 kips, 2.63 kips
17 kips, 0.63 kips

50 w»

Solution: D

Step 1. Consider the whole structure

Y Mi = 0 {clock-wise moment positive)
30 kips (3 ft}-+ 20 kips (12 ft) - B, (16 ft) = 0
By = 20.63 kips
Step 2. Cut at C'and consider the right part:
¥ Me = 0 (clock-wise moment -+ve)
20 kips (4 ft) - Bv (5 ft) — 20.63 kips (8 ft) = 0 Cs
c

20 kips

Be=-17 kips-

YFE=0{— +ve) _
Cx+ Be=0 j
(i =—Bv=—(-17) = 17 kips ooag U ap |
2Ey =0 (1 +ve)

G+ B—20=10

Cr=20— By = 20— 20.63 =~ 0.63 kips

By« 20.63 kips

Problem 5.18

A 20-kips sphere is supported by two rigid planes shown below. The plane, A8 is inclined with
the horizon at an angle of 35° and the other plane AC is vertical. The joint of ABand AC are pin

. .. . 5-15
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‘connected. If the contact surfaces are frictionless, what is the forces exerted by the spherical body
on the planes AB and ACrespectively?

Vertical Wall

2.5 kips, 6.3 kips

24.42 kips, 14 kips
14 kips, 24.42 kips
18.42 kips, 8.6 kips

SR SRS

Solution: B

Let us apply, & 7 = 0 in the free-body diagram of the spherical body only. The reason for
choosing ¥ £ = 0 is that there is only one unknown force (Rs) in y~direction; in x-
direction, there are two unknown forces (Ac and component of Rx).

SF, =0 (T +ve)
Rrcos35 - 20 kips =0
Rp=24.42 kips

S F, =0 (=>+ve)
Rzsin35 — Rc=0
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Re=14 kips

Problem 5.19

A 30-inch wheel is to be rolled over an obstacle of 7-inch high as shown below.. The wheel load is
300 1bs. If the pushing force of 200 b is applied as shown below at an angle of 40° with the

ground, the factor of safety against overturning of the wheel over the obstacle is most nearly:
Resisting Moment
Overturmng Moment

Factor of Safety=

2.2
3.33
4.44
5.55

oS0

Solution: C

Step 1. Draw the free-body diagram
200 I

i

3600-tbs

Step 2. Apply equilibrium equations.

Radius, OC= 15 in.

CA =BC—-AB=15-7 =8in.

OA=NOC? — AC* =15 - =12.69in.
Overturning Moment about O = 200 cos40 (8'in) =1,226 1b-in.
Resisting Moment about O = 200 sin40(12.69 in) + 300(12.69 in) = 5,438 Ib-in

ResistingMoment 5,438

Overtumning Moment 1,226

Factorof Safety =

@seismicisolation
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Centroids of Areas

The centroid (or the center of gravity) of an object is the peint where the masses of all grains of
the object orients. For example, the centroid of a circular disk acts at the center; the centroid of a
square/rectangle acts at the intersection of the diagonals. The determination of centroid is
essential for determining the centroid of distributed loads, and to determine the moment of
inertia for composite sections.

;_ZxM _x A x4, -
YA A+ A+

;:.ZyM :y!A1+y2Az+'"
YA A+ A

For composite section, it is to be divided into several regular parts for which the centroid is:
known.

Moment of Inertia

Moment of inertia (/) is a geometric property of a section which controls the deflection and stress
carrying capacity of a section. The higher the moment of inertia, the lower the possible deflection
and actual stress level in beam. It also helps columns to resist buckling. Although calculus is the.
most accurate method of determining the moment of inertia, use the following equations for

simplicity:

. . . j 2
Moment of inertia about x-axis: 1, = Zy AA

Moment of inertia about y-axis: [, = ZxZAA

From the above equation, the [value is mathematically second moment of an area. The above
equations can be used for [-values for regular sections (square, rectangle, circulat, and so on) or
summation of several regular sections. For irregular section, calculus is the only method to do it.
However, in civil engineering related structures, most of the sections are either regular or the
summation of several regular sections.

Parallel Axis Theorem for Moment of Inertia

Moments of inertia of a composite section is typically determined at the centroid of the section.
Therefore, the Fvalue determined for a smaller part of a composite section is needed to transfer it
the centroidal parallel axis. It can be conducted by using the parallel axis theorem, which is
expressed as follows:

L=Y T+ Ad
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L = Moment of inertia about the major centroidal x-axis; (in.* or mm?)

L = Moment of inertia about its own centroidal x-axis; (in.* or mm?)

A = Area of the component; {in.? or mm?)

dy = Perpendicular distance between the major centroidal x-axis and the parallel axis that
passes through the centroid of the component; (in. or mm)

Similarly, for y-axis, I, = ZI e +2Adx2

For a rotating member, such as the shaft of motor, the polar moment of inertia is required to
determine the stress. Polar moment of inertia (/) can be written as:

J=L+l
Radius of Gyration

The radius of gyration expresses the relationship between the area of a cross-section and a
centroidal moment of inertia. It is a shape factor that measures a column’s resistance to buckling
about an axis. The radius of gyration of a cross-section (area) is defined as that distance from its
moment of inertia axis, at which the entire area could be considered as being concentrated
without changing its moment of inertia. Radius of gyration is calculated as:

!,

Radius of gyration about x-axis, ¥, =4/—

A
I

EI’:

Radius of gyration about y-axis, r, =

Polarradius of gyration about z-axis, Fr;, = \/‘ 1/

The NCEES FE Ref. Handbook lists centroid, moment of inertia, and other parameters of several
regular sections. This table is very important. Read the table carefully and make sure you can use
all the equations if required.

Problem 5.20

The centroid of the following section is most nearly:

[ou

‘ 12in. Y2
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A. {6, 3)inch
B. (6.5, 3) inch
C. (7,3) inch
D. (7.5, 3)inch

Solution: B

L] B!
S o

12in Zin,

Then, the centroid _(J_C,)_)) can be calculated as:

RN
- ©6)(12 6)+[12+ ----- 2-))(-—--.1:&2)
o2 xd rnd, = 39\ ~651in

DA A +4

[2x6+ %(6)(2)

(3)(12x6) + (3)[%- x6x2] |
= =3m

(12x6)+é~ 6)(2)

P= Z.yAA - YA +y,4,
D A4 A+ 4,

(By visual inspection, it can be seen that y =3 inch)

Problem 5.21

'The moment of inertia of the following symmetric W-section with respect to the centroidal x-
axis is most nearly:

22in

18 in
A. 8,196 in¢ B. 7,196 in* C. 9,196 in* D. 10,196 in*

Solution: A

. . . 5.90
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To determine the I-value about the centroidal x-axis, first the centroid needs to be determined.
This is a both way symmetric section. So, the centroid is Jocated at the intersection of both
symmetry lines, i.e., at (9, 11) inch with respect to any corner. Then, the section is divided into

smaller regular parts, 1,2, and 3.

I-value about x-axis:
b 18(2)
Partl: [ =——= 18(2) =
12 12.
This I-value is about the local x(1) axis; it must be transferred to the centroidal x-axis. To

do it, A, must be added to'it.
Ad} = 8x2)(10)" = 3,600 in"
Part 2: Like part 1.
208y

Part 3: [, == =972 in*; x(3) axis is already at the major centroid. Therefore, no
2 12

transformation is needed.
The combined Fvalue, [, =2(1 ,, + A]d-il_)-+ Iy = 2(12+3,600)+972=38,196 in*

As parts 1 and 2 are symmetric. Therefore, 2 was multiplied with the value of part 1.

12 in”

Problem 5.22

The moment of inertia of the following symmetric W-section with respect to the centroidal y-

axis is most nearly:

22in

i8in

A, 1,956 in!
B. 2,196 int
C. 1,796 in!
D. 2,396 in?

@seismicisolation >
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Solution: A

The y-axes of all these three parts coincide the centroidal y-axis.
3 3 3
- 2(18) N 2(18) N 1&(2)
12 12 12

I=I+1,+1, ~1,956 in’

Problem 5.23

The moment of inertia of the following symmetric T-section with respect to the centroidal x-axis
is most nearly:-

5 18 in

20 in

2,284 in*
2,874 int
1,278 in*
2,784 in*

=

Solution: D

To determine the Fvalue about centroidal x-axis, first the centroid needs to be determined.
- A + 3,4, ~ 9(2x18)+19(18x2) _324+684 1,008 _

: 14in
A+ A, (2x18)+(18x2) 36+36 72
Then the section is divided into smaller regular parts, 1, and 2.
5 18in

2:'4

3 3
Pal’t 1_: Ix”) :—l& = -2-—(}-§-—)—~
' 12 12
This I-value is about the local x(1) axis; it must be transferred to the centroidal x-axis. To do it,
Ad;, must be added 1o it.

Ad? =(18x2)(14-9)* =900 in*

=972 in*

@seismicisolation
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b 18(2)°
Part2: 1, ST

must be added to it. 4,47, =(18x2)(14—19)' =900 in*
The combined I-value, I, =1, + Ady, + 1., + Ad, =972+900+12+900 =2,784 in*

=12m*; It muz;.t be transferred to the centroidal x-axis. To do it, A,d ;2

Problem 5.24

The radius of gyration of the following symmetric W-section with respect to the centroidal x-axis
is most nearly:

22in
3
18in
A, 7.8in B.8.7in C.69in D.98in
Solution: B
. 1, =21 g, + Ad2)+ I, =2(12:43,600)+ 972
24

'i =8,196 in*

[ [s6 .

18 in J'I :J‘; - "{'{_BT :8.7 1,

2 i_ni

18 in

Problem 5.25

The radius of gyration of the following symmetric W-section with respect to the centroidal y-axis
is most nearly:

2ir¢

22 in

2in)

18in

A, 43in B.63in C.83in D.331in
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Solution; A

2(18)3 2(1 8y 1_8(2)3

=1, 1, + 1, =1,956 in*
12 12
J7 ,’195 =4.26 in
108
Problem 5.26

The radius of gyration of the following section with respect to the centroidal x-axis is most
nearly:

18 in

2 in
A. 2.26in B.4.22 in C.6.221n D.8.22in
Solution: C
| 18in. , pudidhityd 9(Rx18)+19(18x2) 3244684 1008
o - A+ A, (2x18) + (18x2) 36+36 T2
I =1+ Ad’ +1 o + Ad®, = 9724900 +12+900 = 2,784 in*

z\/;/zz;sf_,:ﬁ_m
A 72

Problem 5.27

What is the radius of gyration of the following hollow section about the centroid x-axis as
shown? The outer diameter of the section is 7 ft and wall thickness is 1 ft.

A, 215k B.3.15f C.415f D. None of the above
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Solution: A

4 4
Moment of inertia about x-axis, /, = %L- - % = %(3_54 ~2.5)=87.201"
Radius of gyration, r = \j£ = ——---§;—%——-—-2—- =215 1

A4 (35 -2.5)

Problem 5.28
Where is the center of a parallelogram located?
A. Equal distance from all four sides
B. At halfthe distance of the long side
C.. Ar the intersection of the diagonals
D. None of the above
Solution: C

The mass center of a parallelogram is located at the intersection of the diagonals. If you
support a parallelogram at the intersection of the diagonals, it will be stable.

Problem 5.29

Which technical term represent the relationship between the area of a cross-section and a
centroidal moment of inertia?

moment of inertia
radius of gyration
width to thickness ratio
length to width ratio

N
4

What is most nearly the moment of inertia (m?) of the following rectangle about the x-axis, 2 m
below the base of the rectangular section?

CDOwE

Solution: B

Problem 5.30
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10 m

A. 583 B. 4,013 C.2,354 D. 5,621
Solution: B

The Fvalue of the rectangular section about its own centroidal x-axis is —
[ bi 7310y
12 12

This f-value is to be transferred to the x-axis which is 2 m below the base of the rectangular
section. Therefore, Ad* must be added to it as follows ~

I, =1+ Ad® =583+(7x10)(7)* =4,013 m*

=583 m*

Friction

The largest frictional force is called the limiting friction. Any further increase in applied forces
will cause motion.
FsusN
F=frictional force
s = coefficient of static friction, and
V= normal force between surfaces in contact

Problem 5.31

A1lmx1mx1m block is resting on a horizontal surface as shown below. The density of the
block.is 2,000 kg/m?. If a force of #= 5 kN is applied, will the block move if coefficient of static
friction is 0.37

o L.

Wm@

. .. . 5-26
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A, Yes
B. No
C. More data is needed to determine

Solution: B
Normal reaction to the surface, N = W=pgV'= (2,000 kg/m?)(9.81){1 m?) = 19,620 N
Maximum frictional force, Fr=uN=0.3 (19,620 N)=5,886 N =59 kN
Driving force, F=5kN < Fr

As Fr> F, the block will not move.

5kN '
¢W

WW;W&;W
| ey

Problem 5.32

A2 mx2mx2m block is resting on an inclined surface as shown below. The density of the
block is 2,000 kg/m?. Most nearly, at what inclination (6}, will the block intend to tip over?

A. 30° B.40° C.45° D. 60°

Solution: C

Tdking a moment about the tipping point, which is the lower bottom point of the block:
Resistive moment: W {(cos&)(1m)
Over turning moment: (s &)(1m})

5-27
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At the moment of intending to tip, Resistive moment = Over turning moment
= W(cos&)(1.0m) =W sin 6(1.0 m)

= tanf=1

= @=45°

Problem 5.33

A1mx1mx1mblock is resting on an inclined surface as shown below. Most nearly at what
inclination {8, will the block intend to slide?

A 14° B.17° C.21° D. 30°

Solution: B

As shown above, Normal reaction to the inclined surface, N = Wcost
Friction force, Fr= uN = uWeosf= 0.3Wcosb

Driving force, F'= Wsin8

At the moment of sliding, Friction force=Driving force

= 0.3 Weos8 = Wsinf

= tan@=03

= §=16.7°

Belt Friction

If a belt is used to pull an object over a pulley with no friction, the belt force at the two ends are
different. The force (#) at the tight end can be expressed as follows:

T
F, = Fe"

where

Fi = force being applied in the direction of impending motion
F2 = force applied to resist impending motion

. .. . 5-28
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4= coefficient of static friction, and
= the total angle of contact between the surfaces expressed in radian

As, Fr > F» the above equation is also written as: 7} T et

righ = Ly

For a frictionless pulley, forces at the both sides of the pulley are equal, /7 = £
Problem 5.34

The minimum force, T to Lift the 150-1b man is most nearly:

p=02

A, 1501b B.801b C.2801b D.100 b
Solution: C
To lift the man, * 7 will be hi gher than the man’s weight.

Tiow= 150 1b-
Ty =Tre"" =1506°%%) = 150(1.87) =281 b

Problem 5.35

The minimizm force, 7'to hold the 150-1b man in position is most nearly:

M= az

1504

A. 1501bs B. 80 1bs C. 280 1bs D. 100 Ibs

Solution: B

To hold the man, ‘7 will be lower than the man’s weight.
Thign= 150 1b
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I*;fgh = T;awe e = 7Iowe 02X} - 150 Ib
Tiow=150/1.87 = 80 1b

Problem 5.36
A weight of 100 kg is to be lowered over the quarter-circled rock cliff with a constant velocity.

The frictional coefficients are also shown. The force required to do this operation is most nearly:

T Hs =04

100 kg

716 N

1344 N

981 N

None of the above

SOw

Solution: A
= = 0.2 (as the body will be in motion}
=90 = n/2
T = Tiow as the body is te go-down
];:ig."! = T eﬂ

Few’

WMQﬁmU=%ﬁM&}

981 N = Thw (1.37)
?}olv = 716 N

Prcoblem 5.37

For the following frictionless pulley system, what is the tension at the hangers A and B
Tespectively?

. .. . 30
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A. 160, 160 lbs.
B. 160, 320 Ibs
C. 320,160 lbs
D. 320,320 lbs
Solution: C
.Using the principle, _‘Same:-_Cablé‘ Same Force™
‘From the left pulléy: T'= 1601b
From the right pulley: T = F= 1601k
Appiymg_- 3 F = 0vin the left pulley
T4 = T+ 160=3201b
160 1b
Remember: same cable, same force in a frictionless pulley.
Problem 5.38

A uniform plank of length of 4 fr has mass per unit length 4 Ibs/ft and is held up in-the air
horizontally by light inextensible strings tied to each end of the plank. Each of these strings is
attached to a small light pulley which is connect to two large pulleys by a single string as shown
in the figure. If there is no friction, what is the T'required to keep the system in equilibrium?

A. 41bs D. 24 1bs

Solution: A
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Statically Determiinate Truss

A truss is a structure consisted of pin-connected two-force members. Two-force member means
that it sustains either tension or compression, not moment. The self-weight of the member is
either neglected or assumed, acting at the ends only. As pin-connected members, the members
cannot sustain moment. Some of the members in trusses are zero force. members. This means the
member is not designed to-carry any load. However, this member is provided for safety if the load
conditions change and to provide additional stability, There are two rules to finding the zero
force members:

Rule 1. If two non-collinear members form an unloaded joint, both are zero-force
members.

Rule 2. If three members form an unloaded joint of which two are collinear, then the
third member is a zero-force member.

A two-force body in static equilibrium has two applied forces that are equal in magnitude,
opposite in direction, and collinear.

Method of Joints

In the method of joints, each joint is considered an equilibrium problem, which involves a
concurrent force system. A free body diagram of each joint is constructed and two force equations
of equilibrium are written to solve for the two unknown member forces. Let us review the steps
for the joint method:

Step 1. Isolate a joint from the truss that contains no more than two unknowns.

Step 2. Draw a free body diagram of the joint and solve for the two. unknown member
forces by satisfying the horizontal and vertical conditions of equilibrium.

Step 3. Select another joint (usually adjacent to the joint just completed) that contains no
more than two unknowns and solve the two conditions of equilibrium.

Step 4. Continue this process until all member forces are found.

Step 5. External support reactions may not be required to find out.

Method of Sections.

The second method of analysis is called the section method. The method of sections is a
particularly useful analysis technique when only a few selected member forces in a truss are
desired. In the method of sections, an imaginary section cut is passed through the truss, cutting’
members, which includes at least one of the members of interest. The truss is now cut into two
parts and a free body diagram is constructed of either section. Since all forces in the free body
diagram are not concurrent at a common point, this constitutes a rigid bady type problem, and
three equations of equilibrium may be written. These three equations of equilibrium can solve
the only three unknown member forces.

. .. . 5-32
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Problem 5.39

The zero-force member(s) of the following truss is(are):

D
C <+— 20 kips

R

A, AE B. ED cC.CPb D. All of the above

Solution: D
AFEand ED are zero force members by Rule 1.
CD1is a zero-force member by Rule 2.

Problem 5.40

The zero-force member of the following truss is:

A L Gl s, B

A. AF B. BC C.CF D. None of the above

Solution: C
CEand CFare zero force members by Rule 2.

Problem 5.41

The zero-force member(s) of the following truss is(are):

20(N 5 20kN
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. AE
. BC

A
B
C. CE
D. None of the above

Solution: D

None of the members is a zero-force memiber. Joints 4, B, £ and Fhave loads on these.
Therefore, members. associated with these joints might have forces. Joint D has three
-members with no load; however, no two members are linear. So, the associated three
‘members may not be zero-force member. Joint C has five members; no zero-force
member can be found from this joint.

Problem 5.42

What is most nearly the member force at CEof the following plane truss?

10 kips 10 kips
e D" YE
0#
N 10k 0 106 v
20 kips
A, -20 kips B. 14 kips C. -28 kips D. 28 kips
Solution; D

Considering joint C:

D F, =0(T+ve)

Fop [%] -20=0
= For=283 kips (Tension)

For
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Problem 5.43

The member force at CBof the following plane truss is most nearly:

10 kips 10 kips

'y D‘r . “-r E

10t

| Aﬁ,«fr sz B ©

" 10 " 0% v
20 kips
A. 40 kips B. -20 kips C. -40 kips D. 28 kips
Solution: B

Considering joint C:.

ZF; =0 (—=>+ve)

1
. = - F};(‘ - FEJ(;/E_) =0
=  Fer=28.3 kips. (Tension) ©  Fhe=-28.32 = - 20 kips

Problem 5.44

What is most nearly the member force at. BE of the following plane truss?

- VIOkr}Js 10 kips :
D
108
A% B c
: 108 B 10# v
20 kips
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40 kips (T)
50 kips (T)
50 kips (C)
28 kips (C)

Sawp

Solution: C

10 kips 10 kips > M, =0
1 DY YE 10 kips (10 ft) + 20 kips (20
ft) - B, (10) =0
By =50 kips
10f
“J'"'Aﬂ--a ' , N
A 3 :
! 108 ) 104 v
7 20 kips

Considering joint B:

S'F, =0T +ve)

Fee+50=0
A For Fre= - 50 kips
- B I
- A >
50 kips
Problem 5,45

The member force (kips) at BE of the following truss is most nearly:

C. <«—— 20 kips
08
B
A «—~— 20 kips
108
E/\ €'
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A. 56.6 (T) B.56.6 {C) C.28.6 (T) D.33.2 (C)

Solution: B
D Consider the upper part of the cut section:
C «—1— 20 kips
Fo=0 (¢ +ve)
104 z 1
Fo| ~== |+20+20=0
< 20 ki M(ﬁ]
A Nl ps > By -40v2 = - 56.6 kips
A= | r0s
£ o,
o s B
| Sk
e
Problem 5.46

The following truss is supporting two loads. The member forces at C1), and CFare, respectively —

20N £

C G 5
H

A # ! _ ! -
L, D F H s

. 6.5kN (T), 16.67 kN (T)
0 kN, 16.67 kN (C)
0 kN, 16.67 kN (T)
16.67 kN (C), 0 kN

gowp

Solution: B

First, considering the joint ~ D, and applying Y7 = 0, it is found that CDis a zero-force
member. Next, consider the following section:

@seismicisolation 5.37


https://t.me/seismicisolation

3
I 4t D ;‘

>Mat A =0 (assuming clock-wise moment is positive)
20 KN (4 ft) + Fer (3/5) (4 ) + For (4/5) (3 ft) = O
For=-16.67 KN

Problem 5.47

The force (kN) in member AC of the following truss is most nearly:

'
) 40 kN
Im
4 o )
e 4m B
i i
A, -50 B. 20 C.30 D. 40
Solution: C
(..‘
Fac
>F=0
4
P}sr"["} +40=0
5
FBC =--50 kN

ZF . =0 ('T‘ +-ve)

3
M

F =~ 50@] KN =30 kN
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Internal Reactions

Internal reactions develop inside the member upon applying external loading. The internal
reactions are internal moment, shear force, and normal (axial) force. It is important to determine
the internal moments, shear force and axial force at ary point in a beam structure. These values
can then be used design the beam. In this section, the internal loads (moment, shear and axial)
will be calculated for a specific location. If left part is considered the counter-clockwise moment
is considered positive. On the other hand, if right part is considered the clockwise moment is
considered positive. Similarly, downward V'in the left part and upward Vin the right part are
positive. Normal force is always assumed positive (tension) away from the member. The shearing
force and bending moment sign conventions can also be described as follows:

» The bending moment is positive if it produces bending of the beam concave upward
(compression in top fibers and tension in bottom fibers).

s The shearing force is positive if the right portion of the beam downward with respect
to the left.

Positive Shear
Right portion of the beam moves
downward with respect to the lefi

Paositive Moment
Compressive siress at the top fiber Positive Normal Force
Tensile stress at the bottom fiber Away from the member, elongates the member

Sign-convention for internal reactions

Problem 5.48

For the following beam, the developed internal moment (kips.ft} at €' is most nearly:

12 kips. 8 kips/fi

*
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Solution: D

12 kips 8 kipsifi

2.Mat B= 0 (assuming counter-clock-wise moment is positive)
Y2 (8 kips/f)(3 ft) (2 ft) + 12 kips (7 i) — A, (9 ft) = 0
Ay =12 Kips

S F =0 (—>+ve)
Ax= 0 as no lateral load
Cut at C'and consider the left part:

YMat C=0 (assuming clock-wise moment is positive)
~ Mc—12 kips 2 ft) + 12 kips (4 ft) = 0
Me= 24 kips-ft

Remember to take two calculators for the NCEES FE exam, One might not work during the exam. NCEES allows few
specific models of calculators. Check ncees.org website to learn which caleulators are allowed.

*  FEexam is held in January, February, April, May, July, August, Ocrober, and November
" FEexam allows an examinee to take the exam once during a 2-month window
*  FE oxam does not allow to take the FF exam more than 3 times during a twelve-month period

. - - - 5,,,40
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6 DYNAMICS

Fundamentals of Engineering (FE) CIVIL Exam Specification mentions, 4-6 questions may appear
in the exam based on Dynamics as follows:

A. Kinematics (e.g., particles and rigid bodies)

B. Mass moments of inertia

C. Force acceleration (e.g., particles and rigid bodies)

D. Impulse momentum (e.g., particles and rigid bodies)

E. Work, energy, and power (e.g., particles and rigid bodies)

The above-mentioned contents are categorized as follows.

Section 1: Kinematics of Particles
Section 2: Kinematics of Rigid Body
Section 3: Kinetics of Particles
Section 4: Kinetics of Rigid Body

Section 1: Kinematics of Particles

Kinematics is one of the major branches of Dynamics. It deals with the state of motion of a particle
without the consideration of mass and force of the particle. The motion can be rectilinear,
curvilinear, circular and so on.

Particle Rectilinear Motion

The velocity of a particle can be determined by dividing the displacement by total time, This
velocity is nothing but the average velocity. Howevet, the motion of the particle with time may be
uniform or non-uniform. If the motion of a particle is non-uniform, the moving path can be divided
jnto a number of elements, Each of these elements, drcan be divided by the time, drtaken to travel
this distance {(element) to determine the velocity. Then, the velocity of the particle during the

travel of this element can be expressed as:

V= dr or v = & if displacement is expressed by sinstead of

dt dt
Acceleration is the rate of change of velocity, and can be expressed as:
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& d*
q=—-——= ----—2—
dtde
v = the instantaneous velocity
a= the instantaneous acceleration

t=time

The displacement (), velocity (v), and acceleration (&) can be represented in vector form as follows:
F=xi+ Y+ zk
V=it + 2k
a=Xxi+ yj+ Zk

X=—=v and ¥=—==gq
;Y :

In summary, the expressions for acceleration and velocity for uniform and non-uniform motion
can be expressed as follows:

Variable, a Constant, 2 = ac
dv
s A
v:-(};- §=.9, +v0t+—2~act
ads = vdv v =v] +2a (s —s, )

Problem 6.1

A particle's motion is represented by 5 (t) =221 +£* -5t where sis in'm, and ¢tis in second. The

particle's acceleration (mn/s?) after 2 sec is most nearly:

A. 60 B. -60 C.58 D. -58
Solution: D
v - 1(221 +1° —51-3): 22424 —152
dt  di
a= id =2-30¢
dt

At t=2sec, a=2 - 30(2) m/s? = -58 m/s2
Problem 6.2

A particle's velocity is represented by v(z)=22+ 2t m/s, tis in second. The particle’s travel distance
{m)after 10 sec is most nearly

(write the answer in full number without unit such as 7 or 123 or 799 etc.)
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Solution: 320

ds
y=—
ddt

1] U]
o= |vat _—.J‘(22+2x)d: :[221%[2] =320m

0 n
Problem 6.3

A vehicle traveling at 50 miles per hour saw the yellow signal when it just approached the junction.
He knew that the yellow signal at that junction lasts for 4 seconds and the junction is 150 feet long.

The vehicle’s acceleration (ft/sec?) to cross the junction in time was most nearly:

A, 143
B. 168
C. 1792
D. No acceleration is required
Solution: I
50mph = 50 TS _ 50 ™I (5780 i [m-lmﬁ ~73.33 ft/s
hr hr mile A 3600 sec¢
S :S,, +.e‘:‘,e‘+_la;r2
2
1 2
150=73.33(4) +-£a(4)“ =293.33 + 8a
a=- 17.92 ft/s? [-ve sign means, even with this deceleration, the vehicle can cross it. So,
no acceleration is required]
Problem 6.4

A train starts from rest with an acceleration of 10 m/s2. Parallel to this train, a car starts at the same
time with uniform speed of 100 m/s. The train will overtake the car most nearly after:

A. 10s B.15s C.20s D.255s

Soluticn: C
‘[ - 1 )
Fortrain, s=vi+—at- =0+—-(10%7 £
) 2 2( 32)( .)

§=5¢2
For car, s = ve= 100 ¢
Equating: 100 =5 £
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£(5¢100)=0
t=0or 20 sec
Therefore, r= 20 sec

Problem 6.5

Two engine-driven boats are racing with velocities of 10 m/s and 5 m/s. Their accelerations are 2
m/s?and 3-m/s?, respectively. If the two boats reach the end at the same time, how long (sec) did
those boats participate in the race?

A. 10 B. 15 C. 20 D.5

Solution: A

I, 1 Ny, . 2
1# boat: § = —ai” =10 +=2 =10f +1°
For the 1% boat: s =v i + 3 at + 5 ( %2)(1‘ ) +

For the 2 boat: § = vt +%a2t2 =5t +;~(3 msg)(tz) =5t +1.5¢*

Equating: 10 £+ £#=5¢+ 1.5 &
= 052-5¢=0
= £0.5¢-5)=0
= ¢=0o0r 10 sec
Therefore, £= 10 sec.

Problem 6.6

A baseball moving horizontaily with a velocity of 30 m/s is hit by a bat at a right angle with the
ball velocity. As a result, the ball acquires the velocity of 50 m/s. The batting velocity is most nearly:

A 10 m/s B. 20 m/s C. 30 m/s D, 40 m/s

-Solution; D

R=50ms%

— _P=30ﬂ7/.5'

Using the Parallelograms rule, R* = P* + Q%+ 2PQcos90
= 502= 30+ &2+ 2 (30YQ cos90

= (=507 - 30

= Q=40m/s
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Problem 6.7

A man swims at a right angle to the current of a river and meets the opposite bank 500 m from the
starting point. If he swims at twice the speed of the current’s speed, the width of the river (m) is
most neatly:

A. 500 B. 750 C. 1,000 B. 1,250
Solution: C
500 m
.«?UA
\'§90
1

The velocity of river and the velocity of swimming are constant. So, s = vt equation is
valid along the river and across the river. '
Distance traveled along the river: s=vz, £= 500/

Distance traveled across the river: s = v¢=2u(500/2) = 1,000 m

Problem 6.8

A man can swim directly across a river of 100-m width in 4 minutes if there is no current. He takes
5 minutes to cross directly when there is current. The velocity (m/min) of the current is most
nearly: )

10
15
20
25

DOwp

Solution: B

Let,
u = river velocity, and v=swimmer velocity

If there is no current, s = vt

2 v=g/t=100m /4 min = 25 m/min
If there is current, the following condition will occur. OB = swimmer velocity, OC = w=
resultant velocity, OD = river velocity. Draw a parallel line CD with OF, OB = DC=v=
swimmer velocity. '
Again, s =wt
w= 100 m /5 min = 20 min
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O 5 D

The resultant velocity will be perpendicular to the river velocity.
Therefore, v =1+’
D =y’ —w? =y25"-20? =15 m/min

Problem 6.9

An airplane moving with a velocity of 50 km/h touches a straight highway and comes to rest in 300
m. If the retardation is uniform, the required time (sec) to come to a stop is most nearly:

A 73 B.33 C. 43 D. 49

Solution: C

km 50(1,000) m Again, v=vs - at
BT 3600 s TS T 013880321 ¢
o t=429s

u# =50

v’ = v: —24s
= 0 =13.882 -24(300)
= a=0.321 m/s?

Problem 6.10

A train traveling at 60 km/h is stopped at the next station in 10 sec by applying brakes. Most neatly,
at what distance frem the next station, were the brakes applied?

A. 63m B.73m C.8m D.93m
Solution: C-
Initial velocity, v: =y’ - 2as
w—go Xm _600,0000m . = 0=16.672-2(L67)(9)
h 3,600 s = $=833m

Now, v=vo - at
= 0=16.67 - a(10s)
= a= 1.67 m/s?
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Problem 6.11

A particle moving along a straight line with a uniform acceleration covers a distance of 72 ¢m at
the 12% second, and a -dist_ance of 120 cm at the 20® second. If the acceleration of the particle is 6
cm/s?, the initial velocity (cmy/sec) of the particle is most nearly:

Al B.2 C.25 D.3

Solution: D

Traveledin 125, S, =S, +u,f + %aa"2 =0+u,(12)+ -%(6)(12)2 =12u, +432

Traveled in 115, S}, =S, +ut + %atz =0+u,(11) +~;—(6)(] D*=11lu, +363

Traveled at the 12 sec = Sz — S
= 72 cm = (1210 + 432) — (11 uo + 363)
o i#.=3 cm/s

Problem 6.12

A person goes to Walmart at a speed of 4 mph. He returns at a speed of 5 mph. His average speed
{(mph) is most nearly:

A 4444 B. 4.500 C. 4.540 D.-5.000

Solution: A

Let the one-way distance is 20 miles. Then, time to go = 20/4 = 5 hr and time to return =
20/5 = 4 hr. Then, average speed = total distance/total time= (20+20)/(5+4) = 4.444 mph

Particle’s Rectilinear Motion under Gravity

‘All the equations listed in the previous section apply to particles in rectilinear motion under gravity
except that the acceleration (a) is to be replaced by gravitational acceleration (g). It is always
constant at a certain place in the universe and acts downward. The distance traveled, sis commonly
replaced by the vertical distance, y or 4. Therefore, the equations of motion can be written as -

vir)=glt~1,)+v,
)= 8l +v,e-1,)

vi=v!+2gh
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Problem 6.13

A ball projected vertically upward from the top of a tower with velocity of 14.5 m/s reaches the
bottom after 5 sec. The height (m) of the tower is most nearly:

A 30 ‘B. 40 C.50 D. 60
Solution: C

After being thrown upward from the top of tower, the ball will reach the peak, come back
to the level of the top of tower, and then go to the ground. Therefore, the effective travel
path is from the top of tower to the ground.

h=-uj+ % gt® =—14.5(55)+ %(9.8 }5s)°=50m  [woupward, gdownward]

Problem 6.14

A balloon is ascending vertically with a velocity of 9 m/s when a stone is let fall from it. If the stone
reaches the ground in 10 5, the height (m) of the balloon when the stone is let fall is most nearly:

A. 300 B. 400 C. 500 D. 600

Solution: B

After letting the stone fall, it will travel upward a little bit then come back to its original
releasing point, and then go to ground. Therefore, the effective travel path is from the
releasing point to the ground.

h=—uf-+ %gtz =-9(105) -i~—12~(9.81)(10.$')2 =400 m  [w.upward, gdownward]

Projectile Motion

Projectile motiori is a form of motion in which an object er particle is thrown with an angle to the
Earth's surface and moves along a curved path under the action of gravity only. The velocity has
‘both horizontal and vertical components. However, there is only vertical acceleration; that is the
gravitational acceleration which acts downward. The equations for common projectile motion may"
be obtained from the constant acceleration equation as:
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a =0

Y 4 v, =v,cosd
x=(v,cosf)+x,
a,=-g

v, =—gi+v,sing

Travel path of a projectile if thrown at ‘v velocity at an angle, # with respect to horizon (x-axis)
Problem 6.15

A plane 2-miles above the ground is flying horizontally at 500 m/s. If it releases a bomb, the bomb
will reach the ground in sec is most nearly:

A. 20 B. 26 C.32 D.’52
Solution: B
2-_.miles_>{5, 280 Lt ){0.30485’% ~3,219m
mile / ft

= h=h, +-u,,t+-1i ot
_ - x m 2
o 3,219 m=0+(0)(r)+ 2_(9.8 /)@
= t=+/656.875 =25635
Problem 6.16

A cannon-shell is fired with a velocity.of 40 m/s toward an enemy plane at an angle of 30° with
respect to the horizontal. Most nearly, at what height (m) will the shell strike a wall at 30 m away?

A 10 B.12 C. 14 D. 16
Solution: C

v, =v,c0s30=40c0s30=34.64m/s | v,, =V,sin30 =40sin30 =20 m/s
Horizontal Travel: s =v_t Vertical displacement after time, £

= 30 m = 34.64 m/s (1) =y f— 1 1? = 20(0.866 sec) — }f(9.81) 0.866)°

) Y o 2 & 3 :
& r=0.866 sec
=13.7 m
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Problem 6.17

A fighter plane, while moving horizontally at a height of 490 m with a speed of 147 m/s dropped a
bomb. Neglecting the air resistance, most nearly where will the bomb fall on the ground from the
dropping point?

A, 1,070m B. 1,270 m C.1470m D. Cannot be determined
Solution: C
. 1 .
y=v,i+ %gt'z : 490 m= 0+ -?:(9.8_1)(02
£="10sec

Horizontal displacement, x = vw r= 147 m/s ( 10 sec) = 1,470 m
Problem 6.18
A fighter plane, while moving horizontally at a height of 480 m with a speed of 147 m/s dropped a
bomb. Neglecting the air resistance, the velocity (m/s) of the bomb after 5 sec of dropping is most
nearly:

A, 135 B. 145 C. 155 D. Cannot be determined

Solution: C

Horizontal velocity after 5 sec: v, =v, +a,t =147 I% +0=147 2
8
Vertical velocity after 5 sec: v, =v,, +a/ =0+ gt =9.81(5)=49.05 m
_ , s
Velocity, v= v +v2 =,[(147)’ +(49.05)" =155 m/s

Problem 6.19

A projectile with an initial velocity of 50 m/s is launched an angle of 45" with the horizon. The
horizontal distance {m} traveled by the projectile is most nearly:

A. 552 B. 255 C. 127 D. None of the above
Solution: B

For projectile, the vertical velocity at the peak point is zero.
v, =—gl+v,sinf
= 0=-981r+50sin 45
= =3.6sec (thistime is needed to reach to the peak)
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Total travel time 7=2 r=2(3.6) = 7.2sec
Horizontal distance traveled, x = (Vu cos 19)1‘ +x,
x="50 cos 45.(7.2 sec) + 0 =255m

Particle Curvilinear Motion

Curvilinear motion occurs when the particle moves in-a curved path in plane or in 3D space. This
section deals with the planar curvilinear motion. This type of motion can be explained using
different co-ordinates systems. This is discussed in this section.

Rectangular Components of Curvilinear Motion

Consider a particle is moving along a non-straight path (curvilinear path) which is shown below
using the rectangular coordinates system. At certain time, the position of the particle is A(x, . If

the unit vectors along x-, and y-axis aref andj respectively, then the position of the particle can
be defined by —

Es

F=X1+ M
The velocity can be expressed as —
A
ﬁ—d—nfw—é(x—i’)-l-i(?)"vikv] g
adi TV
The magnitude of the velocity can be determined as —
vi= vl + vf
dx
Ve =X
ar
dy .
vV =—=
Y
. . . L 4y e
Similarly, the accelaration can be written as: g =-—=a,1 +d,]

dt

The magnitude of the acceleration can be determined as: a = fa; + a;

d’x d’y .
ax = = a“I m 5 :y
dr” Y/

Problem 6.20

The position of a jet can be reptesented as (x,y) = (0.3t3 , 0.2¢° )where x and y are in meter and t

is in second. The acceleration (m/s2) of the jet after traveling 5 sec is most nearly:

A9
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B. 6

C. 108
D. 128
Solution: C
Velocity
v, =4 (035)=0.9
dtdt
v,=Y -2 628)= 0.6
Yoode dr
Acceleration
d’x d 2
= =00t =1 .8
Todr dr(' )
dy d 2
— = “|l=1.2
¥ dtz dt( )
At =5 sec

a, =186=18(5)=9 %‘ccg
a, =1.2t=12(5)=6 %cz

a= Jafj +ai = \/(_9)2 +(6) =10.8 %ecz'

Tangential and Normal Components of Curvilinear Motion

Consider a particle be moving in a curvilinear path as shown below, and its position at a certain
time be A. The position of the particle at certain time is A. If # and #, are the unit vectors along

the tangential and normal directions respectively; then the velocity can be represented as —

<
il
=
)
R
fl
hat']

Note that the velocity is always tangent to the
path. It has no component along the normal
direction. The acceleration can be written as —

oW _dy o d diy o (v
a—dt"dt(v;u()_'uf dt.(v,)‘f‘v-! a u,_)—a,u,ﬁ—v{ u“J

. . : — L
Note, using the calculus, it can be shown that 7 (u.,) =i,

@seismicisolation


https://t.me/seismicisolation

I
da=ai, +-"1u,

= instantaneous radius of curvature

If the equation of the curve is known, the instantaneous radius of curvature can be determined as:

Problem 6.21

A car, shown below, is traveling along a path which can be expressed as y = 0.1x*. After traveling
200 m, it attains a speed of 20 m/s and increase in speed of 2 m/s? along the tangential direction.

The magnitude of the acceleration (m/s?) of the car at this instant is most nearly:

200 m

1.0
0.58
2.0
3.0

00wy

Solution: C

_ {2 2
a=.fa; +a,
m

Given the increase in speed is 2 m/s? which is the tangential acceleration, g, = 2 —
8

S . v, . . .
The normal acceleration can be written as @, = —— where, p (instantaneous radius of
curvature) is unknown.

) \2 }f‘:
[l + @ }
dx

p=
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y=0.1x?

D _ 4 0.12)=02x
de dx
dy _d
a}-{- = Ex—(o.zx)x 0.2

% li-200=02x = 0.2(200) =4(

= = =320,300
ey oz T
dx? '
a2 o, m
£ 320,300 m s°

a=Ja?+al =2 +(0.0012) =202
=

Radial and Transverse Components of Curvilinear Motion

P

Consider a particle is moving in a curvilinear path shown y

below where r= radial position coordinate, #= angle from ey \

the x-axisto 7 .If €,and €, are the unit vectors with and - e

normal to the position vector, 7 respectively, then the

position vector can be represented as - L o /
. L e
F=re, FPATIE

The velocity can be represented as : v =ré, +rk,

The acceleration can be written as: @ = (r' —ré* kr + (}9 + 27 6’}3}}

r=radial position coordinate

&= angle from the x-axis to ¥

. dr . dr

F = F=—s
dt dt”

a, =i-r&; a,=rf+2:6

Problem 6.22

The car travels along the circular curve of radius of 50 ft with a constant speed of 10 fi/s. The
magnitude of the acceleration (ft/s?) of the car at this instant is most nearly:

. .. . 6-14
@seismicisolation


https://t.me/seismicisolation

0.5
1.0
1.5
2.0

go=r

‘Solution: D

r =50 ft
I;mgiz-"o'

dt

v, F+ 6, =0 + (508} =10 2

5€C

Solving &= 0.2 24
8CC

9:31_-9:0
dt

a, =F—rf* =0-50{0.2) =-2

SCG2

a, =rf+ 270 =5000)+2(0)0.2) =0
o=@, ¥ +(a,} =JC2F+(0F =2 -1

sec”

Relative Motion

Relative motion is the calculation of the motion of an object with respect to some other moving
object. Thus, the motion is not calculated with reference to the earth, but is the velocity of the
object with regard to the other moving object as if it were static. For example, a person sitting in a
bus is at zero velocity relative to the bus, but is moving at the same velocity as the airplane with
respect to the ground. Relative motion is'a.concept, and its calculation occurs with relative velocity,
relative speed, or relative acceleration which is the change in velocity divided by the change in
time. Consider particles A and B are moving independently along two paths. The position of each
particle is measured from the-common origin O of the fixed X¥ reference axis. The origin of the
second frame of reference xy is attached to particle Band moves with it. The axes of this frame are
only permitted to translate relative to the fixed frame, X¥. The relative position of “A with respect
to B’ is designated by a relative vector, F,;; .
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] "
Then, the position vectors can be related as follows:
Py =Fy+Fyp
The velocities and accelerations of the particles can be presented as follows:

Vi=Ve+V

Uy =0y +0yy,
Problem 6.23
At the instant shown, the car at A is traveling at 14 m/s with acceleration of 2 m/s? and the car at

Bis traveling at 10 m/s with acceleration of 3 m/s The relative velocity (m/s) of A with respect to
Bat this instant is most nearly:

14 mis
T
/ A
B
A. 3.31 B.5.31 C.7.31 D. 931

Solution: C

¥, =14c0s30f +14s5in307 =12.127 +7;

v, =107 2
5
V=Vt P
Vo =V~ =12.120 +77 -10i =2.127 +7f

Vay = \[(2.12)2 +(7f = 7_31'.{;.1_

6-16.
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Problem 6.24
Two cars, A and B are running in two different roadways with velocity of 14 m/s and 10 m/s

respectively as shown below. The roads are aligned at an angle of 60°. The relative velocity (m/s)
of Bwith respect to A at this instant is most nearly:

ihm/s

f4 m/s

9.5

12.5
15.5
175

O Owp

Solution; B

14 mix

Let, ; and j be the unit vectors along x-and y-axis, respectively..
- - . - m
V,=14cos607 +14sin 605 —
:]
- = 1n
V,=10§ —
$
V=V, +

¥, =V, ¥, =10f ~14cos607 —14sin 60 =37 ~12.12]

Magnitude of v, = J(3) +(-12.12)° =12.5 =
S
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Section 2; Kinematics of Rigid Body

A rigid body may undergo two major types of motions:

a) Translation
b) Rotation about a fixed axis
¢) General plane motion

General plane motion is commonly not covered. Let us discuss the other two types. Translation of
rigid body occurs when all line segment of a body remains parallel to its initial position during the
motion. Thus, the velocity can be presented as —

v, =9,

where ¥, and v, are the velocities measured at two locations A4, and B, Like the velocity, the
acceleration can be presented as —
a4, =4y

This equation indicates thart all points in a rigid body during rectilinear or curvilinear translation
move at the same acceleration.

Rotation abour a Fixed Axis

Let, a rigid body is rotating about a fixed axis which passage through Oand is perpendicular to the
OABplane. The body was originally along OA position and reaches at Brotating dfat time z.

Therefore, the rate change of instantaneous angular displacement is called the instantaneous
angular velocity, @. This.means —

_um A6 _dO

A0 Af - dt

Usually, the angular velocity means the instantaneous velocity. If the angular velocity is constant,
then that circular motion is called the uniform circular motion. In case of uniform circular motion,
the angular velocity can be written as ~
5
@ = —
{
6 = wt
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This equation is similar to the equation of uniform linear motion, s= vz. The angular velocity is
expressed-in radian/sec. it is also called rotation or revolution per minute or rpm.

Time taken for a complete rotation is called the time period; one complete rotation means 27 radian
angular displacement. So, if the time period is 7, then —

a)x-zfv:Zﬂn
T

where, n = — is the number of rotation in unit time or frequency. Its unit is s or Hz. If df/is small,

the length AB can be determined as dS=rdf. Then the linear velocity can be determined as
ds rd@

_['da]
V= ¥l — | =ra = or. Therefore,
dt dt

dt
v=ar
The angular acceleration is defined as

deo d°0
¥ =—2= Y
dt di”

The linear acceleration (&) can be determined as follows —

dv d
i ((ar)

a:'(v%-_(}‘)+r~a%(a))

a=w(0)+ra

a=ar
e . . d6 dw T . . .
From the relationship of @ = — and g = d—the following relationship can be derived ~
it 1 '
adl = wdw

This linear acceleration is along the tangential direction and very often called tangential
acceleration (&, ). Therefore,

a

= O

The linear acceleration along the normal direction can be determined as follows -~

v:  (or 2
a, =7:~(~-;)~ =@'r

The magnitude of the linear acceleration can be determined as follows —

a=a) +(a,)
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a}) For constant Acceleration

Applying Newton’s law of motion, for constant angular acceleration, the equations for angular
velocity and displacement are —
alt)=a

i

olt)=ea,l~1,)+ o,
o) =, (t-1,Y +a,l~1,)+6,

where
‘&= angular displacement
&= angular displacement at time £
w = angular velocity
o = angular velocity at time £
0 = constant angular acceleration
t=time
to = some initial time
An additional equation for angular velocity as a function of angular position may be written as —
o =a. +2a(6-6,)

b) Non-constant Acceleration

When non-constant acceleration, a(z) is considered, the equations for. the velocity and

displacement may be obtained from -
i

W)= [aleldr+,

£

. i
.s'(r)z Iv(r)dr + 5
:u
For variable angular acceleration -
w(t)= J.af ()7 +o,
]
0t)= [wlz)r + 0,
:ll

where 7 is the variable of integration.

Rigid Body Motion Abour a Fixed Axis - Summary

Varisble, « Constant, o = ar
dw .
O = e a)=aJ,,+0:CI
dt
. 8=0,+awt+ lact'z
dt 2
adf = wdw @ = +2a,(0-0,)

@seismicisolation 620


https://t.me/seismicisolation

Problem 6.25

An electric motor is rotating at 6,000 rpm when the switch is suddenly turned off. The fan
decelerates at a constant rate and rests after 3 minutes. The angular deceleration of the electric fan
is most nearly:

A. a,=4,000 Jad,
min-
B. a,=400x r?d,
min~
o
C. a,=4,0007 ——
mn
D. a =4,0007 ~ a‘i
sec
Solution: C

@, =6,000rpm =6, 00055‘-’"[%@} —12,0007 24
mirn fev /. min

a(t) =, +a,t—t,)
0=12,0007 + o, (3 min)
rad

min®

o, =4,0007

Problem 6.26

The angular position of a car traveling around a curve is described by the () =15t + 22 - 6 + 5,
where is in seconds. The angular acceleration (rad/s?) of the car at the beginning is most nearly:

15
36
2
4

Uaw

Solution: D

do d0 d
di di di
At, £=0sec, a= 4 rad/sec?

(15+ 40 -18¢% )= 4361
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Problem 6.27

An electric motor is rotating at 6,000 rpm when the 'switch is suddenly turned off. The fan

d
decelerates at an angular deceleration of @, = 4,000z n'z' = . The number of revolutions the fan
min”
will undergo before stopping is most nearly:
A9 B. 90 C. 900 D. 9,000
Solution: I
@, = 6,000 rpm = 6,000133[2;:539) =12,0007 224
min rev min
a, =4,000x 7%
min

o' =0 +2A-af0-0,)
0% =(12,0007z) ~2(4,000z)(6~8,)
£ — 6= 18,0007 rad = 18,0002 7= 9,000 revolutions

Problem 6.28

The angular acceleration of a 0.4 ft diameter circular disk can be represented as @ = 5% + 61 + 2
rad/sec?, where ¢ is in second. The original angular velocity of the disk was 6 rad/sec. The linear
velocity (fi/s) after 5 seconds of rotation is most nearly:

A. 300 B. 60 C. 30 D. 10
Soludon: B

Both the linear velocity and the linear acceleration require the angular velocity. So; let us
determine angular velocity first.

a = do 5.2+ 6f+2:0n integratingfdro :J‘(St2 +6f + 2}11‘

2 b,

dw = i (51> 46 +2 )
L]

3 5

(@) = EAEV Iy
3 i]

50

[0—6]= F(j-)i +3(5F + 2(5)} “_[T +3(0) +.2(0)}

. .. . 6-22
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w=12993 "

S€C

Linear velocity, v = wr =299.3(0.2)=59.9~ 60-£E~—
sec

Problem 6.29

The disk starts with an angular velocity of 1 rad/s, and is given an

F — 135 . .
angular acceleration of & = 0.02560" raq/s, where 0 is in radians.
The magnitudes of the normal components of acceleration
(in/sec?) of a point A on the rim after 5 revolutions is most nearly:

A. 7.20
B. 104
C. 172
D. 3.98
Solution: B
wdo =add
ithy ZERIF

_['(uda)= j (0.0256'* \de
racd

i

Eifli.i _ 0025 92‘25 10z
2 1 225

H

n

Qi_%)j_-m [0.0111(107:)2‘?"”]—[0]

2
0=720"
sec
Normal acceleration, &, = a'r = (7'.2‘.'))2 (2) =103.7 1112
sec”

Problem 6.30

The power of a car engine is transmitted using the belt-and pulley arrangement shown below. The
hubat C is rigidly connected to.B and turns with it. The diameters of pulley A, B, C, and D are 0.5
£, 0.7 f, 0.2 ft and 0.4 ft respectively. If the engine turns pulley B at 50 rad/s, the angular velocity
of the pulley A (rad/sec) is most nearly:
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16
18
20
22

A,
B.
C
D.

Solution: C

rad
@, = @y =50——as the hub at C is rigidly connected to B.

sec

rad ft

Linear speed at the periphery of Pulley C, v,. = @7, = 50—(0.1 ﬁ) =5—
sec sec

This linear speed of C is transferred to the periphery of Pulley A.

v, =V,

Vi = Wt

s Mt 5 ft iy
w, =—S8C - __SEC _n

r,  025ft  sec

Section 3: Kinetics of Particle
Weight

The weight is the gravitational force executed on a body. It always acts downward toward the
center of the earth. It can be calculated as follows:

W=mg

W= weight of a body (N or Ibf)
m = mass of a body (kg, Ibm)
&= local gravitational constant (typically; 9.81 m/s? or 32.2 ft/s?)

Newron's Second Law

Newton’s Second law of motion states “rate of change of momentum of a body is proportional to
applied force on the body and the direction along which the force acts, the change of momentum
also occurs along that direction.” Mathematically, Newton’s Second law can be expressed as;

Z Fe= d (mv)

dt

. - - - 6,,,24
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Y. F=the sum of the applied forces acting on the particle

m = the mass of the particle

v=the velocity of the particle

d(mv)
dt

Yor constant Imass, z F= ma

Problem 6.31

Two forces, Iy =57 + 2 — 2k N and F, ==37 + j—7k N are applied on a 100-g particle. The

acceleration of the particle (m/s?) is most nearly:

A, 097 B.9.7 C.97 D. 970

Solution: C

Resultant Force, F¥ = F+ F, = (57 +2] -2k )+(-37+] 7k} =27 +3] -9k

FP+F7 =yJ(2) +(3) +(-9)’ =9.7N

Problem 6.32

A truck weighing 5 tons is moving with a speed of 36 km/hr. To stop the truck in 4 m, the amount
of force in Newton to be applied is most nearly:

A. 65,200 B. 62,500 C. 52,500 D. 72,500
Solution: B
v, =365 _ 36X (1 g0 | L DT jome-
hr hr km J\ 3,600 sec
v’ = v -~ 2as
0=10° —2a(4m)
a=12.5 m/s?

F=ma=5,000kg (12.5 m/s?) = 62,500 N
Problem 6.33

A body was at rest. A force of 15 N acted on it for 4 sec and then ‘that force stopped acting. The
body then moved 54 m inl the next 9 sec. The mass of the body is most nearly:

A. 5kg B.8kg C.10kg D. 12 kg
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Solution: C

Given: 9sec: 4 secr

~I5N The force does not act afrer 4 V= Vo + ar

t = 4 5ec sec. So, it moved next 9-sec at = 6=0+a({dsec)

tr=9 sec uniform velocity. a=1.5m/s?

5=54m

ve=0 v=s/tz=534m/9s=6m/s Now, F=ma

m=17 m=Fa=15N/15 m/s?

=10kg

Problem 6.34

A 10-kg block begins sliding down in a 25 "inclined plane. Starting from the rest, the block attains
a velocity of 5'm/s after 5 seconds. Most nearly, how far will the block traveél in another 5 seconds?
C.75m D. 100 m

A 125m B.375m

Solution: B

p
5 7o X
= v - v(l i, m
Acceleration, g = ——% = L =]—
4 S5 5

Travel in the second D sec, 5 =5, +v.( +E at*

& s=0+5’%(53)+é~(l %2)'(52):37.51%

[Note: the travel amount in the first 5 sec is not calculated here as vo is taken 5 m/s. The
travel in the second 5 sec is determined here]

Potential Energy

The energy that is acquired due to the position of a body or energy acquired by the body due'to the
change of position of the particles within the body is called the potential energy of the body. For
example, a piece of brick is kept above the roof or pulling the spring or pushing the spring. Potential
Energy (PE) is measured by the work that is available when the body returns to its initial normal
position or configuration from the present position or configuration. There may be three types of
PE:

i) Gravitational PE
i1 Elastic PE
i) Electric PE (not included in the NCEES FE Exam)

. .. . -26
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Gravitational Potential Energy

Let an object of mass, m be raised abave the surface of the earth to a height, d# against the gravity.

h

dh

(] v
S

Work done due to this movement -

dW = F.dh
dW = F.dh

The total work done in raising the body to a height, Z at position, A is the summation of the small
work done as —

L4 k b

v :IdW =I-Fdh =ngdh =mgjdh:mg[h]z =mgh
0 n 4]

Elastic Potential Energy

For a linear elastic spring with modulus, stiffniess, or spring constant (£), the force in the spring is
F. = ks, where, s=the change in length of the spring from the unreformed length of the spring. In
changing the deformation in the spring from position s, to s, the change in the potential energy
stored in the spring is determined as: '

PE, - PE, —~]2~_k.( 2 st

Kinetic Energy

When a nail is struck by a hammer strongly on a wall the nail enters inside the wall overcoming
the resistance of the wall. The hammer can do this work because of its motion, i.e., due to the
kinetic energy of the hammer, the nail can overcome the resistance of the wall. You might have
seen sailing boats in the river. Kinetic energy of the current in the river drives away the boat. ‘When
wind flows strongly, the boat moves faster if sail is hoisted. Again, while competing for high jump,
and long jump do not jump from rest, but do jump after running a certain distance. As a result, they
can go longer distance by using the kinetic energy. From this discussion, it is observed that while
stopping a moving body by applying external force, the total work done by the body before to rest
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is the measure of kinetic energy of the body. In short, energy possessed by a body by virtue of its
motion is called kinetic energy. Consider a body of mass, m is moving along ABwith a velocity of
v. A constant force Fis applied opposite to the motion along BA. Due to.this, uniform retardation
will be produced. Let the uniform retardation = 4, and the body came to rest at point & after
covering a distance, s from the point, A. Hence the final velocity is v= 0.

A 4

Kinetic energy = work done before coming to rest

= Force x Distance Traveled before coming to rest
= F¥

From the Newton’s Second Law of Motion, F=ma

Again, V' =V, +20s

0=v*—2as
o~
§ =
2a
2
Kinetic energy = 7" = Fs= (mq ) Y |- l.mv3
N\ 2a 2

Work

If force is applied on a body and if there is a displacement of the body, then the product of the force
and the component of displacement along the direction of force is called work (Z). It is defined as:
U=/F dr

Variable force: Ur = fFeos6 ds
Constant force: Ur = (FecosB) As
Weight: Uw = -WAy
1,, 1 '
Spring: U, =~ —ks? —— ks>
P g ¥ [ 2 2 2 1 ]

where: 5,and s,are two different positions of the applied force end of the spring with | 5| s; &is

the direction of displacement with respect to the direction of the force applied.

. PR . 6-23
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Work-Energy Theorem

If Tyand V, are, respectively, the kinetic and potential energy of a particle at state i, then for

conservative systems (no energy dissipation or gain), the law of energy is-

T+ V,=1,+,

If non-conservative forces are present, and the work done by these forces is present, then the work
done by these forces must be accounted for. Hence —

T+ V=T, + V:'+UI—)2

UJ,_,, = the-work done by non-conservative forces is moving between state 1 and state 2. Care must
be exercised during computations to correctly compute the algebraic sign of the work term. If the
forces serve to increase the energy of the system, U, ,is positive. If the forces, such as friction,
serve to dissipate energy, U, _,,is negative. If multiple types of work are done such as work done

by engine, brake, etc. then —

T+ Vo= T+ VX U

Problem 6.35

If a spring is elongated by 15 cm its potential energy is 60 J. The amount of force (N) required to
elongate this spring by 30 cm is most nearly:

5.333
1,600
800
400

SRR

Solution: B
W= st
2
I = 2w 2(60))
£ (0.15m)

~=5,333 Nm™

Now, F = fx = [5,333 E) (0.30m)=1,600N

m
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Problem 6.36

Ifa horizontal force of 20 N is applied to a body of 1 kg weight, it moves 3 m in-an upward inclined
plane as shown below.

The amount of work (J) done is most nearly:
A. 67 B.52 C. 46 D. 40

Solution: A
L+ V=T, +V;+ U

2
7z=0

T:=0

Vi= mgh=mg(0)=0

Ve = mgh= (1 kg) (9.81) (3sin 30) = 14.715]

L+ V,=T,+V,+U_,
0+14715=0+0+ U,

Total work done, W=Fs + U,_, = (20 N) (3 cos 30) + (1 kg) (9.81) (3 sin 30) = 66.7 ]

Problem 6.37

A body of 10 kg is dropped from a height of 100 m. Its kinetic energy in Joule when it is 60 m above
the ground is most nearly:

A. 5,885 B. 3,924 C. 4,623 D. 3,323
Solution: B

Velocity after falling 40 m (60 m above the ground)
vl = v‘f' +2as
Y \/o +2 (9.'8 m/sz) (40 m)
v =28 m/s
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T = —limv?' =3,924 ]

Its kinetic energy when it is 60 m above the ground is 3,924 J.
Problem 6.38

A body is allowed to fall down freely from a height of 30 m. Where will its kinetic energy be twice
the potential energy?

A. 20 m from ground

B. 15 m from ground
C. 10 m.from ground
D. 5 m from ground

Solution: C

Total energy = mgh=30mg
Let, at xm from ground, 7'=2 V..
Vat xm height = mgx
Tat xm height = 2V=2mgx
Then, V+ I'=30mg
mex+ 2 mgx=30 mg
x=10m '

Problem 6.39

A 4 kg mass is allowed to fall down freely from a height of 25 m by the gravitational attraction.
After 2 sec, its kinetic energy in Joule is most nearly:

A. 679 B. 770 C. 967 D. 212
Solution: B

KE after 2 sec = %2 m#
Velocity after 2 sec, v=1v, + gf
= v=0+2g
=2 v=2g
KE after 2 sec = % mv? =Y m (287 = 2mmg? = 2 (4 kg) (9.81 m/s?)?=770]

Problem 6.40

A 4-kg mass is allowed to fall down freely from a height of 25.m by the gravitational attraction.
After 2 sec, the potential energy (J) is most nearly:
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A. 679 B. 765 C. 6131 D, 212

Solution; D

PE after 2 sec = mgh
1 1
Travel after 2 sec, h=v,t + 2 gt =04 5(9.8 )(2)* =19.6m

Height, A from the ground =25 m - 19.6 m =54 m
PE after 2 sec = mgh=4kg (9.81 m/s?) (5.4m)=212]

"Problem 6.4}

An object of mass of 5 kg falls from a height of 5'm on a pin and the pin enters 10 cm inside the
ground. The average resisting force (N} of the ground is most nearly:

A. 2,500 B. 4,299 C.2,230 D. 2,930
Solution: A
Work done by the resisting force, W= Es= H0.1 m)
Total fall =5m+0.1m=51m
Work done by the object = mgh =5 (9.81) (5.1 m) = 250 ]
Now, 0.1F=250 => F= 2,500 N
Problem 6.42
A carof mass of 2,000 kg while descending with a velocity of 16 m/s along a road inclined to 30°
with the horizontal, the driver brought it to rest within 40 m by applying brake. The opposing

force (kN) applied on the car is most nearly:

A 162 B. 126 C. 6.0 D.220
Solution; A

Here, the kinetic energy of the car was resisted by the applied force.
KE of the car = %.mv? =% (2,000 kg) (16 m/s)? = 256,000 ]

The problem did not mention the coefficient of friction. This means friction is to be
neglected.

. PR . '6,32
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Resistive work, W = ZF$= (F - mgsin 30) (40 m)
Equating KE = W

> (F- mg cos 60) (40 m) = 256,000
> F=16,210N=16.2 kN

Problem 6.43

If the pendulum shown below is released from A, what will be velocity (m/s) at position B Consider
no friction in the operating system.

A0 B. 0.97 C.3.13 D. 4.23

Solution; C

Total energy at A plus any work done on it equals the total energy at B, ie.,
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1 1 2
T, = E-m_vj = nznm(o) =0

V, =mgh, =m{9.81)(3.0)=29.43m Joule
V, =mgh, =m(9.81)(5-5c0s60)=24.53m Joule

U5 =0 [no work is done on it]
1,

T, = Emv;

Now, T, +V, +U, =T, +V,

0+2943m+0= -é-mvﬁ +24.53m

vy =313
5EC

Problem 6.44

The displacement of a particle is § =37/~ 2 j+ kmwhen F =5;+3 j~2kNis applied on it. The
work (J) done by the force is most nearly:

A. 5 B.6 C.7 D.8

Solution: G
W=F5=(5i+3j-2k). Gi-2j+k)=15-6-2=7]
Power and Efficiency

Sometimes, it is important to know how quickly a work can be done rather than the amount of
work. For example, a pump capable of drawing one million gallons of water in its life may be
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worthier than a pump of capable of drawing two million gallons. This is possible if the first pump
can do it in 5 years and the second one takes 25 years. Therefore, rate of work is sometimes
important considering the busy life this day. Power is the time rate of doing work of an agent,
and it is measured by work done in unit time. It can be shown as —

Work

ime

Power =

Its unit is Joule/sec or Watt or in US unit ft.lb/sec. Another larger unit is also used called kilowatt
(KW). Another unit, Horse Power (hp) is-very often used. 1 hp= 746 kW or 1 hp= 550 ft.]lb/sec.

Sometimes, power is also related to velocity as follows:

Power= _WOI‘I(_: —-P!/-« :—{;-‘t‘—' :F[iJ = 'y

Time ¢ ¢ {

If the displacement of a body, instead of being along the force, is along a direction making an
angle, # with the applied force, then -

Power = fvcos 8 =F.¥
In case of rotational motion, we know,

Work = Torque (M) x Angular Displacement {£)

Work M@
Time !

Power =

When we get work from a machine or a body that work is smaller than the energy supplied to that
machine or body to.do work. It is not only true for machine, but also true in our practical life where
at a part of work is utilized than the supplied energy. The rest of the energy is lost. In case of engine,
this dissipation of energy is used as friction, to warm up the engines etc. This dissipation of energy
cannot be stopped completely, but by applying different technologies this dissipation can be
reduced. In this case, equation of energy-is equal to supplied energy = effective energy + dissipated
energy. The efficiency of a machine is defined as the ratio of the output energy to the input or
supplied energy. It is commonly denoted as 7.
_ Output Energy
7= Input Energy

Let, E7be the energy supplied and £2be the dissipation of energy. Then, the output is £7 — £2.

7= E-E [1 -“E-Z—JXIOO%
El EI
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Problem 6.45

The energy per second (J/s) to be used to lift a stone of mass of 300 kg on top of the roof at speed of
0.1 m/s by a crane is most nearly:

A, 294 B. 294 C.199 D. 251

Solution: B
Power = Fv = mgv=300kg x9.81 m/s?x 0.1 m/s = 294 J/s

Problem 6.46
A ladder of 7.46-m length is in inclined position at angle of 30° with the roof of the building, A
person weighing 60 kg is climbing to the roof in 30 sec using the ladder taking a load of 15 kg on
his head. The applied power (watt) is most nearly:
183.7
127.2

914
55.1

gom»

Solution: C

Work  (60+15)kg(9.81)(7.46 cos60)
Time 30 sec

=01.4W
h

Power =

Problem 6.47

The depth and the diameter of a well full of water are 12 m and 1.8 m respectively. A pump can
make the well empty in 24 minutes. The power of the pump (hp) is most nearly:

A, 3.33 B. 1.67 C.0.84 D. 256

Solution: B

m = volume x density = (:rrrzh)p ={n){0.9 m)2 (12 m)[l,OOO l{%] =30,536kg
. _ m
(30,536kg)(9.81)(--1§-m LW

mgh _ ] —1,246W =

Power = =1.67hp

24(60)sec
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Problem 6.48

A motor of power 3,430 W pumps water to a height of 7.20 m from a well. If the efficiency of the
motor is 90%, the amount of water (kg) can be pumped in 1 minute is most nearly:

A, 3,237 B. 2,913 C. 2,622 D. 43.7
Solutdon: C

Let the mass be m kg, Efficiency of the motor is 90% means the effective efficiency is =
0.9(3,430 W) = 3,087 W.
Power = v = ﬂ
£
m{9.81)(7.2)
60sec
m=2,622kg

3,087 =

Impulse and Momentum

Assuming constant mass, the equation of motion of a particle may be written as ~

P d (mv)
dat
mdv = Fdt

For a system of particles, by integrating and summing over the number of particles, this may be
expanded to —

Zm‘.(v,. )rz :Z_mi (v,. )f! + ij}'ﬂdt

The term on the left side of the equation is the linear momentum of a system of particles at 2. The
first term on the right side of the equation is the linear momentum of a system of particles at time,
& The second term on the right side of the equation is the impulse of the force ¥ from time #to
1z Tr'should be noted that the above equation is a vector equation. Component scalar equations may
be obtained by considering the momentum and force in a set of orthogonal directions. '

Problem 4.49
A 0.2-kg hockey puck is traveling to the north with a velocity of 10 m/s when it-is struck by a

hockey stick and given a velocity of 20 m/s along north-east. The magnitude of the net impulse
(kg:m/sec) exerted by the hockey stick on the puck is most nearly:
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- Tivth-est thFast
oy
Wi R East

Soaith-Weat Screth-East

sﬁ‘_:ﬂl
A, 2.95 B.7.95 C.11.95 D.1.95
Solution: A

v, =107
Vv =20c0s45 i +20sin45
T =m(v-7,) =0.2[(20cm45? +20sin457) 40}] =2.837 +0.837

. 2 kg.m
J=J(2.83) +(0.83) =295 ~&
V(2:83) +(0:83) =295 &2

Impact

During an impact, momentum is conserved while energy may or may not be conserved. For direct
central impact with no external forces -

_ ' r
LY, + ALY, = IV, + MV,

m,, m,= the masses of the two bodies

v, v,= the velocities of the bodies just before impact

V|, V,= the velocities of the bodies just after impact

For impacts, the relative velocity expression is —~

(%), =01,

[ S

(_Vz )ﬁ - (vz );

=

e = coefficient of restitution
(v,. )n = the velocity normal to the plane of impact just before impact

(v:)n = the velocity normal to the plane of impact just after impacr

The value of eis such that:
0 < e< 1, with limiting values
e=1, perfectly elastic (energy conserved)
¢= 0, perfectly plastic (no rebound)
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Problem 6.50

A 1,500 kg car is traveling at 10 m/s. Another 2,000 kg car is traveling at 15 m/s towards the first
car. After the collision, the combined velocity (m/s) is most nearly:

10 m/s 15 m/s

1,500 kg 2,000 kg

12.86 m/s in the travel direction of the first car
12.86 m/s in the travel direction of the second car
4.3 m/s in the travel direction of the first car

4.3 m/s in the travel direction of the second car

U0 p

Solution: D

my, +my, =(m +m)v
=1,500(10) +2,000(~15) = (1,500 + 2, 000)»'

= 15,000 ~30,000 =3,500v'
= v' =-~4.3m/s [velocity after collision is 4:3 m/s in the travel direction of the second

car]
Problem 6.51.

A 1-kg ball, A and a 2-kg ball, B collide as stown below. If the coefficient of restitution of the
balls is 0.75, for each ball just after collision, the final velocity (m/s) of the 1-kg ball, A is most
nearly:

7 m/s

A O B.3 C.6 D.9

Solution: D

Applying conservation of momentum principle along the motion
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PV TV, =Y o GV,

(l'kg){S%J+(2kg)(~7 -‘f—} =(1kg)v, +(2kg)v,,

Vo F 2V, =0 L eeeene(1)
Now,
Vv v
e=-82_ V1
Va — Vg
0.75 = b2 722
el IF]
8 8
Vir =V =D, (2)
Solving Equations (1) and (2), v,, =-9 5 =92 ()
’ ] 5
Friction

When one surface tries to. move over another surface, the roughness between these two surfaces
tries to resist the movement. This impediment to move one surface over another one is known as
friction. The impediment force is known as frictional force. It always acts to the opposite direction
of the impending movement. The Laws of Friction are: |

1) Friction force is independent of the area of contact.

2} Friction force is proportional to the normal force N.

3) Experiments show that the force necessary to initiate slip is greater than that necessary

to maintain the motion.

—>
F= Applied Force

+.= Friction Force
N = Normal Reaction

He OF it

The formula expressing the Laws of Friction is:
F< uN, where: 1= the coefficient of friction.

In general,
F<pu N, no slip occurring

F=p N, at the point of impending slip
F > p N, when slip is occurring
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Here,

4= the coefficient of static friction
1, ~the coefficient of kinetic friction

The third law of friction says, u, >
Problem 6.52
A 100-kg block resting on a horizontal surface is being pulled horizontally by 2,000 N force. The

coefficient of kinetic friction between the block and the plane is 0.2. The velocity (m/s) of the block
after traveling 10 m is most nearly:

A7 B. 11 C. 15 D. 19
Solution: D
I +U,,, =T
T,=F+ U,

-]
»_ 1. 3
- H1Vy =3 mv; +U, .,

2
Friesion = ptN = g mg) = 0.2(100)(9.81) = 196.2 N

U yo=2 Fs=(2,000-196.2)10=18,038]
l 2 ]. 2
—my, =—m{0) +18038
2% 2 ©) '
v, =18.99 ~ 19
s5ecC-

Section 4: Kinetics of Rigid Body
Mass Moment of Inertia

Mass morment of inertia is important in rigid body kinetics as it measures the resistance of a bady
to angular acceleration. Larger the mass moment of inertia, larger the resistance of the body to
angular acceleration. If a rigid body rotates around an axis, then moment of inertia of that body
with respect to that axis means the summation of the product of square of distance from the axis
and mass of each of the particles of that body. Mathematically, the moment of inertia can be
expressed in the following way:

Imjrzdm

where dm is the mass of infinitesimally small element of the body at distance, r from the axis.
Moment of inertia does not depend on angular-velocity of particles but depends on the distribution
of particles about the axis of rotation.

6-11
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The definitions for the mass moments of inertia are;

[ = J.(y'z —i—zz.)dm_; [y = I(xz + Zz)dm; L= J'(xz +y2}im; I= I’P’zdm

The mass of inertia may be a calculated about any axis through the application of the above
definitions. However, once the moments of inertia have been determined about an axis passing
through a body’s mass center, it may be transformed to another parallel axis. The transformation
equation is mentioned below: [, =1 +md’

new

Leew = the mass moment of inertia about any specified axis

- = the mass moment of inertia about an axis that is parallel to the above specified
axis but passes through the body’s mass center

m = the mass of the body

d = the normal distance from the body’s mass center to the above-specified axis

) !
"The mass radius of gyration is defined as r, = /—
m

Problem 6.53

A wheel has a mass of 5 kg and a radius of gyration of 25 cm. The mass moment of inertia (kg.m?
is most nearly:

A. 03125

B.. 0.03125

C. 3.125

D. None of the above

Solution: A
I =mr? =5 kg (0.25 m)? = 0.3125 kg.m?

Problem 6.54

A uniform rod is 2.0 ft long and has a mass of 15 kg. The rod’s mass moment of inertia (kg.fi2) about
the axis perpendicular to the rod passing through the centroid is most nearly:

20
10
5.0
30

gSnwe

Solution: C

. .. . f-42
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2
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or 12 12
Anguiar Momentum

The vector product of radius vector of a rotating particle and the linear momentum is called the
angular momentum. Suppose, r=radius of a particle with respect to the center of rotation, and £=
linear momentum of the body, then the angular momentum (/) can be expressed as —

i =7xP

It is vector quantity and the magnitude of angular momentuin can be determived as H= rP sinf),
where 6 is the angle between 7 and P.The direction of / is to be determined by the cross-product
rule. If the anglé between 7 and P s 907, then -~

H=rPsin@=rP=r(mv)= rm(:_cor) = a:(im'z_) =l =[w

where, & =angular momentum
Problem 6.55

A body of mass of 500 g is revolving in a circular path of radius of 2 m. If the time period of
revolution is 10 sec, the angular momentum (kg.m?s) of the body is most nearly:

A. 0.756 B. 1.256 C. 1.756 D. 1.956
Solution: B
H=Iw
2
o =—
H=m*2" - 05kg(2 m)z[g’-E Ea—d) -1.256 kg.m’s™
T 10 sec

Torgque or Moment of a Force

Moment of a force means the action of force which creates rotation of a body. Torque means the
action of force which causes twisting of a body. However, both moment of a force and torque are
mathematically same. That is torque or moment of force about a chosen axis is the product of the
force and its moment arm. Let us consider a thin sheet AB, fixed in horizontal position in such a
way that it can rotate about the point, A and about the perpendicular axis xy. If the sheet is rotated
by applying a force on any point, C'then, the produced torque (M) is —

M = dxF = rFsind

@seismicisolation 643


https://t.me/seismicisolation

Again, Torque, M = Fr = mr> 2 do “Id—a)_l
dt di

Problem 6.56

A wheel has mass of 5 kg and radius of gyration of 25 cm. In order to produce angular acceleration
of 4 rad/s? in the wheel the magnitude of torque (N.m) is to be applied is most nearly:

A 125 B.25 C. 0.97 D.1.93

Solution: A

Mass moment of inertia, [ =mr> =5kg (0.251’11)2 =0.3125 kg.m*®

Torque; M = [ = 03125 kgm” (4%) =1.25N.m
SeC
Kinetic Energy

Kinetic energy is the ability of a rigid body to do-work while in motion. Depending on the type of
motion, kinetic energy can be expressed as -

For Translation. When a rigid body of mass m is subjected to either rectilinear or curvilinear
translation (i.e. no rotation), the kinetic energy (7} of the body is —

'}"r-—lw.f:w2
2

where v is the translation velocity at the instant considered.

For Rotation about a Fixed Axis. When a rigid body of mass m is subjected to rotation about a
fixed axis, the kinetic energy (7} of the body is -

l’}

L .
T =—=mv mam(wr) ( )(a)) z__

where L is the mass moment of inertia of the body about the axis perpendicular to the plane of
motion and passing through the fixed point of rotation,

Problem 6.57

A 1,000-kg block is to be rolled over a frictionless surface at a velocity of 0.1 m/s over a 0.6-m
diameter frictionless pulley applying a tension. The kinetic energy (J) of the 12-kg pulley is most
nearly:
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m = 1,000 kg
y=0.1 mfs

F=03m
m=12kg

Tension

A, 0.06 : B. 0.03 C.0.12 D.0.18

Solution: B

It is subjected to rotation about a fixed axis. The kinetic energy (7) of the pulleyis T = JE Io°

Now, [ :%mw2 m%(]Zkg)(O;B m) =0.54 kg.m’

"

m
v 0.1 s rad
@ == = 0.33 —
r 03m seC

Therefore, T = %1{,@2 - %(0.54 ¥0.33) =0.03 )

Conservation of Impulse and Momentum

Conservation of linear momentum states that the sum of all the impulses by the external forces in
a period equals the change of the linear momentum of the body during that time frame. It can be

written as -
1
my -+ Z I-th =y,

£
where
mv, = Initial linear momentum
my, =Final linear momentum

!

Z I Fdi =sum of linear impulses imposed on the body

b

The conservation principal of angular impulse and momentumn say, the initial angular momentum
of a particle plus any angular impulse done on the particle equals the final angular momentum of

the particle. In vector form; it can be written as —

6-45
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In scalar form, it can be written as —

L]
(HI_);\’;_V,OrZ + Z IMX._V,rJr:dr :(HJ )x,y,nr::

Problem 6.58

The disk shown, has a weight of 20 lbs and is pinned at its center.
Neglect the mass of the cord. If a vertical force of 50 1bs is applied to
the cord wrapped around the disk’s outer rim, the angular velocity
(rad/sec) of the disk after 5 seconds starting from rest is

Cre 03t
Come= 20 ths

{write the answer in nearest hundreds such as 8700 or 1100 or 400
without comma for thousands)

‘Solution: 2700 P =50 ibs

(1), + 3 [ M =),

2
Lo+ jM,,dt =l o,

f

L]
Lo+ Y [(rF )it =10,
4

1,(0)+501bs(0.3 1t {5 sec) = %(?ZIZSJ(Oﬁft)Z @,

o, =2,683 $4 < 2700 rad/sec
sec

"Your exam restits are based on the total number of corréct answers thatyou selected, There are no deductions far wrong answers.
The score is then converted to a scaled score, which adfusts for any minor differences in difficulty across the different exam forms.
This scaled score represents an examince s ability level and is compared to the minimum zbility fevel for that axgm, which has been
determined by subjecr-matter experts through psychomerric statistical methods. NCEES does not publish the passing score. NCEES
scores ezch exam with ne predetermined percentage of examinees that showld pass or £il Al exams are scored the same way. First-
time takers and repeat takers are graded o ihe same standard. " NCEES (2018) at hripy/incegs. orplenpginceringrangineeting scoring/
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7 MECHANICS OF MATERIALS

Fundamentals of Engineering (FE) CIVIL Exam Specification mentions, 7-11 questions may appear
in the exam based on Mechanics of Materials as follows:

A. Shear and moment diagrams’

B. Stresses and strains (e:g., axial, torsion, bending, shear, thermal)
C. Deformations (e.g., axial, torsion, bending, thermal)

D. Combined stresses

E. Principal stresses

F. Mohr's circle

G. Column analysis (e.g., buckling, boundary conditions)

H. Composite sections

I. Elastic and plastic deformations

J. Stress-strain diagrams

Stress-Strain Curve for Mild Steel

Members in civil engineering structures undergo different types of loading such ‘as tension,
compression, moment, torsion, etc. Tension is very common in truss, hanger, cables, reinforcement,
etc. While designing the tension members, it is imperative to know the mechanical properties of
materials in tension. Some mechanical properties of a tension member are modulus of elasticity,
yield stress, ultimate stress, failure stress, and so on. Stress (0) is defined as the reaction force over
area. It can be expressed as follows:

o =

o |y

P = reaction force, A = Cross-sectional area.

Strain () can be defined as follows:
AL
g =
L
where AL = change in length, = original length. Finally, the modulus of elasticity () is expressed
as follows:

=2
"
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The schematic stress-strain curve of mild steel is shown below.

0 e

A few definitions from this curve, and some other properties are listed below,

A

B)
&
D}
E)
F)
. G)
H)
D

)

K)

L
M)

Modulus of elasticity: The slope of axial stress and axial strain diagram up to
proportional limit {A).

Proportional limit: The linear portion of the stress-strain diagram (OA region).
Elastic limit: The stress level up to which no plastic strain occurs (B).

Yield point: The stress level above which plastic strain occurs (B).

Ultimate stress: The maximum stress a ductile material sustains before failing (C}
Fracture stress: The stress at which a material fails (D).

Modulus of Resilience: Area under stress-strain-curve up to proportional limit.
Modulus of Toughness: Area under stress-strain curve up to failure.

Strain hardening: For ductile material, after yielding, an increase in load can be
supported until reaches a maximum stress (or ultimate stress) (region Cto D). This rise
in stress after yield point is called strain hardening.

Necking: Upon applying tensile stress, the cross-sectional area of a ductile material
decreases, forming a neck before failure. This contraction of area before failure is
called necking.

Strain Softening: After the ultimate stress and before the failure point, the stress
capacity keeps on decreasing with continuous. development of plastic strain due to.
significant molecular displacement in the materials. This region is called strain
softening.

Elastic or recovery strain: The strain that is recovered fully upon removal of loads.
Permanent or plastic strain: The strain that cannot be recovered any amount upon
removal of loads.

Shear modulus or modulus of rigidity: The slope of shear stress and shear strain
diagram up to the proportional limit.

If the yield point on the o-¢ curve is not distinct, then a straight line parallel to the initial line is
drawn at 0.2% strain point, as shown below. The intersection of the straight line and the original
o-gcurve is considered the yield point (o).

72
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A
o
Oy i~ mmmmmm e g
0% y >
Determining yield stress if yield point is not distinct
Engineering Strain

Engineering strain, commonly known as strain, is the change of length over the initial length. It
can be expressed as follows:

AL
&=
L{)
where:
£=-engineering strain (or just strain)
AL = change in length of member
Lo = original length of member; very often L. is written as L
Percent Elongation
% elongation = [%EJXIOO
Percent Reduction in Area (RA)

. A -4,
The % reduction in area from initial area, A4; to final area, A5 is: % R4 :[ L ]x]OO
True Stress and Trre Strain
True stress is defined as the force over the final area of the samples; and true strain is the differential

change in length over the initial length of the sample [True strain = In (1 + &)]. Please see the
Material Science/Structure of Matter Section also.

. .. . 7-3
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Shear Stress-Strain

Shear stress, 7= F/A

Shear sirain, y = Change in angle
which was initially ©/2.

G =4

Shear medulus or modulus of rigidity (G) is defined as the ratio of shear and shear strain. If Poisson’s
Ratio () of the material is known, the shear modulus and modulus of elasticity can be correlated
as follows:
. E
T2+ v)
Poisson’s Ratio can be defined as the ratio of lateral strain (g) and longitudinal strain (). If tension

force is applied axially on a body, its length increases and the lateral dimension decreases. If a
compressive force is-applied the scenario is the opposite. Consequently, if lateral strain is positive,
longitudinal strain is negative and vice-versa. Therefore, Poisson’s Ratio is always negative. Its
value is between 0 and 0.5. Mathematically, Poisson’s ratio can be expressed as:

Ar
po o _ &
Y

where L and r. are the original length and lateral dimension, respectively; A/ and Ar are the
change in length and lateral dimension, respectively.

Uniaxial Loading and Deformation

Let us assume a load of Pis applied on the body of cross-sectional area, A. Stress-strain of the tension
can be defined as shown.

L
oo T4 PL
£

= AL e y,
71 A
. . PL
The deformation or change in length can be calculated as: AL = T

. .. . 7-4
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Problem 7.1

A tensile force of 120 kN is applied on a 0.02-m diameter and 2-m long rod. After applying the
foad, the diameter of the rod decreases to 0.01998 m and the length increases to 2.01 m. The
engineering stress on that rod is most nearly:

A. 318 MPa B. 382 MPa C. 382 kPa D. 382 Pa
Solution: B
= —E—: ;;——129“]5—@” =381,970 kPa =382 MPa
Ar; ...... (0.02 m)“

Note: By stress, we mean engineering axial stress. The original diameter is to be used.
Problem 7.2

A tensile force of 120 kN is applied on a 0.02-m diameter and 2-m long rod. After applying the
load, the diameter decreases to 0.01998 m and the length increases to 2.01 m. The true stress on
that rad is most nearly:

A. 393 MPa B. 742 MPa C. 383 MPa D. 472 kPa
Solution: C
oy :f- = 120 kN = 382,736 kPa =383 MPa

s -Z-(O.01998m)2

Note: We do not use true stress in engineering works. In true stress, the final diameter is to
be used.

Problem 7.3

A tensile force of 100 kN is applied on a 0.02-m diameter and 2-m long rod. After applying the
load, the diameter of the rod decreases to 0.01998 m and the length increases to 2.01 m. The
engineering axial strain is most nearly:

A. 0.2% B.0.5% C.0.8% D. 1.0%

Solution: B

— [£]

Engineering axial strain &, = =

L L 2.0

[l L

AL L-L, _ 2.01-2.0 — 0.005= 0.5%

Note: By strain, we mean engineering axial strain.
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Problem 7.4

A tensile force of 100 kN is applied on a 0.02-m diameter and 2-m long rod. After applying the
load, the diameter of the rod decreases to.0.01998 m and the length increases to 2.01 m, The true
axial strain is most nearly:

A, 0.2% B.0.5% C. 0.8% D. 1.0%
Solution: B
g=truestrain=In(1+ & == [1 + %) = f[l(] + g%aéﬂ) =0.00498 = 0.498%

Problem 7.5

A tensile foree of 100 kN is applied on a 0.02-m diameter and 2-m long rod. After applying the
load, the diameter of the rod decreases to 0.01998 m and the length increases to 2.01 m. The lateral
(transverse) strain is most nearly:

A 0.1% B. 0.2% C. 0.3% D. 0.4%
Solution: A

o Ad_d-d, 001998-0.02
" d d 0.02

I o

Note: If ‘true’ or ‘engineering’ is not mentioned, it means ‘engineering’.

=-0.001=-0.1%

Problem 7.6

A tensile force of 100 kN is applied on a 0.02-m diameter and 2-m long rod. After applying the
load, the diameter of the rod decreases to 0.01998 m and the length increases to 2.01 m. The
Poisson’s Ratio of this material is most nearly:

A 01 B.0.15 C. 0.20 D.0.25

Solution: C

' - 0.01998--0.02
Lateral strain, &, = éﬁ{ = d-d, = ? =—0.001=-0.1%
d, d, 0.02
Axial strain, &, = & = L-L, = 201-20 =0.605=0.5%
L, L, 2.0

. . & -{0.001

Poisson’s Ratio, v = —+ = - == —
g 0.005

o

. .. . 7-6
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Problem 7.7

A tensile force of 200 kN is applied on & 0.02-m diameter and 2-m long rod. After applying the
load, the diameter of the rod decreases to 0.01998 m and the length increases to 2.01 m. Assuming
no permanent deformation occurs in that material, the modulus of elasticity (GPa) is most nearly:

A 64 B.127 C. 155 D. 210
Solution: B
Axial stress, ¢, :-:? = mf;mzwoﬂwlfﬁm = 636,618 kPa = 637 MPa
o L (0.02 m)2
4
Axial strain, g, = AL _L-k, 201-29 = 0.005=0.5%
L, L, 2.0
Elasticity, £ = - Qg—-o%g—aw =127,400 MPa =127 GPa

“°

Problem 7.8

A steel rod is 0.02-m in diameter and 2.5-m in length. The modulus of elasticity of this material is
210 GPa. The change in length after applying a tensile force of 150 kN is most nearly:

A, 5.7 mm B.5.7 nm C.5.7 pm D.5.7 cm
Solution: A

a2 FL_ 150000 N@Sm) o oncce s mm

AE AZ-J(o.oz m)?(210x10°)

Problem 7.9

A steel rod is 0.02 m in diameter, and 2.5 m in length. The modulus of elasticity of this material 1s
210 GPa and a Poisson’s Ratio of 0.2. The change in diameter after applying a tensile force of 150
kN is most nearly:

A, 0.0009m B. 0.009 mm C.0.09 mm D. 0.9 mm
Solution: B
Axial stress, & = % = Mm =477,463 kPa =0.477 GPa

%@Mmf
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Axial strain, & = % = S L 0,00227
E 210
Lateral strain, £, = —vor = —0.2(0.00227 y = -0.000454
Change in diameter, AD = gD =-0.000454 (0.02 m) =—0.000009 m =-0.009 mm

Problem 7.10

A steel bar has a length of 2.5 m and cross-section of 200-mm x 100-mm. The modulus of elasticity
of this material is 210 GPa and Poisson’s Ratio is 0.3. The change in width after applying a tensile
force of 150 kN is most nearly:

A, 021 m B.0.21 mm C.2.1 mm D. 0.0021 mm
Solution: D
Axial stress, o = f—-= _l_Si)_l_(uN__ = 75(0) kPa
4 (0.2)(0.1)

o 7500000 Pa
E 210,000,000,000 Pa
Lateral strain, &, = —vg =-—0.3(0.0000357 ) = ~0.0000107

Change in width, Aw = —gw = —0.0000107 (200 mm) =-0.0021 mm

Axial strain, & = = ().0000357

Problem 7.11

Which of the following statements is true for the following figure?

A .
C
52

¥

Y e

A = Proportion limit, 2= Failure stress

A =Yield point, = Ultimate stress

B = Proportion limit, O = No loading Point-
-A = Linear elastic limit, C'= Failure stress

Sow»

Solution: A

A =proportien limit; B= Yield Point: C'= Ultimate stress; 12 = Failure stress
[For shading type question, this topic is very important]
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Problem 7.12

In a tensile test, if the yield point is not distinct, the yield peint is determined by plotting an offset
line parallel to the initial stress-strain curve. The parallel line is plotted at the stain of -

A. 0.0002% B. 0.2% C. 0.0035 D. 0.35%
Solution: B
From the Mechanics of Materials, 0.002 or 0.2%.
Problem 7.13

The correct relationship among modulus of elasticity (£), Poisson’s Ratio (), and Shear Rigidity
{G) is most nearly:

2 G E . E . 2

G=——"— B.G= C.G= D.G=—F—
E(l—v) 2(1+v) 201 —v) E(+v)
Solution: B
Thermal Deformations

It is well known that the length of a material increases or decreases with increase or decrease in
temperature, respectively. The change in length due to change in temperature is called thermal
deformation. The change in length perunit length (thermal strain) due to temperature change can

be calculated as:
J,

gf(!ﬂfp == aAT
L
Or, 8, = alAT

where:
a= linear coefficient of thermal expansion and contraction
AT algebraic change in temperature of the member
L = original length of the member
&= algebraic change in length of the member

From Hooke’s law, the thermal stress can be calculated as: o = Eg, = EaAT

temp T
Problem 7.14

A 5-m steel rod has a coefficient of thermal expansion and contraction of 6x10¢ per °F. If the
temperature of the body is decreased by 50 °T, the thermal strain is most nearly:

. .. . 7-9
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A, 1.5x10° B. 3x103 C. 3x10+4 D. None of the above

Solution: C
Thermal strain = a{A7) = 6x104 (50 °F) = 3x10+
Problem 7.15

A 10-m steel rod has a coefficient of thermal expansion and contraction of 6x10°¢ per °F. If the
temperature of the body is decreased by 50 °F, the thermal contraction (m) is most nearly:

A, 1.5x103 B. 3x103 C. 3x10¢ D. None of the above
Solution: B

‘Thermal contraction = a _(ZJT) = 6x10%{10 m)} (30 °F) = 3x10° m.
Problem 7.16
A 10-m steel rod is snugly supported by two rigid supports at the end. The coefficient of thermal
expansion and contraction of the rod is 6x10- per °F and the elastic modulus is 210 GPa. If the
temperature of the body is increased by 30 °F, the thermal stress developed at the supports is most
nearly:

A. 36 MPa B. 63 kPa ‘C.13.6 kPa D. 63 MPa

Solution: D

Thermal strain, £ = afAT) = 6x105 (50 °F) = 3x10,
o = Eg =210 GPa (3x10"*)=630x10* GPa = 63 MPa

Cylindrical Pressure Vessel

2, 2
. L ) F 4,
For internal pressure, the stress-at the inside wall is: o, = P,( = ’2]

2, .2
_ ) . o
For external pressure, the stress at the outside wall is; o, = ~P, [ Lt J

o, = tangential (hoop) stress

Pi= internal pressure
Fo = external pressure
r;= inside radius

r, = outside radius

7-10
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T
. \ v
For vessels with end caps, the axial stress () is: 0, = P,( = ,]
It o

-

When the thickness of cylinder wall is about one-tenth or less of inside radius, the cylinder can be
considered as a thin-walled. In which case, the internal pressure is resisted by the hoop stress and
the axial stress.

. T
o, = L and G, = L
t 2t
where:
t=wall thickness
r;' + r;;'
Foe bl
2
Problem 7.17

A cylindrical vessel has an inner diameter of 2 ft and a wall thickness of 1 inch. After applying a
pressure of 100 psi, a crack was developed longitudinally at the vessel wall. The failure/cracking
stress in psi of the thin walled pressure vessel is most nearly:

A. 625 B. 650 C. 1,250 D. 2,100
Solition: C

Longitudinal crack developed means it was failed in hoop stress.
Inner radius, ¥ =12 in
Quter radius, 7, =12 m +1m =13 In

ro47, x12+13.:12.5in

Average radius, v =

2
f 1m 1 - -
sim i w5 60 it i @ thin-walled pressure vessel.
v, 12m
r 100 psi(12.51i : )
G, = % = pSll ( in) =1,250 psi[Some books use zinstead of 1]
in
Principal Stresses

Principal stresses are used to define different failure criteria of material. They occur at the point
and orientation of a member where there is no shear stress. If axial and shear stresses in two
orthogonal directions of a point are known, the principal stresses can be determined using the
following equation:
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where:

‘Algebraically the largest principal stress = g,
Algebraically the smallest principal stress = &,

Mohr’s Circle-Stress, 2D

Mohr’s Circle can be used more easily to determine the principal stresses at a point in a structural
member. To construct a Mohr’s circle, the following sign conventions are used.

1) Tensile normal stress components are plotted on the horizontal axis and are considered
positive. Compressive normal stress components are negative,

2) For constructing Mohr’s circle only, shearing stresses are plotted above the normal stress
axis when the pair of shearing stressés, acting on opposite and parallel faces of an
element, form a clockwise couple. Shearing stresses are ploited below the normal axis
when the shear stresses form a counterclockwise couple.

The circle drawn with the center on the normal stress (horizontal) axis with center, C, and radius,
R, where:

(1:O"x+0‘y
' 2
R= || &% + T
2 R

Then, the two non-zero principal stresses can be found as:

og,=C+R
6;,=C-R

The maximum in-plane shear stress can be calculated as, 7, = R

“max

. .. . 7-12
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Problem 7.18

An element is subjected to the following plane stress condition. The maximum principal stress in
psi is most nearly:

> 10 psi

20 psi

A 30 B.75 C. 200 D.24.14

Solution: D

2 2
Radius, R _‘/(JX 20"‘} red = \/[E%;QJ +10° =14.14 psi

o, +o, 20+0
2 2
o, =C+R=10 psi+ 14.14 psi = 24.14 psi

10 psi

Problem 7.19
What is the value of in-plane shear stress when principal stresses occur?

o, +0, o,—0,
5 B. — > : C.0 D. can have any value

A.

Solution: C

Principal stresses lie at the x-axis of Mohr Circle. At x-axis, y =0 {in-plane shear stress = 0)
Problem 7.20
The value of axial stress when the maximum in-plane shear stresses occur is most nearly:

O, t0, o, -0
x2 . B. “2 2 C.0 D. can have any value

Solution: A

g, +to
~—2 when the maximum in-plane shear stress occurs. Or, simply the

The axial stress is

center of the Mohr Circle.

. .. . 7-13
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Problem 7.21

What are principal stresses?

The average of axial stresses

The maximum in-plane shear stress

The maximum and the minirnum normal stiesses where shear stress are zero
Al of the above

ooy

Solution: C
The maximuni and the minimum normal stresses where shear stress are zero.
Problem 7.22

What is the angle between the planes of the two principal stresses?

180°
9

270°
360°

vnwp

Solution: B

The angle in the Mohr Circle is halved for real element. Angle between ¢, and o, is 180°
in the Mohr Circle. Thus, in the élement it is 180/2 = 80",

Torsion

If an object is subjected to a torque, T, then shear stress is developed in the section with no stress
at the center and the maximum shear stress at the cutmost fiber as follows.

- Tmax

x

The maximum shear stress due to torsicn stress in circular solid shafts is presented by:

_Tr

T

mx

. .. . 7-14
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where: /= polar moment of inertia

J = %:‘4 for solid shaft

J == 725 (r04 - r;‘) for hollow shaft with r.and rias the outer and the inner radii, respectively.

T is proportional to the distance from center. This means the. 7 is the maximum at the out-most

I}
fibers. The angle of twist (¢} can be calculate.as using the shear modulus, G: ¢ = .‘. (?] da = g}
s O

For Hollow, Thin~Walled Shafts, the shear stress can be determined as: 7 = 2'A ;

1
where:
¢ = thickness of shaft wall
Am = the area of a solid shaft of radius/equal to the mean radius of the hollow shaft
Problem 7.23.

If a torque is applied to a circular shaft, the maximum shear stress is developed at-

A. the center of the shaft

B. the inner fiber of the shaft

C. the outer fiber of the shaft

D. Cannot be determined unless the bedy is known

Solution: C
Problem.7.24

A circular shaft of inner diameter 12 inch and outer diameter of 14 inch is subjected to a torque of
100 kip.ft. The maximum shear stress developed (ksi) at the shaft is most nearly:

A 04 B.2.22 C. 484 D.6.23

Solution: C

SR O S AU £ NP~ A U . 4
Juz(ru r;.)—z(? 6')=1,736 in
¢=r,=7 inch

Te _100(12) kip.in(7 in) _ 4.84 ksi
J 1,736 in* ’

Maximum shear stress, 7, =

7-15
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Problem 7.25

A 2-ft circular shaft of inner diameter of 12 inch and outer diameter of 14 inch is subjected to a
torque of 10,000 kip.ft. The shear modulus of the shaft material is 10,000 ksi. The angle of twist in
radian of the shaft is most nearly:

A, 0.00166 B. 0.0166 C.0.166 D. 1.66

Solution: C

I

J :'3;:(;;;’ ~rf) :-’g-(?“ ~6')=1,736 in*

T'= 120,000 kip.in
L=2ft=24in
G= 10,000 ksi
7L 120,000 kip.in(24 in)

Angle of twist, p=——= — — = (.1661ad
JG 1,736 in"(10,000ksi)

Beams

Beam is a major structural member in civil engineering, Beam is defined as the essential moment
carrying member which can support axial force as well. As loads act perpendicularly to its
longitudinal axis, shear force also occurs in beams. Deflection is also.a major design consideration.
Steel beams are relatively long and slender. Therefore, lateral torsjonal buckling, web yielding, web
crippling, etc. are critical for steel beam. Depending on the support condition, it can be broadly
divided into four types as follows:

Type 1Simply supported beam: l
One pin, one roller support
=S
Type 2 Continuous beam: \ l
One beam with three or more supports R AR
,,,,,,,,,,,,, iy
7 W o

Type 3 Cantilever:
One end rigidly supported

. .. . 7-16
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Type 4Overhanging;
One or both ends are free, it may be
continuous

If a beam has rectangular or triangular loading, it can be converted into a concentrated loading to
determine the support reactions. Note that while determining shear and moment the loading

cannot be.converted into concentrated load.

Shearing Force and Bending Moment Sign Conventions

1) The bending moment is positive if it produces bending when the beam concave upward
{(compression in top fibers and tension in bottom: fibers).

2). The shearing force is positive if the right portion when the beam is downward with
respect to the left.

Pasitive Moment- Positive Shear
Compressive stress at the top fiber Right portion of the beam moves
‘Tensile stress at the bottom-fiber downward with respect to the left

For Shear-Force diagram:
Step 1: Determine all the support reactions using free body diagram of the whole beam
and then apply equilibrium equations.
Step 2: Follow the loads. For example; at the left support, if the left support reaction is
upward then go upward, and then proceed accordingly.

For moment diagram:

Step 1: Determine the area of the shear force; that is the moment.
Step 2: Proceed accordingly.

Stresses in Beams

When positive bending occurs in beam, it bends downward. The bottom fiber experiences tensile
stress and the top fiber experiences compressive stress.

7-17
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Neutral axis

where:

M = the moment at the section
I = the moment of inertia of the cross section.
¥ = the distance from the neutral axis to the fiber above or below the neutral axis

S =~ = section modulus. If the allowable bending stress, gar is known, then, the
¢
required section modulus (8¢} can be calculated as:
M
O

Now, from the section catalog, a section can be chosen which has Swq equal to or more than
required. This is the design philesophy for bending, Sometimes, ¥ is used instead of ‘&’to express
axial stress.

Problem 7.26

For the following beam, which of the following is a correct shear force diagram?

3 kips/tt

A ’ﬁ’f 108 f.}‘;j)':'x

a3 P >

. .. . 7-18
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C.
15 kips

le

! 5 £t 15 kips
D.

15 kips
A——
' 2f
Solution: A

ZMI:‘-=0

Reaction at the left support, 4,

2.F,=0
= Ay +B=30
= &-=15kips

_ 3(10)kips (5t)

15 kips

10f

=15kips

@seismicisolation
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3 kipifi

O ——ra

15 E,-ps 104 7115 kips

V (kips) 2
+f5

x (/i)

F

Sp

-15 kips

Problem 7.27

For the following beam, which of the following is the correct Moment diagram?

.

51t

15 kips-#t

54 15 kips-ft

7-20
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D.
15 kips-ft
e
NP \ 75 kips-ft
Solution: B
Problem 7.28

For the following beam section, what is the bending stress at the top fiber? The maximum moment
is 100 kips-inch, and the moment of inertia is 136 in*.

2.2 psi
2.2 kPa
2.2 ksi

SRR S S

Solution: C

The bending stress at the top fiber, & =

Problem 7.29

More data is required to calculate

Me 100kipsin(3in) _
136in*

2.2 ksi

For the following beam section, which of the following is true?

L

6in

@seismicisolation
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Shear stress variation is linear
Bending stress variation is linear
Shear stress variation is oval shaped
None of the above

90w >

Solution: B.

Bending stress variation is linear through the cross-section; it does not matter if the cross-
section is not uniform.

Problem 7.30

A beam section shown below, has a maximum positive moment of 100 kip.ft. What is most nearly
the developed maximum compressive bending stress at that section? The neutral axis is 3-inch
down the top fiber.

P 6in
2 mI 3in
6in
* !
" 2in
A, 205 kst
B. 26.5 ksi
C. 36.1 ksi
D. 441 ksi
Solution: B

6(2)

Moment of inertia, J = 2(6) +(2H6)(5 - 3) + —=L+ (2H6XT ~5)* =136 in*

Positive moment causes compressive stress at the top fiber. So, the maximum compressive
%': 1.00x12k1p‘.1r: (3mn) 96,5 Lsi
1 136 in

bending stress, o, =

Problem 7.31

A beam section shown below, has a maximum positive moment of 100 kip.ft. What is most nearly
the developed maximum tensile bending stress at that section? The neutral axis is 3-inch down the
top fiber.

7-22
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| 6in

>
2in

A, 205 ksi B. 26.5 ksi C. 36.1 ksi D. 44.1 ksi

Solution: I

Moment of inertia, 1 = % +(A6)5-3) + E%L +(2)(6)(7 —5)* =136 in*

Positive moment causes tensile stress at the bottom fiber. So, the maximum tensile

bending stress, o, = %{E 2z 100}{112?}21):1“4 (5in) =44.1 ksi
y H1

Problem 7.32

A beamn shown below, has a square cross section of 8 in. on each side. The absolute maximum
bending stress in ksi in the beam is most nearly:

20 kips
X

12 fe |

I

13.8
23.8
29.8
33.8

OO®

Solution; D

Mmar = 20 kips (12 ft) = 240 kips.ft
I=8(8)%12 =341.33 in*

c=4in
o= Me _24002kipn (4) _ 43 g1
7 34133

. .. . 723
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Problem 7.33

The maximum bending stress in ksi in the following beam is most nearly:

J, _ H }' 20 kips/te

18in

S

A. 138 B.17.8 C. 228 D.359.8

Solution: B

Minae = Force (distance) = [¥2(20 kips)(12 £)] [8 ft] = 960 kips.ft

I= 12(_18_)3X12 = 5,832 in* ; c=9in
_ _ﬂ__a’g _ 960x12k1p.1‘n4(9_-m) ~17.8 ksi
I 5,832 in
Problem 7.34

The maximum bending stress in ksi in the following beam is most nearly:

o 1 H J, l I | 20 ki
12in
- 28 i
A 116 B.6.6 C.22.8 D.19.8
‘Solution; A
> > M, =0 Y E =0
1 (20)12)(41t) > A, +B, =1(20)(12)
> A, =2 = 40 kips | 2
} 1216 = B, =80 kips

.Let the point of V=0 be ‘¥ ft from the left.

. .o . 7-24
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Y2112
= 40~0.833x2 =0
o x=693f

Minzx = Area under the V-Diagram = [2/3(40 kips)(6.93 ft)] = 185.7 kip.ft

I=8(12)%12 = 1,152 in*

c=8in _
M _ 185.7x1_2_k1p:1r; (6in) 116 ksi
I 1152 in
20 kips/f
40 kipsie 126 | 80 kips
V (kips)f
+ 4
x ()
a 6.93 f
M (kips-#)
-80 kips
+185.7 kips-fr
L x (1)
Problem 7.35

The allowable bending stress of steel W-beam is 30 ksi. The maximum moment calculated from the
analysis is 500 kips-ft. Is W18 x 40 section (which has section modulus of 68.4 in®) adequate for this
bending stress?

A. Yes

B. No
C. Adequate but too much over designed

Solution: B

. .. . 725
@seismicisolation


https://t.me/seismicisolation

Section Modulus required,

W18 x 40 section has S = 68.4 in? which is less than the required. Therefore, this section
is not adequate for this beam.

Note: W 18 x 106 section has Sy = 204 in3, which is just more than the required, and can
be selected.

Transverse shear stress:

Shear stress occurs due to the shear force in the beam section. Shear stress (£ or 7) can be expressed
as follows:

Shear stress, 7= 142
It
where:
V= Shear force at the concern point
= Moment of inertia of the section
t = thickness of the section at the concern point
) = Ay (A = area of the section above or below the concern point, ¥ = céntroid of this area

(A) with respect to the neutral axis,

Using the above equation two generalized cases can be developed:
|4

. 1. For rectangular section, 7 =1.5 =

. . v
2. For wide flange section, 7 = ——
dt,
Shear stress profile in a rectangular beam section is given below. It shows that shear stress is zero
at the upper and the lower ends, and its maximum at the neutral axis or at the centroid. This is true

for any kind of section.

v OI' T

Transverse shear flow:

The shear force per unit length of the beamn can be determined as follows:

e

=7

. .. . 7-26.
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This shear force value is required to determine the amount of force applied on nail or glue in a

beam section,

Problem 7.36

For the following beam section, what is the shear stress at the bottom of the flange? The shear force
is 100 kips, the moment of inertia is 136 in*, and the centroid is located at.3-inch down from the

top of the flange.
, 61}]’ 3
g »
zjﬂT Flange .
Jr Fin
v,
6 in
I Z2in!
A. 249ksi B.2.94 ksi C. 4.92 ksi D. 8.82 ksi
Solution: B
VO 100 kips (12 m>)(1+1) 1 .
Y0 100 kps (2 mUEDM _ g gq i
It 136 m*(6m)
Problem 7.37

A 12-ft simply supported beam is having a uniformly distributed load of 3 kip/ft as shown below.
The cross-section of the beam is 12-in x 18-in. The maximum shear stress developed in the beam is
most nearly:

3 kipsift
I8 in
A -G’/Q’ }2_".?_ ,:}/B : .
: ' U 2in
A. Bksi B. 105 ksi. C. 125 psi D. 140 psi
Solution: C

@seismicisolation 7
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Maximum shear force, V, = Y = 5 =18 kips

ron = 215t s ABKDS _osn 125psi
It A (I2m) (18 m)

Problem 7.38

A 16-ft simply supported beam is having a uniformly distributed load of 3 kip/ft as shown below.
The cross-section of the beam is a T-section with 18-in x.7-in flange and 18-in x 2-in web. What is
most nearly the maximum shear stress developed in the beam? Consider the flange a wide flange.

! 8in

?(——--m--—---)g
4 kips/ft : 2 in
18 in
e P
A //; 164 /fi%
A, 100 ksi B. 800 psi C. 130 ksi D. 1,235 ksi’
Solution: B
’ 1 .
Maximum shear force, ¥, = % = ﬂg;—) =32 kips
v 32 kips

Maximum shear stress, 7, =——=————————=(.8ksi =800 psi
di, (20in)2in)

Deflection of Beams

It is a must that any structural member will deflect more or less. (visible or iﬁvisible) upon applying
load. While designing any structure, it is a design requirement to let the deflection reaching a
certain limit so that the users themselves feel safe and comfortable. The maximum deflection that
is allowed is called the allowable deflection. The possible deflection for different structures under
different loads types are given in the NCEES FE Ref. Handbook. For example, for a simply
supported beam with uniformly distributed load:

. .. . 7-28
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i
3
5
i
i
;

r:i
i
Swit
The maximum deflection, v, =— W
384 Ef
. ] _ wi
The maximum deflection slope, &, ==
24 K1
wx
The elastic curve, v =— (x3 -2Ix* + L3)

24ET
Therefore, the design philosophy for deflection is that the maximum possible deflection, due tothe
applied loads on a member, must be equal or less than the allowable. If not, choose a larger section
which satisfies the allowable deflection limit.

Composite Sections

The bending stresses in a beam composed of dissimilar materials (material 1 and material 2) where
Etr > Ezare:

My
oy =n
I,
o =M
P

where:
I.= the moment of inertia of the transformed section

E
21 = the modular ratio, —-

5
E, = elastic moedulus of material 1

E, = elastic modulus of material 2

The modiilus section is transformed into a section composed of a single material. The centroid and
then the moment of inertia are found on the transformed section for use in the bending stress
equations.
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Problem 7.39

Which of the following statements is true for a beam?

Shear force causes twist in a beam

Bending causes compressive stress.at upper fiber and tensile stress at the bottom fiber.
Shear force occurs perpendicular to the applied force.

Bending causes angular twist in the beam

o0 ®

Solution: B

Positive bending causes compressive stress at the upper fiber and tensile stress at the bottom
fiber. The neutral axis remains unaffected. Torsion produces twist in the beam.

Problem 7.40

Which of the following relationships is the right definition of moment?
Moment = Force x distance

Moment = Torque X perpendicular distance

Moment = Force x perpendicular distance
None of the above

00w

Solution: C

Moment = Force x perpendicular distance. Sometimes, the word ‘perpendicular’ is not
written but it is the perpendicular distance.

Problem 7.41
The unit of bending stress or shear stress is most nearly:

Pound per square feet
Newton per feet
Pound per cubic feet
None of the above

COoR

Solution: A

The right unit of bending stress or shear stress is pound per square feet. In SI unit it is Newton
per square meter.
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Problem 7.42

Which of the following statements is true?

The failure stress is greater than the ultimate stress for tensile test in mild steel
Yield stress is the limiting stress of the linear portion of stress-strain curve
Poisson’s Ratio of steel varies between 0.6 to 0.7

Allowable stress is less than the failure stress

SO®p

Solution: D
Problem 7.43

Which of the following diagrams is the correct qualitative bending moment diagram for the
following beam?

2 kipx 2 kips

Solution: B
Problem 7.44

‘What is the maximum deflection (in.) of the following beam? £'= 29x10? ksi, and 7= 1,200 in*.

3 kipsift

A
¥

18 fi

7-31
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0.90
1.95
235
5.62

o 0w

Solntion: B

Wt 3 kAt ( 1—— )(18x12 in)*
The maximum deflection, v = = 12 =1.951n

" T SET  8(29x10° ksi)(1,200 in")

Problem 7.45

The following beam is composed of wood and two steel plates at the top and at the bottom of wood
as shown. The beam has a maximum moment of 100 kip-in. What is the maximum bending stress
developed in the steel? £:=210 GPa, Fwv= 21 GPa..

T 4in
steel 20 in
\ & 4 in

95 psi
95 ksi
0.95 ksi
0.95 psi

SO

Solution: A

E, _210_

=—1= =10
E, 21
3 3
Moment of Inertia, 7 = 1201(58) -2 54(1220) =147,520 in*
Maximum bending stress in steel, & =n . = 0100 KPABAIN) _ 4 406 1 95 s

I 147,520 in*

. .. . 7-32
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12n=12(10) = 120 in

Problem 7.46

A simply supported 15 ft long beam has a load of 3 kip/ft. Is the section adequate for deflection

L
criteria? &= 29x10% ksi, 7= 882 in%, and the allowable deflection limitA ,, = 30"
3 kipsift

;lllfllllll{}lflllllll

A vin I5

B e
L

A, Yes
B. No

Solution: A

5wl 5(3 kips/R /(12 m/ft))(15x12 in)*

T3%4KT 384(29x10°ksi)(882 Yy
L 15x12

The allowable deflection limit, A, = = —— ={,51n.
360 360

A > A, ; Therefore, the section is adequate considering the deflection.

0.13 in.

The maximum deflection, A,

Problem 7.47

A steel W-section beam has the maximum moment of 100 kip-ft and allowable bending stress of
20 ksi. Which of the following sections is adequate to support this bending?

A, WI16x36 B. W12x40 C. W10x39 D. W10x60

Solution: D

Thie required section modulus, § = M = lo—o{lz)ﬂ]ﬂ =60m’

o 20 ksi
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W10 x 60 has §> 60 in3, All other sections have S-values lower than 60 in3,

Problem 7.48
Which of the following conditions-is a correct design principle?

Actual deflection > allowable deflection
Actual axial stress > allowable axial stress
Actual shear stress < allowable shear stress
All of the above

oOw

Solution: C
Actual axial stress, shear stress, and deflection must be equal or less than the allowable ones.
In practice, it would be expected that actual axial stress, shear stress, and deflection be less
than the allowable ones.

Problem 7.49

Which of the following parameters is a factor for beam deflection?

A, Load magnitude
B. Beam span length
C. Moment of inertia and the beam’s modulus of elasticity
D. All of the above
Solution: D

Load magnitude, beam span length, the moment of inertia of the beam cross-section, and
the beam’s modulus of elasticity are factors in the amount of deflection that results.

Columns

There is no sharp definition of short column and long column. The understanding is that short
column tends to fail in compressive yielding. On'the other hand, if a column is tall, it fails by lateral
displacement at the middle {called buckling). In compressive yielding failure, material is utilized
perfectly and shows visible deformation before failure. On the other hand, bucking failure is
sudden and material properties are not perfectly utilized.

Depending on the shape and length of the column, Leonhard Euler developed an equation to
determine the critical/maximum load below which no buckling is to be occurred. That load is called
Euler Buckling load. It is determined as:

7 El .

P Zmin
critical (KL)z
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Periviear= Euler Buckling load

E = Modulus of elasticity or Young's Modulus
Jnin = Minimum moment of inertia

K = Effective length factor

L = length of the column

'IJ
crificad

Then, critical stress {£rica) can be caleulated as- £, = ==

A

where: A = cross-sectional area of the column.

The value of X depends on the support conditions of the column. The NCEES FE Ref. Handbook
lists K-values for different conditions in Civil Engineering Section. Theoretical effective-length
factors (&5) for columns include:

Pinned-pinned, K= 1.0

Fixed-fixed, K= 0.5

Fixed-pinned, K= 0.7

Fixed-free, K= 2.0

Critical buckling stress for long columns: O, =~ =

i
.= radius of gyration, [H]

r}mn

—— = effective slenderness ratio for the column

Frrin
Problem 7.50
KI/ris known as-
Buckling load
Buckling length to radius ratio

Slenderness Ratio
Compact Ratio

o0 mp

Solution: C
KI/ris known as Slenderness Ratio.
Problem 7.51
For calculating the buckling stress, which radius of gyration should be used?

A. Radius of gyration about the x-axis

. .. . 735
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B. The smaller radius of gyration
C. Radius of gyration about the y-axis
D. None of the above

Solution: B

The smaller radius of gyration is used for calculating the buckling stress. Tt gives
conservative results,

Problem 7,52

Lateral bucking occurs for-
Long-thick column
Short-thin column

Short-thick column
Long-thin column

SOw

Solution: D

Long thin column fails by lateral bucking. Therefore, the design guidelines restrict the length
and cross-sectional area,

Problem 7.53

A 12-ft long column is pin supported at both ends. The cross-section of the column is shown below.
What is most nearly the critical buckling stress (ksi) of the column? £ = 2,000 ksi.

A. 3.1 B. 4.1 €51 D.61

Solution: C
8(12)° .
Moment of inertia about horizontal axis, /, = (12) =1152in*
o o 12(8)’ R .
Moment of inertia about vertical axis, [, = 55 512 in” [this is the minimum]
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, 512
Minimum radius of gyration, 7, in’ =23lm
8(12) in*

72 (210 ksi)

KL T (1002x12)in Y
. 231'in

The Euler Buckling formula characterizes -

5> =5.1 ksi

Critical buckling stress, o, =

Problem 7.54

Bending stress

Lateral deflection

Elastic buckling
Comparatively short column

o 0wy

Solution: C
Elastic Strain Energy

If the strain remains within the elastic limit, the work done during deflection {extension) of a
member will be transformed into potential energy and can be recovered. If the final load is Pand
the corresponding elongation of a tension member is § (whose initial length is L), then the total
energy (L) stored is equal to the work (W} done during loading.

1
U=W==Po
2
e . S U 1o?
The strain energy per unit volume (#) is given as: u = T = 3E (for tension)

Problem 7.55

A tensile force of 100 kN is applied on a 0.02 m diameter 2 m length rod. After applying the load,
the diameter of the rod decreases to 0.01998 m and the length increases to 2.01 m. The work (J)
done during the loading is most nearly:

A. 05 B. 500 C.50 D. 5,000

Solution: B

Work done, U =W = %_P(S = %(100 KN)(0.01 m)= 0.5 kJ =5001]
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Problem 7.56

A tensile force of 100 kN is applied on a 0.02-m diameter 2-m length rod. After applying the load,
the diameter of the rod decreases to 0.01998 m and the length increases to 2.01 m. The strain energy
per unit volume is most nearly:

A, 0.795 M}J/m3 B. 0.975 MJ/m3 C.0.795 [/m? D. 0.795 kJ/m?
Solution: A
Axial stress, ¢ = % = M—" =318,309 kPa =318 MPa

o 5
Z(0.02

4( m)

AL L-1I, 201-20

Axial strain, &, = — = — . =0.005=0.5%
L, I 2.0
Blasticity, £ =25 =213 MP2 _ 63600 MPa = 63.6 GPa
e, 0.005

o

. , | o’ {318 MPay
Strain energy per unit volume, # = —— = = —
- AL 2E  2(63.6x10° MPa

) =0.795 MJ/m’

Material Properties

Some common material properties are listed in the NCEES FE Ref. Handbook. Please skim through
it so that you become familiar with these two tables.

Problem 7.57
The Modulus of Rigidity of typical brass material is most near]y:
A, 40x103% ksi B. 5.8x10? ksi C. 29x108 ksi D. 210 GPa
Solution: B
The Modulus of Rigidity of Brass is 5.8x10° ksi from Table 1.
Miscellaneous Problems
Problem 7.58
Modulus of Rigidity is defined as the —
A, Capacity of deflection resistance

B. Initial slope of shear stress versus shear strain curve
C. Slope of stress-strain curve
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D. Energy required before the failure

Solution: B

Modulus of Rigidity or Shear Modulus is defined as the Initial slope of shear stress versus
shear strain curve

Problem.7.59
Modulus of Elasticity is defined as the —

Capacity of deflection resistance

Slope of stress versus strain curve until elastic region
Initial slope of stress-strain curve

Energy required before the failure

onwp

Solution: C

Modulus of elasticity is defined as the initial slope of stress versus strain curve or any point
up to the proportional limit.

Problem 7.60

Hooke's law is valid up to -
Yield point

Elastic region.

Linear stress-strain region
Any point in stress-strain curve

onwE

Solution: C

Hooke’s law is valid up to the proportional limit or linear portion of stress-stress curve. It
is valid up to yield point or up to elastic region if the whole elastic region is linear, which.
is very rare.

Problem 7.61

Which of the following statements is true for the following member? The cross-sectional area is
the minimum along the dash line.

. .. . 7-39
@seismicisolation


https://t.me/seismicisolation

Axial stress is equal to B/Amin
Axial stress is greater than £/Amia
Axial stress is smaller than P/Awia

None of the above

o0 p

Solution: B

For-a sudden change in cross-section, the actual stress is greater than the calculated one using
Me

o= I or O=——o0r 7= I That increasing factor-is called the stress concentration factor.
4

Problem 7.62

Which of the following statements is true for the following member? The cross-sectional area is
the minimum along the dash line.

: Me
A. Bending stress is equal to o= N3

. X Mc
B. Bending stress is greater than o = T

C. Bending stress is smaller than & = e
D. None of the above
Solution: B

See the previous problem.
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Problem 7.63

For an A36 steel, the total of 0.011 strain occurs if the stress of 55 ksi is applied. What will be most
nearly its permanent strain for this stress level (55 ksi)?

A, 0.011 B. 0.00124 C. 0.00223 D. 0.0098
Solution: D
E=29x10° ksi for any kind of steel; A36 steel means, gy = 36 ksi
oA
L2 77| — :
e
a'i, % Epp gy = 0041 >
Elastic/yield strain, £, = Ol-; = E}% =0.00124

Erotar T 8jr + & pormanent
& -g =0.011-0.00124 = 0.0098

ermanent Epotat ¥

Problem. 7.64
On a cube element, a vertical compressive stress of 20 ksi is applied. The resulting lateral
compressive stress is 12 ksi in both orthogonal lateral directions. The modulus of elasticity of the

material is 23,000 ksi and the Poisson’s Ratio is 0.25. The vertical compressive strain of the cube
element is most nearly:

A, 0.00061 B. 0.00087 C. 0.00097 D. 0.0097

Solution: A

. .. . 7-41
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Let us assume the compressive stress is
positive. The stress block is shown; the

balancing stresses are not shown for o: = 20 ksi
simplicity.
- 0, = 12 ksi
o, = 12 ksi
1 1 . i ;
g, =<0, ~Vo, + 0, )|= - [20ks1 — 0.25(12 ksi + 12 ksi )| = 0.0006 ]

Remember: & = % is true for 1D body only.

Problem 7.65

An element is subjected to the following plane stress conditions. The principal stresses (psi) are

most nearly:
A

* 10 psi

15 psi

’'S psi
A. 9.14,-19.14

B. 14,14, -5.00

C. 14.14,22.14

D. None of the above

Solution; A

From the NCEES FE Ref Handbook, the Mohr Circle Radius,

2 2
R:J[J"‘ ;G] vz :J(“IZ“S] +107 =14.14 psi

o +to, -—15+5
x ¥ _ . =_5
2 2 ps
o1 =C+R=-5psi+14.14 psi=9. 14 psi
o5 =C - R=-5psi-14.14 psi = -19. 14 psi

C=

.. . 7-42
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Problem 7.66

For the following simply supported beam, the maximum bending stress at ‘C is most nearly:

12 kips 8 kips/ft

A. 444 ksi B. 444 psi C. 328 psi D. 1,423 psi
Solution: B

To determine the maximum bending stress at (, we need the internal moment at C first.
TMs=0

14 (8 kips/ft)(3 ft) (2 f1) + 12 kips (7 ft) — A (9.f1) =0

Ay =12 kips

12 kips

12 kips

SMat C=0

~ Me- 12 kips (2 ft) + 12 kips (4 ft) = 0

Mec =24 kips-ft = 288 kips-in

Mec  288kip.in (9in)
12

= 0.44 ksi = 444psi

o =

Problem 7.67

For the following simply supported beam, the maximum shear stress (psi) at *C’ is most nearly:

30 kips o kipsift

743
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A. 0.037 B. 37 C. 654 D.533

Solution: B

To determine the maximum shear stress at C, we need to find the internal shear at ¢ first.

>M=0
Ya (4 kips/ft)(3 ft) (2 ft) + 30 kips (7 f) - A, (9 fr) =0
Ay =24.67 kips
24.67 kips |
25=0
- V- 30 kips + 24.67 kips = 0
Ve=5.33 kips

:KQZI SE—*I 5 5.33 kips

For rectangular section, r__ D— =15 e
It A {12in) (18'in)

=0.037 ksi =37 psi

Problem 7.68

A cylindrical vessel has an outer diameter of 14 inch and a wall thickness of 0.5 inch. After applying
& pressure of 100 psi, a transverse crack was developed at the vessel wall. The axial cracking stress
(psi) of the pressure vessel is most nearty:

A. 500
B. 675
C. 900
D. 1,200

Solution: B

Transverse crack developed means it was failed in axial stress.

Outer radius, r, = 14_1n =7 m

Inner radius, #, =7-05=65n
r+r,  65+7

=6.75m
2 2

Average radius, ¥ =

{ - 0.5 in _ i < Ilm ; so it is a thin-walled pressure vessel.

r, 65 13

; .. : 7-44
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s =P 100 psi(6.75 i)
o2t 2(0.5) in

Problem 7.69

=675 psi

A compression block is supporting a corner load of 24 kips. The base dimension of the block is'10-
fi x 2-ft, and the height is 6 ft. The total axial stress (ksf) at the other corner, A, due'to this eccentric

loading is most nearly:

1.2
1.3
1.1
6.1

Dowy

Solution: B

Total axial stress = normal stress +
bending stress

Ot = Oy £ M, x -Mycy
I 1,

P Me Mg,
o - [ -

A I, 1,

24kips  24(1) (124)5)
JE—— + —

(10}2) 6.67 166.67
=-12+43.6-3.7
=—1.3 ksf

M:= moment with respect to x-axis

=24 k(1 ft) = 24 k-ft
¢x = point of concern from the yaxis =1 ft
F= moment of inertia with respect to x-axis

1 1of2)
bt _10Q2) _ o o ae

12 12
My =24k( ft) = 120 k-ft
G=5f

Jy=moment of inertia with respect to x-axis

3

LA L) PP
12 12

- M produces tensile stress at 4

-M, produces comp. stress at A
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Problem 7.70

The shear force diagram of a particular beam is shown below. All the lines shown are straight lines.
The shear force is expressed in pound, the distance is expressed in feet. The maximum bending
moment (Ib.ft), regardless of positive or negative, in the beam is most nearly:

A h 100
V(lb)
50 50
\ ; ft
0 10 30 ag >~
-100
A. 570
B. 425
C. 750
D. 250
Solution: C

M is maximum where V= (. Therefore, the potential points are x= 10, 30 ft from left.

Sum of area of Vdiagram from left to 10 ft = ¥ (50 Ib) (10 ft) = 250 1b.ft
Sum of area of V-diagram from left to 30 ft = ¥2 (50 Ib) (10 ft) + ¥ (-100 Ib) (30— 10 ft) = -750 1b.ft

M(lb.ft)“//m\
> x(ft)

0 10 20N, 30 40

-750

Beyond the upmost effort, this book might have few errors or inappropriate explanaiion. The author Is apologizing for that. The author
is requesting the readers ro report any concern about the beok at baoks.mrislam@gmail.com. Any suggestion ro improve this book, or.
any Jssue reported will be fixed in the next edition/printing with proper acknowledgement.
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8 MATERIALS

Fundamentals of Engineering (FE) CIVIL Exam Specification mentions, 4-6 questions may appear
in the exam based on Materials as follows:
A. Mix design (e.g., concrete and asphalt)
B. Test methods and specifications {e.g., steel, concrete, aggregates, asphalt, wood)
C. Physical and mechanical properties of concrete, ferrous and nonferrous metals, masonry,
wood, engineered materials {(e.g., FRP, laminated lumber, wood/plastic composites), and
asphalt

The fact is that this topic is embedded in Mechanics of Materials, Structural Steel Design,

Reinforced Concrete Design, Transportation Engineering, and so on. Go through those topics for
your understanding. Few areas which are not included in those areas are discussed here.

Material Types

Ductile Material The material which shows significant elongation/deformation before failing is
called ductile material. Examples are mild steel, rubber band, etc.

Brittle Material. The material which does not show significant elongation/deformation before
failing is called brittle material. Glass, concrete, etc. are examples of brittle material.

Material Behaviors

FElastic Material. Elasticity is the ability of a material to resist deformation or stress and to return to
its original size and shape when the stress is removed. Materials deform when forces are applied on
them. If the material is elastic, the object returns to its initial shape and size when these forces are
removed. This behavior does not depend on the loading rate. For very small amount of stress, few
materjals can be considered as elastic. With increase in load/stress, material goes beyond the
elasticity and permanent deformation may occur. Then, the material does not come back to its
original position and shape upon releasing the load. Elasticity can be linear; stress is proportional
to strain. This is called Hooke’s Law. Elasticity can be non-linear; strain is not proportional to stress.
Plastic Material, Plasticity is the permanent deformation behavior of a material. Upon releasing
load from a body, if it does not come back to its original position and shape, then its behavior is
somewhat plastic. For perfectly plastic body, upon releasing load, no part of the deformation heals.

81
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Viscous Material. Viscous material shows time dependent deformation behavior. It has two
important properties: creep and relaxation.
Creep. It is defined as the time rate of deformation. For viscous material, if a fixed amount
of load or stress is sustained on a body, the deformation or strain increases with time.
Relaxation. For viscous material, if a fixed amount of deformation or stain is sustained on a
body, the load or stress relaxes with time..
Fatigue Behavior. For a small amount of loading a body may not fail. However, if that small amount
of load is repeated for many times, it may fail. This behavior is called fatigue. Fatigue occurs when
a material undergoes repeated cycles of loading. For example, if you bend a hair clip a certain
amount it may not fail. But, if keep on bending and releasing a hair clip for thousands of times, it
may fail. There is a limit of applied stress or strain, for which a material does not fail or can take
infinite amount of loading is called fatigue endurance limit..

‘Tensile Strength

For plain carbon steels, there is a general relationship between Brinell Hardness and tensile
strength as follows:

TS (psi) ~ 500 BHN
TS (MPa) = 3.5 BHN

Fracture Toughness

-

The combination of applied stress and the crack length in a brittle material. It is the stress intensity
when the material will fail.

K. =Yom

Kic = fracture toughness

o= applied engineering stress

a = crack length

¥ = geometrical factor (Y= 1.1 for exterior crack; ¥= 1 for interior crack)

The critical value of stress intensity at which catastrophic crack propagation occurs, K, is a
material property.

Composite Materials
p.= Z 5o Subscript, ¢= composite; 7= any part
C = Z fc o= strength parallel to fiber direction
€ Lt p = density
o, :Zf, O; C'= heat capacity of composite per-unit volume
E = Z fE, £'=Young's modulus

.. : 82
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Material Testing

Tensile Test

Tensile test in material is conducted to-determine the modulus, yield point,
ultimate stress, failure stress, etc. A sample is clamped and pulled axially. The
force and deformation are recorded. The test can be force controlled or
displacement controlled. The stress-strain diagram is plotted to determine the
desired mechanical properties.

Compressive Test

Compressive test is conducted by applying axial compressive load in a sample to determine the

confined and unconfined compressive strength of material. Examples of compressive strength tests
are determining unconfined compressive strength of soil, compressive strength of concrete, etc.
Impacr Test

The impact test determines the amount of energy absorbed by a material during fracture. It is also
known.as the Cheirpy V-notch test. This absorbed energy is a measure of a given material's notch
toughness. The test apparatus is mainly a pendulum of known mass and length. It is dropped from
a known height to impact a notched specimen. The energy transferred to the material can be
inferred by comparing the difference in the height of the hammer before and after the fracture
(energy absorbed by the fracture event).

a) Impact Test Equipment b) Notched speciment c} Failed speciment
Fig. Impact testing

Hardness Test
Hardness test measures the resistance to indentation/penetration of a material, For a given indenter

with fixed load, the more the penetration the lower the hardness of the material surface:

Now practice the following problems related to mechanics of materials, and material testing. There
are some topics which are not discussed above; however, those are discussed below using problems.

Problem 8.1

The tensile strength capacity of a material is 50 ksi. The allowable stress of that material if the factor
of safety is 2.0 is most nearly:

. .. . 8-3
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50 ksi

25 ksi

100 ksi

Cannot be determined

SRS

Solution: B
Allowable stress=failure stress /factory of safety =50 ksi/2 = 25 ksi

Problem 8.2

Which of the following materials (4 or B) is ductile?

A
O
B
A
9 £ >
Solution: A
Problem 8.3
What is the toughness?

A. Time dependent damage

B. Damage by repeated load

C. Energy absorbed up to elastic limit
D. Energy absorbed up to failure

Solution: D
Time dependent-damage: Creep Behavior
Damage by repeated load: Fatigue
Energy absorbed up to elastic limit: Modulus of Resilience
Energy absorbed up to failure: Toughness
Problem 8.4

Which test measure the capacity of a surface to resist deformation?

A. Creep
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B. Fatigue
C. Hardness
D. Toughness

Solution: C
Problem 8.5

Which of the following curves is due to creep test?

v

time timea

v

Y

tHme fme

Solution: B (In creep test, constant stress is applied on viscoelastic materials; then, strain increases
with time)

Note: Viscoelastic materials have both elastic and viscous properties. Elastic means deformation
occurs instantly after applying load and come back to original position upon releasing load. Viscous
materials take time to deform upon loading and take time to restore upon releasing the load.

Problem 8.6
Which of the following statements is true?

Hardness test measures the toughness of a‘material

Stiffness-and hardness are the same property

The region between proportional limit and the yield point is called plastic region
None of the above

gowpE

Solution: D
Hardness test measures the resistance of surface deformation of a material.
Stiffness and hardness are not the same property.

. .. . a5
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The region between proportional limit and yield point is called non-linear elastic region.

Problem 8.7

Which of the following curves is due to relaxation testing?

A A
£ o
.A. . B.
P
g Hme
O" b
£
) . \
3 >
time time

Solution: D

In relaxation test, constant strain with time is app']ied on viscoelastic materials; then, stress
decreases with time.

Problem 8.8
Impact test 1s not done —

. 'to determine the amount of energy required to cause failure in standardized test samples
repeatedly over a range of temperatures

to determine the ductile to brittle transition temperature

to determine the surface resistance against deformation

onNwp

Solution: D
Hardness test is done to determine the surface resistance against deformation. The first
three options are true for impact test.

Problem 8.9
Thermal expansion coefficient is related to-

A. True strain
B. Engineering strain

8-6
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C. True stress
D. Engineering stress

Sclution: B

The thermal expansion coefficient is the ratio of engineering strain to the change in
temperature.

Problem 8.10

While mechanical processing of metal, raising temperature does not cause —

recovery (stress relief)

increase strength and lowers ductility
recrystallization

grain growth

O0wpE

Solution: B
Raising temperature causes (1) recovery (stress relief), (2) recrystallization, and (3) grain
growth. On the other hand, Cold working (plastically deforming) a metal increases strength
and lowers ductility. See the Materials Section of the NCEES Ref. Handbook.

Problem 8.11

Using the amount of load required to produce a small amount compressive deformation in a steel
bar, which: of the following parameters can be determined?

A. Hardness B. Ductility C.Modulus  D. Compressive strength
Solution: C
P
. . c_ 4 PL . .
Modulus is defined as F = <~ = %~ =~ The area (A) and the initial length (Z) are
L

typically known. Therefore, using the amount of load required to produce a small amount.
compressive deformation in a steel bar, modulus of steel can be determined.

Problem 8.12

A 4-ft long simply supported beam is tested until failure by applying a concentrated load at the
mid-span. The beam is 6-in wide and 10-in high. Crack initiates at the bottom fiber of the beam,
roughly at the mid-span at 3,000 b of loading. The tensile strength of the beam is most nearly:

. .. . 8-7
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A. 240 psi B. 300 pst C. 360 psi D. None of the above
Solution: C

Positive bending moment causes tensile stress at the bottom fiber of beam and compressive stress
at the top fiber of the beam.

Maximum moment, M = PL/4= 3,000 b (4 x 12) in / 4 = 36,000 1b-in
bl
I= Tl 6(10)%/12 =500 in*

o= M%= 36,000 lb-in (5 in) / 500 in* = 360 psi

Problem 8.13

A 1.0-cm-thick brass plate is 25 cm wide. It has an interior crack of 4 cm length. If a tensile force
of 5 kN is applied as shown below, the stress intensity factor at the end of the crack tip is most
nearly:

tt 111111

L

A. 2.0 MPa~vm B.0.71 MPa+m C. 0.78 MPa~/m D. 0.5 MPa/m
Solution: D
From the NECCES FE Ref. Handbook, Materials Science/Structure of Matter,

Y= 1.0 for interior crack

. .. . 88
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i
H
;
i

a=4em/2=2cm=0.02m
F 5000 N

)

K, = Yo =(1.0{2MPa),(x)0.02m) = 0.5 MPa~/m

Problem 8.14

A 1.0-cm-thick brass plate is 25 cm wide. It has an exterior crack of 2 cm length. If a tensile force
of 5 kN is applied as shown below, the stress intensity factor at the end of the crack tip is most
nearly:

A W S N A

| R A A

A. 2.0 MPa~/m B.0.71 MPas/m  C.0.78 MPas/m  D.0.55 MPa~r/m
Solution: D

Y= 1.1 for exterior crack
a=2em=0.02m

d SO N =2xi0° &

K. = Yo m =(1.1{2MPa)\()0.02m) = 0.55 MPa~/m

Concrete

Concrete is the most common material in civil engineering. It is a composition of coarse-aggregate,
fine-aggregate (sand), cement and water. Cement is the binding agent; it reacts with water,
hydrates, and gives strength to whole mix. Certain amount of water is required for the cement to
fully hydrate, and make the mix workable. However, excess water creates large bubbles inside the
mix once evaporates, and makes the coricrete weaker and non-durable. Today, three general types
of portland cement are primarily used for agricultural applications:

. .. . 83
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Type Icement is the normal, general purpose, and most common type. Unless an alternative
is specified, Type I is usually used.. '
Type Il cement is modified to release less heat during hydration, and is therefore, more
suitable for projects involving large masses of concrete-heavy retaining walls, or deadmen
for suspension bridges.

Type Il cement produces concrete that gains strength very rapidly. It is very finely ground
and sets rapidly, making it useful for slip-form construction and cold-weather jobs.

Good water is essential for quality concrete. It should be free of trash, orgaric matter and excessive
chemicals and/or minerals. The strength and other properties of concrete are highly dependent on
the amount of water and the water-cement ratio. Enough water is needed for full hydration, but
too much water leads to shrinkage cracks, voids, low strength, and generally poor-quality concrete.
If a mix is too stiff to handle well, and the water-cement ratio is not known, do not just add water.
Either reject the batch, or add both cement and water. Re-proportion subsequent batches to
produce the right consistency and workability.

While concrete mix design, it is assumed.that aggregates are dry. The proportions of aggregates,
cement, and water is determined. Then, depending on the absorption capécity of aggregate, and
available in-situ moisture content, the final water required is calculated. This process is very
important for the FE Exam. Let us see one problem.

Problem 8.15
A concrete mix design originally had the following quantities:

Cemient = 700 Ib/yd*

Coarse Aggregate = 1,700 Ib/yd®
Fine Aggregate = 1,100 Ib/yd®
Water =300 Ib/yd®

The aggregates were considered oven-dry condition. However, the coarse and fine field aggregates
had 5% and 4% moistures respectively. The absorption rate for both types of aggregates is 0.5%.
The amount of water to be used is most nearly:

A, 202 Ib/yd3 B. 185 Ib/yd? C. 175 Ib/yd? D. 165 1b/yd?
Solution: B

(5% —0.5%)
100

4%—0.5%
L_/_OIB%S—A]) (1,100) =38.5 Ibyd®

(1,700) =765 Ib/yd?

Excess water in Coarse-Aggregate =

Excess water in Fine-Aggregate =

. .. . 8-1¢
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Amount of water to be used = 300—76.5-38.5=185 MP;

yd

The above problem had excess water at in-situ condition for both coarse aggregate and fine
aggregate. This is why, we deducted it from the required except the water that will be absorbed.
Some other problems related to concrete mix design are-discussed below.

Prcblem 8.16

A concrete mix has cement : sand : aggregate = 1 : 1.5: 2.5 by weight. The specific gravity of cement,
sand, and course aggregate are 3.15, 2.62, and 2.65 respectively. The cement bought had 94 1b in
each sack. 6 gallons of water was used for each sack. The mix design had 4% air void by volume.
The amount of cement per cubic in pef foot used is most nearly:

21.3
25.3
0293
33.3

=S

Solution: B

_ Weight (W) W
" Unitweight () Gy,

Volume of 1 sack of cement,

w o %4l
Gy, 3.15(62.4)

W _15x940
Gy, 2.62(62.4)

W 25x941h
Gy, 2.65(62.4)
Added water in 1 sack of cement = 6 gal = 6/(7.48) ft* = 0.8 ft®
Volume of cement, sand, aggregate, and water = 3.56 ft3 (96% of volume, 4% air void)

Total volume = 3.56 ft¥/ 0.96=3.71 ft*
Quantity of cement used = 94 1b / 3.71 ft* = 25.3 pcf

=0.478 f*

86 ft*

Volume of sand used in 1 sack of cement,

1.42 &3

Volume of aggregate used in 1 sack of cement,

Problem 8.17

In a concrete mix design, a student proposed 70% aggregate, 20% cement, and 10% water. If the
amount of aggregate used was 20 kg, the amount of cement is most nearly:

A. 0.175kg B.5.71 kg C.286kg  D.897kg

Solution: B
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70% is equivalent to 20 kg. So, 20% is equivalent to (20/70)*20 =5.71 kg

Problem 8.18

Two concrete cylinders (6 in x 12 in) were tested in uniaxial compression test. The samples failed
at 88.5 kips and 90.5 kips load. The average compressive strength of the samples is most nearly:

A. 895 ksi B. 3.17 ksi C. 0.80 ksi D..3.71 ksi
Solution: B

Strength of sample. 1 = Loazd: 83.5 kips =3.13 ksi

. 26
& 3
Strength of sample 2 = 1034 _ 903 Kips _ 5 5 ¢
D z6
4 4

Average = 3.17 ksi
Problem 8.19
Concrete strength means -
Cracking strength
Compressive strength

Tensile strength
Shear strength

Oowp

Solution; B
Problem 8.20
Which of the following types is a general-purpose cement?
A. Typel B. Type I C. Type 11 D. Type IV
Solution: A
Problem 8.21
Which of the following is false?

A. Initial set occurs when the paste begins to stiffen
B. Final set occurs when cement has hardened to a point which can sustain load

. .. . 8-12
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C. The specific gravity of portland cement is 3.15
D. None of the above

Solution: D

All the three statements are true.
Wood

Wood is an extremély versatile material with a wide range of physical and mechanical properties
among the many species of wood. Freshiy-cut tree (wood) is seasoned to reduce moisture to a
suitable level. Because of the orientation of the wood fibers and the way a tree increases in diameter
as it grows, properties vary along three mutually perpendicular axes: longitudinal, radial, and
tangential. The longitudinal axis is parallel to the fiber (grain) direction, the radial axis is
perpendicular to the grain direction and normal to the growth rings, and the tangential axis is
perpendicular to the grain direction and tangent to the growth rings. Although timber and lumber
are used in different meaning in different regions, it is mostly used as a same item with different
English words. Timber/lumber is the processed wood to be used in engineering; lumber is the raw
woaod. Some problems from wood are mentioned below:

Problem 8,22
Which of the following materials is a combustible material?

A. Concrete B. Wood C. Sand D. Steel
Solution: B

Wood is a combustible material; it is very susceptible to fire earlier than others listed here.

Problem 8.23
Does wood contain moisture?
yes for all species
ot at all

yes if it is from coastal areas
yes if it is from rainy areas

oowp

Solution: A

Woad contains moisture. Its properties are also dependent on water content.
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Problem 8.24

In which direction of wood, it is the strongest?

Transverse

Radial

Equal in any direction
Longitudinal direction

S0

Solution: D
Wood is the strongest along the longitudinal direction.
Problem 8.25
Seasoning of wood performed:
To increase strength
To increase durability

To temove natural defects
To reduce moisture to a suitable level

Camp

Solution: D

This is-a process by which moisture content in a freshly cut tree is reduced to a suitable
level. By doing so the durability of lumber is increased.

Asphalt Concrete

Like portland cement concrete, asphalt concrete consists of coarse-aggregate, fine-aggregate, and
asphalt binder as the cementing materjals. Proper selection of binder type, and proportions of
aggregates and binder are very important in asphalt mix design. Now-a-days, Superpave mix design
is used replacing the old Marshall, Hveem, or other methods. Superpave mix design has the
following process:

a) Selection of Aggregates

b} Selection of Asphalt Binder Type

¢} Selection of Design Aggregate Structure
d) Determination of Design Binder Content
e) Evaluation of Moisture Susceptibility

Aggregate is selected in a way thar it satisfies both the source and consensus requirements. Source
properties, commonly defined by the owner/contractors includes Los Angeles abrasion, soundness,

. .. . 8-14
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and deleterious materials testing. Consensus properties includes coarse aggregate angularity, fine

aggregate angularity, flat and elongated particles, and sand equivalency testing.

Asphalt binder type is selected based on the average /daymaximum pavement temperature, the
minimum pavement temperature of the pavement site, and the expected traffic volume.

The design aggregate structure requires. the verification of Voids-in-Mineral Aggregate (VMA),
Voids-Filled with Asphalt (VFA), Dust-to-Binder ration, and compaction density for the target
traffic-volume at the specified compaction effort.

Once the aggregate structure is selected, the amount of binder or binder content is selected based
on the amount which will produce optimum air void, VMA, VFA, ete.

The last step in the volumetric mix design process is to evaluate the moisture sensitivity of the
design mixture. One batch of laboratory-compacted specimens is simulated for moisture-damage
by subjecting to partial vacuum saturation followed by an optional freeze cycle, followed by a 24-
hour heating cycle at 60 °C. Then, the tensile strength ratio of moisture-damaged samples and fresh
samples is calculated. The minimum criteria for tensile strength ratio is 0.8 or 80 % but depends on

agency to agency.
The Superpave mix design criteria is listed in Transportation Subsection of Civil Engineering

Section in the NCEES Ref. Handbook. Considering the asphalt mix design is a long process, only
few short problems from asphalt are mentioned below:

Problem 8.26
Which of the following materials typically undergoes fatigue loading?
A. Steel B. Concrete C. Asphalt D. Wood

Solution: C

Asphalt typically undergoes fatigue (repeated) loading. Consider traffic one after another.
Problem 8.27
Which of the following materials is a visco-elastic material?
Asphalt
Wood

Sand
Steel

JOwe

Solution: A.

. .. . 8-15
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Asphalt is largely a visco-elastic material. If you sustain a load on it, it will continue having
deflection until you remove the load. Therefore, in the asphalt parking lot, the deformation
is higher just below the wheels.

Problem 8.28
Which of the following is a factor in asphalt mix design currently in practice?

Aggregate amount
‘Climate

Predicted traffic volume
All of the above

ooE >

Solution: D

Currently, Superpave mix design is being used for asphalt road. This method uses all the
factors listed here. The details can be found in the Transportation Engineering section.
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9 FLUID MECHANICS

Fundamentals of Engineering (FE) CIVIL Exam Specification mentions, 4-6 questions may appear
in the exam based on Fluid Mechanics as follows:

A. Flow measurement-

B. Fluid properties

C. Fluid statics

D. Energy, impulse, and momentum equations

Basic Definitions

Density (p) of a fliid is defined as the mass of unit volume of the fluid. It is expressed in kg/m? or
Ib/fi3, and can be written as:

_m
pV

—_ 1' M
P= By
Specific Weight (y) of a fluid is defined as the weight of unit volume of fluid. It is expressed in
kN/m? or Ib/ft3, and can be written as:
7
. AW
= lim ——
M=t A
Specific Gravity (G) is the ratio of unit weight of a material and that of water. It has no unit and
can be expressed as:

p =-density (also called mass density)

Am = mass of infinitesimal volume of the material considered
AV = volume of infinitesimal material considered

y = specific weight = pg

AW = weight of an infinitesimal volume
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G = specific gravity
Pw = density of water at standard conditions = 1,000 kg/m? or 62.4 pcf
yw= specific weight of water standard conditions = 9,810 N/m? or 62.4 pcf

Stress is defined as follows:

(/) = lim AF
A0 A4

7(l) = surface stress vector at point, /
AF= force acting on infinitesimal area, 44
AA = infinitesimal area at point, 7

Normal and tangential stresses are defined as:

7, and 7, = normal and tangential stress components at point / respectively

P= pressure at point [

1= absolute dynamic viscosity of the fluid, N.s/m? [Ib/ft.s]

dv = differential velocity

dy= differential distance, normal to boundary

v =velocity at boundary condition

y = normal distance, measured from boundary

v = kinematic viscosity = p/p, m%/s [fi*/s]

. . - o N VY. dv v

For a thin Newtonian fluid film and a linear velocity profile, v(y) = ry and ;f; = 5
where: v= velocity of plate on film,.and &= thickness of fluid film

For a power law (non-Newtonian) fluid, 7, =K (—2{)

K = consistency index
n = power law index
1 < I =pseudo plastic
n > I =dilatant

Problem 9.1
A small flat plate of surface area of 10* m? is separated from a large plate by a fluid of 0.1-cm

thickness. A force of 1.5x10- N is required to slide the small plate at a velocity of 10% m/s with
respect to the large plate. The viscosity (Ns/m?) of the fluid is mest nearly:

. .. . g-2
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5.1x103
1.5x103
5.1x102
5.1x10+

onw

Solution: B

Shear stress,
ear stress Combining, F = Aﬂ@
dv @

_Fdy 15010%)N (107 m)
Adv 107m (107 ms™)

M j

Shear stress, 7= =1.5x10"% N.s.m™

Problem 9.2

A small flat plate of surface area of 10x10* m? s placed on a fluid of 2x103-m thickness. Most
nearly, how much horizontal force is required to slide the plate horizontally at a velocity of 0.05

m/s if the viscosity of the fluid is 1.55 Ns/m??

A. 0.039N
B. 0.39N
C. 39N
D. 93N
Solution: B
Shear stress, = )u_-@
dy
F
Shear stress, 7 =—
4
10(10°*)(1.55)(0.05
F Ay D S OEDNOB) 45
dy 2(107%y
Problem 9.3

The viscosity of water is 500x106 N.s/m2. The kinematic viscosity of the water is most nearly:

A. 500x10 m¥s B. 50x10-6 m2/s C. 5x10% m%/s D. 0.5x10¢ m%s
Solution: D
500x10°¢ 3 »
Kinematic viscosity, = == m_____ﬁ;_nm —0.5:10° ™
P l, 000 _% S
m
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Problem 9.4

#
What is the value of ‘7 in the equation, , = K(gy—) , for Non-Newtonian pseudo plastic fluid?
' i

A =0 B.a=1 C.n<l D.n>1
Solution: C

From the NCEES FE Reference Handbook, Fluids Mechanics, for Non-Newtonian pseudo
plastic fluid, 7 < 1.

Surface Tension and Capillarity

Surface tension (o) is the tendency of a fluid surface to acquire the least surface area possible. It is
expressed as the force per unit contact length:
F
o=
L
a =surface tension, force/length (most of the text books use 7" instead of o)

F= surface force at the interface
L =length of interface

Capillary action is the ability of a liquid to flow in narrow spaces without the assistance of
gravity. The capillary rise, & is approximated as:

_docos fB

w
fr = height of the liquid in the vertical tube
.= surface tension
fi = angle made by the liquid with the wetted tube wall (cosf = 1.0)
y = specific weight of the liquid
d = the diameter of the capillary tube

h

Problem 9.5

To raise a horizontal wire of length 0.05 m from the surface of water, a force of 7.28x10° N along
with the weight of the wire is required. The surface tension of water is most nearly:

7.28x10° N/m
1.45x10' N/m
7.28x102 N/m
7.28x103* N

oo

. .. . 9-4
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Solution: C

L=2x0.05m [2times, as there is water on both. sides of the wire]

) i
Surface Tension, ' = E = M =7.28(10"*)N/m
L 2(0.05) m

Problem 9.6

To raise a horizontal wire of length 4 em from the surface of water, most nearly what amount of
force along with the weight of the wire is required? The surface tension of water is 72x10- N/m.

. 2.88x102N
2.88x10* N
5.76x10° N
7.28x10°% N

SRR

Solation: C

L=2x0.04m [as there is water on both sides of the wire]
Force, F'= TL=72x10°3 N/m (2 x 0.04 m) =5.76x10* N

Problem 9.7

The diameter of a capillary tube is 0.2 mm. It is dipped in water of surface tension of 72x10* N/m.
and density of 10 kg/m®. The height of water in the tube is most nearly:

0.29 mm
0.51 inch
0.15m
1.2m

90w

Solution: C
a 4(7’2)610'~3 N/m)

Capill ise, B =—— = (.15 m Note: i .
APTATY TS B T (9.81x10° N/m®)(0.2x10” m) m Note: cosfils very

often neglected as it is close to-one.

Characteristics of a Static Liquid
The Pressure Field in a Static Liguid
The difference in a pressure between two different points is-

P, =B =plz,~7)=—h=—pgh
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Absolute pressure = atmospheric pressure + gage pressure reading
Absolute pressure = atmospheric pressure — vacuum gage pressure reading

& P
P I x
h
P —F K
i
Z1
Manometers
The equation to determine the pressure Py

using manometer is discussed in the NCEES ‘ /

FE Ref. Handbook, Fluid Mechanics.
Review it from the Handbook. Another
‘device that works on the same principle as P,
the manometer is the simple barometer.

Barometer
[ Reservoir

Fun=Py =B +h=F +h="F, +pgh

alm-

P, = vapor pressure of the
barometer fluid

Problem 9.8

For the following barometer, what is the pressure, P#? Consider the atmospheric pressure to be

101 kPa.
B / Pa=7
armosphere , 18 inch
\a ; f water
A. 110kPa. B. 101 kPa C. 91 kPa D.96.5kPa
Solution: D

_Rmn -‘—‘—"PH "a"pg.&
Ps = Pun— pgh =101 kPa — 9.81 kN/m? (18 in)(1/39.36 m/in) = 96.5 kPa

9-6
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Forces on Submerged Surfices and the Center of Pressure

The equation to determine the pressure/force in a submerged object is discussed in the NCEES FE
Ref. Handbook. It is further discussed here. Let us consider an object that is submerged at an
angle of #with respect to the water surface.

Centroid of Area .-

Centroid of Pressure
Fig, Forces on submerged surfaces
The pressare on a point at a-vertical distance & below the surface is: P= Pum + pghfor 1> 0

P = pressure

Pum= atmospheric pressure

P = pressure at the centroid of area

Pp = pressure at center of pressure

ye= slant. distance from liquid surface to the centroid of area

e = vertical distance from liquid surface to the centroid of area
yer = slant distance from liquid surface to center of pressure

B = vertical distance from liquid surface to center of pressure
@ = angle between liquid surface and edge of submerged surface
£ = moment of inertia about the centroidal xaxis

If atmospheric pressure acts above the liquid surface and on the non-wetted side of the
submerged surface, then:

x¢

N

Yo T Ty 4
pgsm il

yq’} .yc }:‘A

On the wetted side, Fr = (Pum + p g y, 5in)A
Prm acting both sides,F, = (pgy sin6)A
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Archimedes Principle and Buoyancy

Archimedes Principle can be stated as:

1) The buoyant force exerted on a submerged or floating body is equal to the weight of the

fluid displaced by the body.

2) A floating body displaces a weight of fluid equal to its own weight; i.e., a floating body is

in equilibrium.

The center of buoyancy is located at the centroid of the displaced fluid volume. In the case of
body lying at the interface of two immiscible fluids, the buoyant force equals the sum of the

weights of the flnids displaced by the body.

Problem 9.9

What is the slant distance from the liquid surface to the center of pressure for the following

submerged plate? The plate dimension is 8 ft x 8 ft.

6ft
\ 12 f
A B44ft . B.10.44 ft C. 124 %
Solution: C
/. - |
A
' 6f
i
4
Sinf= 6/8
H=48.6"°
. h
he=61ft+4ft(sin 48.6) =9 ft ; V.= _"9=9ft;’sin48.6=12&-.
Sm &

88y /
e z__12+____42 =1244
v A 12(8x8)

P

y;np :y(."

@seismicisolation
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Problem 9.10

What is the average vertical pressure on the following submerged plate? The plate dimension is
18 mx 18 m.

4m
12m
A. 500 psf B. 78.5 psf C.78.5kPa D. Cannot be determined
Solution: C
Average pressure, p = pBip 1 (yh +yh)= -}-(9.81 k—]\i)(ﬁi +12)m="78.5 kPa
2 2 2 m
Problem 9.11

A 6-ft-diameter drainage conduit is half full of water. The magnitude of the resultant force (Ib per
ft of conduit) that the water exerts on the curved section AB of the wall is most nearly:

61t
diamerer |

A 281 B. 441 C.523 D. 576

Solution; C

F, = % yH :.~21—(62.4pcf)(3 ft)* =281 lbs/ft of conduit

F

L

Fh
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F, = y(volume of water) = 62.4 pCf[%ﬂ?"z] = 6_2.4[TJ = 441 Ibs per ft of conduit

Fy=(E, Y +(EF =281 + 4412 =523 Ibs perft of conduit

Problem 9.12
Which of the following statements is not true?

A. The buoyant force exerted on a submerged or floating body is equal to the weight of the
fluid displaced by the body

B. A floating body displaces a weight of fluid equal to its own weight; i.e., a floating body is
in equilibrium.

C. The center of buoyancy is located at the centroid of the displaced fluid volume.

D. None of the above

Solution: D

Principles of One-Dimensionat Fluid Flow
The Continuity Equation

If the flow ((J) is continuous, the continuity equation (as applied to one-dimensional flow) states
that the flow passing two points in a stream is equal at each point. This can be written as follows:

Q=Av, =A4,v,
m=pQ = pAv

Q = volumetric flow rate

#it = mass flow rate

A = cross-sectional area of flow
v= average flow velocity

2 = the fluid density

For steady, one-dimensional flow, mis a constant. If, in addition, the density is constant, then Q
is constant.

The Energy Fquation

The energy equation for steady incompressible flow with no shaft device is —

2 2
Ly ,+v—‘:-'-2—-+z2+k+hf
4 2g ¥ g

9-10
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2 2
wﬁ«%-z, +31_.;£+22+.}’3m+hf
Jz 4 2g pg 2g

hr=the head loss due to friction and all remaining terms are defined earlier. If the cross-sectional
area and the elevation of the pipe are the same at both sections (1 and 2), then z, =z, and v, =v,.

The pressure drop, P —~ P2is given by the following:
B~ P, =ty = pgh,
The Field Equation
The field equation is derived when the energy equation is applied to one-dimensional flows.

Assuming no friction losses, and no pump or turbine exists between sections 1 and 2 in a system,
the field equation can be written as:

A vi P vs
R e e A

4 2g ¥ 2g

Pi, Pr=pressures at sections 1 and 2
v, v,= average velocities of the fluid at the sections

z,, z,=the vertical distances from a datum to the sections (the potential energy)
y = the specific weight of the fluid (pg)

g = the acceleration of gravity
p = fluid density

Hydraulic Gradient (Grade Line)

Hydraulic grade line is the line connecting the sum of pressure and elevation heads at different
points in conveyance systems. If a row of piezometers were placed at intervals along the pipe, the
grade line would join the water levels in the piezometer water columns.

Energy Line (Bernoulli Equation)

The Bernoulli equation states that the sum of pressure velocity, and elevation head is constant.

The energy line is this sum, or the total head line above a horizontal datum. The difference
2

between the hydraulic grade line and the energy line is the ;— term.
4
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Problem 9.13

An incompressible fluid is flowing through a 4-inch diameter pipe with a velocity .of 20 m/s.- If
the pipe is connected to a 3-inch diameter pipe, the increase in velocity _(mfs) is most nearly:

A. 356 B. 15.6 C.75 D. None of the above
Solution: B
o0 Continuity Equation: Av, = 4,
C s b AV (D20 . om
4D @ 4, (225m) s
g T 4 Increase in velocity = 35.6 - 20 = 15.6. m/s
2 2
4, =T _TCN s,
4 4
Pioblem 9.14

Which of the following statements is true?

Bernoulli equation states, the sum of pressure velocity and elevation head is constant.
The energy line is this sum, or the total head line above a horizontal datum.

The difference between hydraulic grade line and energy line is the v*/2g term,

All of the above

ooEp

Solution: D
From the NCEES FE Ref. Handbook, Fluid Mechanics, all the three statements are true.
Reynolds Number

Re_ynolds number is used to characterize fluid flow, and is defined as the ratio of inertial forces to
viscous forces. Mathematically, it can be shown as follows:

_YPp _vD
g

Re.

_p = the mass density

D= the diameter of the pipe, dimension of the fluid streamline, or characteristic length
4= the dynamic viscosity

v= the kinematic viscosity

Re = the Reynolds number

The critical Reynolds number, (Re)- defined to be the minimum Reynolds number as a flow will
turn turbulent.

. .. . 9.12
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Flow through a pipe is generally characterized as:
' a) laminar for Re <:2,100
by fully rurbulent for Re > 10,000
‘¢) transitional flow for 2,100 < Re < 10,000

The velocity distribution for laminar flow in circular tubes or between planes is —

e

r=the distance (m) from the centerline

R =the radius (m) of the tube or half the distance between the parallel planes
v= the local velocity (m/s) at r

v, = the velocity (m/s) at the centerline of the duct

Ve =1.187, for fully turbulent flow

V. = 2V, for circular tubes in laminar flow and
v =1.5V, for parallel planes in laminar flow

where: V the average velocity (m/s) in the duct

The shear stress distribution can be presented as:

where: T and 1,, are the shear stresses at-radii 7 and R respectively.
Problem 9.15

The kinetic viscosity of a fluid is 5x10-* m?/s in 2 0.1-m diameter pipe. If the velocity of the flow is
1 m/s, the type of flow is most nearly:

Laminar flow

Fully turbulent flow
Transitional flow
Cannot be determined

S0w e

Solution: A

1 2¢0.1 m)
Rezmm=—35 =2 000
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Flow' through a pipe is generally characterized as laminar for Re < 2,100 and fully
turbulent for Re > 10,000, and transitional flow for 2,100 < Re < 10,000. So, this flow is
laminar.

Problem 9.16

A 2-ft diameter circular tube has a laminar flow with the maximum velocity of 5 m/s. The
velocity (m/s) of the flow close to the periphery of the tube is most nearly:

A2 B.5 C.0 D.3.49
Solution: C
Radius, R=11t

Point of concern, r=1 ft
‘The velocity distribution for laminar flow in circular tubes or between planes is

P 1Y
v(f')=vm{l—[f~) }5 = 1“[““} =0 mis
R si (1R
Problem 9.17

A 2-ft diameter circular tube has a laminar flow with the maximum velocity of 5 m/s. The
velocity (m/s) of the flow at the centerline of the tube is most nearly:

AL 2 B.5 C.0 D. 3.49
Solution: B
Radius, R=1 ft

Point of concern, r=0 ft
The velocity distribution for laminar flow in circular tubes or between planes is

2 2
V(r)= v lm[ﬁ»J R FU LY S
R 8 i
Problem 9.18

The average velocity of a fully turbulent flow is 5 m/s. The maximum velocity (m/s) of the flow is
most nearly:

A 10 B.7.5 C. 596 D.5.0
Solution: C
Vinx =1.18v =1 JA8(5m/s) =59 mis

. .. . o-i4
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Problem 9.19

The shear stress in a flow in a circulir tube at the 12-inch from the centerline is 10 Pa. The shear
stress (Pa) at 24-inch from the centerline of the tube is most nearly:

A. 10 B. 20 C.5 D.O
Solution: B
From the NCEES FE Ref. Handbook, Fluid Mechanics, +..r
z“\IU
= T, x}{ir = %(10 Pa)=20Pa
r 12
Head Loss Due to Flow

One of the laws of friction is that there is resistance opposite to the movement of a body.
Therefore, when fluid moves in a conduit, the frictional force causes decrease in pressure or

velocity. The decrease in pressure is termed as head loss. The larger the roughness inside the

conduit, the larger the head loss. Darcy—Weisbach equation relates the head loss, or pressure loss,
due to friction along a given length of pipe to the average velocity of the fluid flow. It is
presented below:

2
hy = rLY
D2g
f=the Moody, Darcy, or Stanton friction factor
D= diameter of the pipe
I = length of the flow for which the head iscalculated

A chart that gives fversus Re for various values of roughness, known as a Moody, Darcy, or
Stanton diagram, is available in the Fluid Mechanics section of the NCEES FE Ref. Handbook. It
is required to find out the friction factor for different roughness conditions for different flow
conditions.

Minor Losses in Pipe Fittings, Contractions, and Expansions

Head losses also occur as the fluid flows through pipe fittings (i.e., elbows, valves, couplings, etc.)
and sudden pipe contractions and expansions. It can be determined using the following equation:

2.
hf, Fisting = C"z"g
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Specific fittings have characteristic values of €] which is expected to be provided in the problem
statement. A generally accepted nominal value for head loss in well-streamlined gradual
contractions is as follows:

2

v
B =0.042
- Siiting 2g

The head loss at either an entrance or exit of a pipe from or to a reservoir is also given by the
Ay pumgequation. Values for € for various cases are shown below:

I e e U

— T

-Sharp Exit: C= 1.0 Prorruding Entrance: Sharp Entrance: Rourid Entrance:
C=08 C=05 C=0.1

Pressure Drop for Laminar Flow

The equation for @ in terms of the pressure drop AF; is the Hagen-Poiseuille equation. This
relation is valid only for flow in the laminar region. The equation is given below:

aR*AP,  aD'AP,
Sul 1284l

Q=

Dirag Force

The drag force, Fp on objects immersed in a large body of flowing fluid or objects moving through
a stagnant fluid is presented by:
Po= Cppv ‘4
i 2

C), = the drag coefficient. It can be found in Fluid Mechanics Section of the NCEES FE

Ref. Handbook.

v=the velocity of the flowing fluid or moving object

A = the projected area of blunt objects

p = fluid density

For flat plates placed parallel with the flow:

1.33

c, {10° <Re <5x10°)

. .. . 9.16
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0.031 . _
CD. = @ (106 <Re < 109)

Flow in Noncircular Conduits

Analysis of flow in conduits having a noncireular cross section uses the hydraulic radius, Rx or
the hydraulic diameter, De#r as follows:

_ Cross—sectionalarea _ D,
B = =T

Wetted perimeter 4
Problem 9.20

The hydraulic diameter of a noncircular conduit is 40 inch. The hydraulic radius of that conduit if
it has full flow is most nearly:

A. 80in B.20in C.10in D.5in
Solution: C
R, =2 =8 10 in
4 4
Problem 9.21

A fluid is flowing at 1.5 m/s in a 0.02-m diameter conduit. The length of the conduit is 50 m. If

the Moody factor for the conduit is 0.02. The head loss of the flow is most nearly:

A. 137m B.5.73 m C.2.37m D. 6.98m
Solution: B
2 2
b= fEY g 0m ASWS) g,
D2g 0.02m 2(9.81)
Problem 9.22

The Reynolds Number of a flow through a pipe is 200,000. The relative roughness of the pipe is
0.008. The friction factor of the pipe flow is most nearly:

A. 0.016 B. 0.026 C. 0.036 D. 0:.082

Solution: C

9-17
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From the NCEES FE Ref. Handbook, Fluid Mechanics,
For Reynolds Number = 200,000 and Relative roughness = 0.008, = 0.036

Problem 9.23

The Reynolds Number of a flow through a pipe is 2,000. The relative roughness of the pipe is
0.008. The friction factor of the pipe flow is most nearly:

A. 0.016 B. 0.026 C. 0.032 D. 0.082
Solution: C
From the NCEES FE Ref. Handbook, Fluid Mechanics,
Re < 2,100; So, it is a laminar flow,
For laminar flow, f=64/Re = 64/2,000 = 0.032

Problem 9.24

The Reynolds Number of a flow is 2. The drag coefficient of a spherical object inside the flow is
most nearly:

A 12 B.6 C.8 D. 10
Solution: A
From the NCEES FE Ref, Handbook, Fluid Mechanics, for Reynolds Number < 10,
Co=24/Re
So, Cp=24/Re=24/2=12
Problem 9.25
A spherical object is placed inside a water flow with Re = 8 and velocity of 1 m/s. The projected
area of the spherical object perpendicular to the-flow is 0.01 m2 The drag force exerted on the
spherical body is most nearly:
A, 5N B.1ON C.15N D.20N
Solution: C

From the NCEES FE Ref. Handbook, Fluid Mechanics, for Re < 10, Cp = 24/Re
So, Co=24/8 = 24/8 = 3

From the NCEES FE Ref Handbook (Fluid Mechanics), the drag force, F» on objects
immersed in a large body of flowing fluid or object moving through a stagnant fluid is
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3¢1,000 -}5%-)_(1 Y2 (0.01 m?)
- m 5
2 2

al 2

Problem 9.26

What is most nearly the drag coefficient for flat plate placed parallel to the flow with Re =
100,000?

A, 0.0042 B. 0.042 C.0.42 D. 4.2
Solution: A
o 1.33 a 1.33 _0.0042

77 Re™ (100,000

Problem 9.27

The head loss in the following sharp entrance fitting if the velocity of the flow is 1 m/s is most

nearly:

1l

—p
A 002m B. 0.026 m. C.0.03 m. D. 0.035m
Solution: B
2 2
v 1 m/s
From the FE Ref. Handbook, Fluid Mechanics, #; s, = C 7= 0.5-(""-—) = 0.0255 m
: 2g 2(9.81)
Problem 9.28

The hydraulic radius (ft) of the following trapezoidal channel with 1:1 side slopes is most nearly:

/

/

s
yd
|

A, 212
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B. 137

C. 192
D. 3.22
Solution: B
Wetted Area A (6+2)2 1) 16
"= ' ; o = = =137 #
WettedPerimeter P 642422 4+2° 1166
Problem 9.29

The hydraulic radius (ft) of the following rectangular channel is most nearly:

2fc

6 it i

A 135 B. 1.2 C. 1.3 D. 14

Solution: B

WettedArea 4 (6)2f) 12

o e T2 =12 &
WettedPerimeter P 6+2+2 10

Characteristics of Selected Flow Configurations
Open-Channel Flow and/or Pipe Flow of Water

Manning’s Equation: In open-channel flow (gravity driven), Manning’s equation is used to
determine the velocity or flow rate through a channel whose longitudinal slope and hydraulic
radius are known. The equation is shown below::

K

/3 2
y=-—R, “SY

v = velocity

K =1.0 for SI units, 1.486 for USCS units
n = roughness coefficient

R = hydraulic radius

S = slope of energy grade line

. .. . 9-20
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Hazen-Williams Equation: Hazen-Williams Equation is used to determine the velocity or flow
rate through a channel whose longitudinal slope and hydraulic radius are known. The equation is
shown below:

. - N&d ks
v=kCR," S

kr = 0.849 for S1 units, 1.318 for USCS units

C'= roughness coefficient, as tabulated in the Civil Engineering section (Hydrology/Water
Resources of the NCEES FE Ref. Handbook) Handbook. Other symbols are defined
eatlier.

Submerged Orifice operating under steady-flow conditions:
An orifice is a device for measuring flow rate. It uses the principle of Bernoulli’s Equation which

states that there is a relationship between the pressure of the fluid and the velocity of the fluid.
For the submerged condition, the flow through an orifice can presented as follows:

O= 4, =C.C,A2g(n ~ ) =CA 28l — )

In which the product of Ct and Cv is defined as the coefficient of discharge of the orifice (Q).
v,= velocity of fluid exiting orifice.

Orifice Discharging Freely into Atmosphere:

If the orifice discharges freely into atmosphere, the flow through an orifice can presented as
follows:
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Q=CA, . J2gh

41 = water head measured from the liquid surface to the centroid of the opening
(2= volumetric flow

Ao = cross-sectional area of flow

£ = acceleration due to gravity

4 = height of fluid above orifice

Problem 9.30

Water is flowing in a 4-foot wide open channel of rectangular cross section with a flow depth of 2
feet. The channel has a constant bottom slope of 0.3%. If the Manning’s coefficient is 0.012, the
flow rate {cfs) of water in that channel is most nearly:

SO0y

40.2
54.3
37.2
49.7

Solation: B

Rir = A/P= (4x2)/(2+4+2) = 1
n=10.012 _
From the NCEES FE Ref. Handbook (Civil Engineering — Hydrology/Water),

0= 1.486 .ARHZ,"BS..IIZ _ (1):])'?2 (4x2X12f3 X0.00 112):54.3 s
n .

Problem 9.31

Water is flowing in a 4-foot wide open channel of rectangular cross section with a flow depth of 2
feet. The channel has a constant bottom slope of 0.3%. If the Manning’s coefficient is 0.012,
density of water is 1.94 slugs/ft?, and viscosity of water is 2.73x105 Ib.s/f2, the Reynolds number
of the flow is most nearly:

A.

480
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B. 4,800
C. 480,000
D. 1,930,000

Solution: D

vDp

From the NCEFES FE Ref. Handbook (Fluid Mechanics), Re =~
M

Dcan be replaced by 4R,

Ru = A/P=(4x)/(2+4+2) = 1
n=.0.012
From the NCEES FE Ref. Handbaok, (Civil Engineering — Hydrology/Water),

1486 _ 23 NG 1.486 (1”310_.003"?'2):6.8 /s

v=—Z R,
-

0.012
fi slug
D, (68 (ax (.94 £2) |
Re=-—b=— S - 1,927,956
H 2.73(107) lo.s/i”

Problem 9.32

The flow rate (cfs) in a 36-inch diameter storm sewer with longitudinal slope of 0.002 and z of
0.012, flowing full under gravity is most nearly:

A 123
B. 223
C. 323
D. 423

Solution: C

For flowing full, Ri = IDV/4= 36/4=9 in = 0.75 ft
From the NCEES FE Ref. Handbook (Fluid Mechanics, Civil Engineering —
Hydrology/Water),

Q:1.486 g Ziguz _ 1486 73
no 0.012{ 4

J((O.?5)2’3)(0.002"'2)x32.3&313

Problem 9.33

What is most nearly the flow rate in a 36-inch diameter new cast iron storm sewer with slope =
0,002, when it is flowing full under gravity? Use Hazen-Williams Equation.

A. 15cfs
B. 25cfs
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C. 35cfs
D. 45 cfs

Solution; C

For flowing full, Re = D/4=136/4=9in=0.75 ft

From the NCEES Ref. Handbook, (Fluid Mechanics, Civil Engineering—
Hydrology/Water),

Hazen-Williams Coefficient € for new cast iron pipe = 130

7(3)*

0 =1.318CAR,*¥S** =1.318(130)] 22~ [[(0.75)°%2 §0.002 %)= 35 2 f%/s
H 4

The Impulse-Momentum Principle

The Impulse-Momentum Principle can be used to determiine the impulse/force exerted by fluid
flow on to the conduit. The resultants force in a given direction acting on the fluid equals the rate
.of change of momentum of the fluid. It can be expressed as follows:

ZF = ZQgpz‘-’i __ZQ]plvl

where

ZF = the resultant of all external forces acting on the control volume
ZQ] £V, = the rate of momentum of the fluid flow entering the control volume in the

same direction of the force.
ZQz £, = the rate of momentum of the fluid flow leaving the control volume in the

same direction of the force

The force exerted by a flowing fluid 6n a bend, enlargement, on contraction in a pipeline may be
computed using the impulse-momentum principle.

£y =PsA,
¥
be
F
Fr=PiA;
YF:=0 => PA —~PA,cosa-F, =0plv, cosa —v, )
YFy=0 =>  F ~W—Pd,sina=0p(v,sina-0)
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F= the force exerted by the bend on the fluid (the force exerted by the fluid on the bend
is equal in magnitude and opposite in sign)

F: and F, are the xcomponent and y-component of the. force, F = f F? + }Jf and

—
F,

P= the internal pressure in the pipe line

A = the cross-sectional area of the pipe line

W= the weight of the fluid

v = the velocity of the fluid flow

a = the angle the pipe bend makes with the horizontal
p = the density of the fluid

Q2= the quantity of fluid flow

Problem 9.34

Water is flowing through a 90° curved uniform vane with a cross-section of 0.01 m? as shown
below. The resultant reaction force, Fx exerted by vane on the water is most nearly:

210N
310N
410N
SIO0N

0w

Solution: D

Q= Av=0.01 m? (6 m/s} = 0.06 m%s

Fp = pO(v,, —v,) =1, 000 £.(0.06 ﬂ)(o 6) =360 N
5

??I

Eyp, = pOv,, —v,) =1, 000 £ (0.06 ) (6-0)=-360 N

Resultant, 7, \](P}u F, Y =(-360)" +(=360)" =509.1 N
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Problem 9.35

A jet of water, 3.0-inch in diameter is moving to. the right and impinges on a flat plate held
normal to-its axis. For the velocity of 80 fps, what force will keep the plate in equilibrium?

609 Ib
309 Ib
1,300 Ib
20,000 Ib

o0w >

Solution: A

This is a 1D problem.

62.4 2 .
Fre = pO(va, ~v )= pAv (v, - 0) = “"""""ﬁ“— {E(ﬂﬁ] J[SO"IE“)[SO“]B“) =609 b

s5¢C sec

Problem 9.36

The force exerted by a 25-mm diameter siream of water against a flat plate held normal to. the
stream’s axis is 645 N. The flow velocity is most nearly:

12,6 m/s
18.9 m/s
26.4 m/s
36.3 m/s

0w

Solution: D

FRX = pQ(vﬁx _vtx)
645 = pAvf
| 645N —363- 2%

vx =
| d [1,000--15%“][2.(0_025)1 mz) sec

m

. .. . 9-J6
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Fluid Flow Measurement

The Pitot Tube

A pitot tube is a pressure measurement instrument used to measure fluid flow velocity. The
stagnation pressure equation for an incompressible fluid can be determined as:

by
. v2
2
b 5 S
2 A 4
P
PR \g " S
£, V. B

v=the velocity of the fluid
P = the stagnation pressure
Ps = the static pressure of the fluid at the elevation where the measurement is taken

Venturi Meters
Venturi meter is used to measure flow rate. It uses a converging section of pipe to give an increase

in the flow velocity and a corresponding pressure drop. Then, the flow rate can be determined as
follows:

Q= volumetric flow rate.

Cv = the coefficient of velocity

A = cross-sectional area of flow
P=pressure

z, = elevation of venturi entrance

z,= elevation of venturi throat

9-27
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Orifices

An orifice is an opening (as a vent, mouth, or hole) through which fluid can pass. Then, using
Bernoulli’s principle, the flow rate can be measured as follows:

I

Q=C§4{,\/2g[ﬁ+ziw§-“zzJ
¥V id

The cross-sectional .area at the vena contracta, Az is characterized by a coefficient of contraction
Ceand given by C.A. The coefficient of the meter (orifice coefficient), C'is given by:

C,C.

C=

As reported in the NCEES FE Ref. Handbook, Fluid Mechanics, the -values of C for sharp edge,
rounded, short tube, and borda orifices are 0.61, 0.98, 0.8, and 0.51 respectively. During the exam,
instead of C, the coefficients C-and G may be given. Then, you need to determine C.

Problem 9.37

A pitot tube has been used to measure the velocity of air. It shows a pressure of 0.53 m of Hg.
Assume that the air has a static pressure of 70 kPa and a density 1.2 kg/m?. The specific gravityof
Hg is 13.6. The velocity (in/s) of the flow is most nearly:

24.3
29.3
34.4
38.3

PO

. .. . 9.28
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i
i
H
i
i
i
3
4
i

Solation: C

Py = hpg = (0.53 ) (13,600 kg/m?) (9.81) = 70,710 Pa

2{P,~P)  {2(70,710-70,000) Pa

Velocity, v= \/ =344 m/s

P 1.2 2B

Problem 9.38

A submerged orifice has a cross-sectional area of 0.1 m2 The upstream and the downstream water
depths are 7 m and 2 m, respectively. The flow rate (m¥s) if the discharge coefficient is 0.8 is
most nearly:

A. 008
B. 28
C. 1.8
D. 0.8

Solution: D
m’

Flow rate, O = CA[2g( — k) = 0.8(0.1m*),2(9.81)(7 m — 2m) = 0.8 =

Problem 9.39

An orifice discharging water freely into atmosphere has a cross-sectional area of 0.1 m? The
upstream water depth is 7 m. What is most nearly the flow rate if the orifice coefficient is.0.87

A, 0.94 m3/s B. 2.84 m¥s C. 1.84 m%s D. 0.8 m¥s

Solution: A
3

Flow rate, O = CA~2gh = 0.8(0.1m*)/2(9.81)(7m) = 0.94
) ]

Dimensional Homogeneity

Dimensional Analysis

A dimensionally homogeneous equation has the same dimensions on the left and right sides of
the equation. Dimensional analysis involves the development of equations that relate
dimensionless groups of variables to describe physical phenomena.

Buckingham Pi Theorem: The number of independent dimensionless groups that may be
employed to describe a phenomenon known to involve r variables is equal to (n —F ) where 7 is

the number of basic dimensions. {e.g., M, L, T) needed to express the variables dimensionally.

9-29
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Similitude

To use a model to simulate the conditions of the prototype, the model must be geometrically,
kinematically, and dynamically like the prototype system.. To obtain dynamic similarity between
two flow pictures, all independent force ratios must be the same in both the model and the
_prototype. Thus, dynamic similarity between two flow pictures (when all possible forces are
acting) is expressed in the five simultaneous equations below.

where:

FEl_|E| || _| &
_‘F:’ P _.'F}'_m P r P m
f} E | _[vp
LE , L&, LA
£ _[£] z[ﬁ]
_E} r _E}_m Ig ,

L% O R R - B -
‘F.TL‘ ‘Ff Ev

fodp LT Iz
EAEANY.
~Fr—.0 L m ¢l

subscripts. p and m stand for prototype and model respectively

Fr=inertia force

Fp= pressure force
Fv=viscous force

Fo = gravity force

Fr= elastic force
Fr=surface tension force
Re = Reynolds number
We = Weber number

Ca = Cauchy number
Fr=¥roude number

1= characteristic length
v= velocity

p = density

o = surface tension

E, = bulk modulus

4= dynamic viscosity

P = pressure

£ = acceleration of gravity

. .. . 0-30,
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Problem 9.40

A water body was scaled down to a model with a characteristic length ratio of 15:1. The velocity
of the real body is 10 m/s. What is most nearly the velocity (m/s) in the model if they have equal

‘Froude numbers?

A. 15
B. 6.67
C. 259
D. 150

Solution: C
ANEAN LA
| —— =] — I =[F IR
I:F:J :|P |:F;’ ]m I:lg Jp I:lg:|m [ r-]!’ [ r]m

=y :v21ﬁ=(1o /s %:6;67

m
P EJ,,

= v, =259 ms

Problem 9.41

A water body was scaled down to a model with a characteristic length ratio of 15:1. The velocity
of the real body is 10 m/s. The velocity (m/s) in the model if they have equal Reynolds numbers is

most nearly:

15
6.67
259
150

=Nl

Solution; D

7] (7] ] [ el e

!
> v zvp}f—z(l() mfs)}-lizlso m/'s

m
m
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Properties of Water

Properties of water both in SI units and US units are listed in the Fluid Mechanics of the NCEES
FE Ref. Handbook. Please review it and solve the following problem.

Problem 9.42
The density (kg/m?} of water at 100 °C is most nearly:

1,000
977.8
965.3
958.4

UOw s

.

Solution: D

From the NCEES FE Ref. Handbook, Fluid Mechanics, the density of water at 100 °C is
958.4 kg/m3.

“The NCEESFE Reference Handbock Js the only reference material that can be used during the exam. You will be provided with an
electronic reference handbook during the exam. For acvess prior to your exam, you may either purchase a hard copy or downfoad a
free electronic copy. Register or log in to MyNCEESto dowrlioad your free copy of theFE Reference Handbook.” Visic
htip./nacees.orglengineering/fe/ for more informatfon.
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10 ENGINEERING ECONOMICS

Fundamentals of Engineering (FE) CIVIL Exam Specification mentions, 4-6 questions may appear
in the exam based on Engineering Economics as follows:

A. Discounted cash flow (e.g., equivalence, PW, equivalent annual worth, FW, rate of
return)

B. Cost {e.g., incremental, average, sunk, estimating)

C. Analyses (e.g., breakeven, benefit-cost, life cycle)

D. Uncertainty (e.g., expected value and risk)

Table 10.1 lists all the formulas to convert one quantity to another. Instead of using these formulas,
which is time consuming, Factor Tables from the NCEES FE Ref: Handbook may be used. One of
the Factor Tables for 6% is mentioned in Table 10.2.

Table 10.1 Factor and Formula List
Factor Name Converts Symbol Formula
Single Payment , iy, .
—, i%,n
Compound Ameunt to Fgiven P P ¥ L+ IY
Single Payment ) (P Aen
T / s !
Present Worth to Pgiven F Va i%,n (1 + I)
Uniform Series | . A4 ;
Sinking Fund to A given F Gk A”n] ([+if -1
A, {1+i)f
Capital Recovery to Agiven P -, 'I%,H] _EL““'T;I"I“
P (1 + :_) -1
Uniform Series Foo (+i )" -1
'of —, i%,n AL A
Compound Amount: to Fgiven 4 [ o ] i
Uniform Series ro, (1+i) ~1
iver —, i%,n e
Present Worth to Pgiven A ( e J 1'(1-+ i )"
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Table 10.2 Factor Table for 6% interest rate

Eactor Table

o BT || e PG v | e R A N TR
I [k G434 [T 1 0660 1_0090_ 10600 1 0000 B EK30EF
X 039G0 J.5334 08008 11754 T OG5 05454 4854 {1483¢
3 FR306 AEFIN _2.559'}’, 119 31535 -0 374_1 23341 19417
<+ 07 AR5 48455 1.26%% 43746 i 2g8h 03184 14372
B 07453 FR LAl T0345 13357 4371 0,237 41774 15838
i3 Q.7050 42173 AR 14185 59733 £2033 01434 33304
7 06651 35823 154407 15038 £.393% {41701 01197 TN
B D274 £.200% 103414 1.5835 88075 31510 01010 3195
9 LR 13 68017 245768 o503 114813 31470 DOBFD EZokER
14 25581 7.5601 206022 17808 131565 1358 BATHE 40120
n £ 116% TRR6E 348702 1 BOS3 14 GG 01158 L0868 4.421_3
1z £ 4070 83338 40 334089 20137 16.8&9‘? {1143 4553 438112
13 {4538 BENT FH0p 213M 1ggent Q1430 06330 3100
1 g2y 0 2055 31 7138 22604 R ETS & Iavs OB476 38635
15 04173 9,740 STLENAG 23060 23.27ak (103G A.0430 5.9%60.
i3 3936 el Eils B34502 T TEETN 0990 00340 82754
17 0TS FLIE #0403 26015 e ed jalr} {1 Qs+ 0154 345340
i3 03305 10827 #5.3369 28345 30,9057 0.0334 00324 59307
il £ 13058 15.1783 #1302 30238 13 ?61'}‘3 0 ORGd {9306 72867
20 L1198} 11 4606 Fpet i F AT 36,7858 Og7> o272 TOHN
ey} L2042 1L Bi1i36 33906 ponay 00850 {02350 Tai51
2 H277% 1TG4G BE 41 36335 43 3523 JixiEl D330 P 1
23 02858 FE3G% L7007 3B1GT 4394958 TLORE3 [EAU & £.5000
4 5240 125504 11G 3812 4 4480 anEIaE D157 G.01u7 7951
i $:2330) 1X7834 115.9"'_32 41919 58645 Lirgz GA1EY 24732
kbl G174 137848 1423588 ERE TOBERY ROT6 {6125 103412
40 D087 150463 185 0568 10,2837 154. 762 [{R177) {663 1253500
a0 0343 15,7618 2T 3 R(iAg A0 3359 0534 Q6034 13 7964
-] 0._(.'!305 181613 T300438 IZRETT 5330282 00819 G009 14 7908
16p 1300249 14646175 XG4T 3103011 5,638 30687 £.0447 040032 Ie3Til
Nomenclature

A = Uniform amount per interest period

BV = Book value:

¢'=Cost

d= Inflation adjusted interest rate per interest period
D)= Depreciation in year j

F=Future worth, value, or amount

f= General inflation rate per interest period

1= Interest rate per interest period

fe= Annual effective interest rate

21 = Number of compounding periods; ot the expected life of an asset
P= Present worth, value, or amount

r=Nominal annual interest rate

Sa = Expected salvage value in year n

Subscripts

7= at time j;  m=attime myears
Problem 10.1

A sum of $1,200 is deposited in & savings account with 6% annual interest. If no money is
withdrawn for six years, most neatly the account balance after 6 years is ~

A. $1,520 B. $1.,590 C. $1,702 D, £1,202
Solution: C

10-2
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Using Equation: Future worth, F' = P(L+7)" =1,200(1+ 0.06)° =1,200(1.4185) =1,702
Using Factor Table from NCEES FE Ref. Handbook, (or Table 10.2 from this book): The
F/P factor for 6% interest rate after 6 years (F/F, 6%, 6) is 1.4185.

F = 1.4185 (1,200) =1,702. Therefore, the future value is equal in both ways. So, any
option. can_Be used.

Risk

Risk is the chance of an outcome other than what is planned to occur or expected in the analysis.

Break-Even Analysis

By altering the value of any one of the variables in a situation, holding all the other values
constant, it is possible to find a value for that variable that makes the two alternatives equally
economical. This value is the break-even point.

Break-even analysis is used to describe the percentage of capacity of operation for a manufacturing
plant at which income just covers expenses. The payback period is the period required for the profit
or other benefits of an investment to equal the cost of the investment.

Inflation

To account for inflation, the dollars are deflated by the general inflation rate per interest period f,
and then they are shifted over the time scale using the interest rate per interest period i. Use an
inflation  adjusted interest rate per interest period d for computing P.

The formula for dis, d= i+ f+{(ix f

Problem 10.2

The current price of a load cell is $6,000, which was bought 4 years back. The annual maintenances
cost is $300 for its total life time, During the first 4 years, the rate of inflation is 5%, and the effective

annual rate of interest is 6%. The uninflated worth of the equipment during the first year is most
nearly ~

A. $3,200 B. $3,300 C. $3,400 D. $3,900
Solution: D
The first four years had an inflation. Therefore, the interest rate needs to be adjusted for inflation.
d= i+ F+(ix £ = 0.06 + 0.05 + (0.06)(0.05) = 0.113
Present worth, P =F(1+d)™* =6,000(1+0.113)" = 6,000(0.6517) =3,910 ~ 3,900

Factor Table from the NCEES FE Ref. Handbook, cannot be used as the factor is not available for
the adjusted interest rate.

10-3
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Depreciation

Straight Line

In straight line method, depreciation is assumed linear with service life. For example, the initial
cost of a product is $5,000 and expected salvage value of after 10 years is $1,000. Then, the
depreciation is $4,000 ($5,000 - $1,000). The depreciation per year is $4,000/10 = $400 per year.
Therefore, the depreciation per year can be expressed mathematically as follows:

p -C=5,
' 7

Sn = Expected salvage value in year n
= initial cost
1);= Depreciation in j year

Modified Accelerated Cost Recovery System (MACRS)

MACRS is the new system which allows for greater accelerated depreciation over longer time
periods. Although the MACRS depreciation method is used only for income tax purposes, this
book uses it for solving other types of business to show how this method works. In this methed,

the depreciation in jyear is presented by:

D= (factor)C.

A table of MACRS factors is provided below.

-‘MACRS FACTORS
Recovery Period (Years)
Year 3 | 5 I 7 | 10
Recovery Rate (Percent)
1 33.33 20.00 14.29 10.00
2 44.45 32.00 2449 18.00
3 14.81 19.20 17.49 14.40
4 7.4l 11.52 12.49 11.52
5 11.52 8.93 922
6 5.76 8.92 7.37
7 8.93 6.55
8 4.46 6.55
9 6.56
10 6.55
11 3.28

Book Value
Whichever method is used to calculate the depreciation, the book value (BV) is calculated by
deducting the cumulative depreciation from the initial cost, which is shown below:

BV =Initial Cost - 3.
Problem 10.3

A construction company purchased a front loader with an initial cost of $9,000, The annual interest
rate is 2%. The annual maintenance cost is $350 and is considered to be paid at the end of each

. .. . 10-4
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year. Using the MACRS depreciation system, what is most nearly the depreciation for the front
loader in the first year of operation assuming a 10 years of recovery period?

A. $640 B. $670 C.$720 D. $900
Soluton: D

The MACRS factor for the first year with 10-year recovery period is 10%.
Depreciation at the first year = 10% of $9,000 = $ 900

Problem 10.4

A construction company purchased a front loader with an initial cost of $9,000. The annual interest
rate is 2%. The annual maintenance cost is $350 and is considered to be paid at the end of each
year. Using the MACRS depreciation system, what is most nearly the depreciaticn for. the front
loader in the first 3 years of operation assuming a 10 years of recovery period?

A. $2,600 B. $6,200 C. $4,200 D. $3,800
Sohation: D

The MACRS factor with 10-year recovery period for the first, second, and third years are
'10%, 18% and 14.4%, respectively.

Depreciation at the first year = 10% of $9,000= § 900

Depreciation at the second year = 18% of $9,000 = $ 1,620

Depreciation at the third year = 14.4% of $9,000 = $ 1,296

Total depreciation = § 3,816 = 3,800

Problem 10.5

A construction company purchased a front loader with an initial cost of $9,000. The annual interest
rate is 2%. The annual maintenance cost is $350 and is considered. to be paid at the end of each
year. Using the MACRS depreciation system, what is most nearly the book value for the front loader
after the first 3 years of operation assuming a 10 years of recovery period?

A. $6,200 B. $5,200 C. $4,200 D. $3,800
Solution: B

The MACRS factor with 10-year recovery period for the first, second, and third years are
10%, 18% and 14.4%, respectively.

Depreciation at the first year = 10% of $9,000 = § 900

Depreciation at the second year = 18% of $9,000 = § 1,620

Depreciation at the third year = 14.4% of $9,000 = $ 1,296
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Total depreciation = $ 3,816
BV = Initial Cost - %.20;= $ 9000 — $ 3816 = $ 5,184 = § 5,200

Problem 10.6

A drilling kit with a useful life of 10 years has an initial cost of $3,600 and a salvage value of
$1,500. The interest rate is 2%. Using the straight-line method, the total depreciation of the
equipment for the first 5 years is most nearly-

A. $1,260 B. $810 C. $1,050 D. $920

Solution; C

Initial Cost —Salvage Value _ 3,600-1,500
Service Life 10
Total depreciation in 5 years = 5 (§ 210) = $ 1,050.

Depreciation Rate = =210 per year

Problem 10.7

A computer with a useful life of 15 years has an initial cost of $3,500 and a salvage value of $350.
The interest rate is 6%. Using the modified accelerated cost recovery system (MACRS) method of
depreciation and a 7 years recovery period, what is the most nearly the book value of the computer
after the second year?

A. $1,900 B. $2,150 C. $2,300 D. $2,400
Solution: B

The MACRS factor with 7-year recovery period for the first and second years are 14.29%,
and 24.49% respectively.

Depreciation at the first year = 14.29% of $3,500 = $ 500

Depreciation at the second year = 24.49% of $3,500 = $ 857

Total depreciation = $ 1,357

BV = Initial Cost— X D; = $ 3,500 - $ 1,357 = $ 2,143 = § 2,150

Problem 10.8

Based on the straight-line' method of deprivation, the book value at the end of the 7t year for a
dodger having an initial cost of $80,000, and a'salvage value of $15,000 at the end of its expected
life of 10 years is most nearly:

A. $27,500
B. $29,500
C. $32,500
D. $34,500

. .. . 10-6
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Solution: D

Depreciation per year = $80,000-$15,000 =$6,500
10 year

Book value after 7 year = $80,000 — 7 ($6,500) = $34,500

Taxation

Income taxes dre paid at a specific rate on taxable income. Taxable income is total income less
depreciation and ordinary expenses. Expenses do not include capital items, which should be
depreciated. '

Capitalized Costs
Capitalized costs are present worth values using an assumed perpetual period.

Capitalized Costs = P = ﬁi
Problem 10.9

An apple sauce factory was purchased with an initial lump-sum payment of $100,000. It was found
that profits from this factory is $8,000 each year. What is most nearly the interest rate earned on
that investment?

A, 8.0% B. 9.0% C. 10%: D. 12%
Solution: A
A A
P _ ke = - profit — Sa(m — 0.08 ~ 8%
I £, 106,000
Bonds

Bond value equals the present worth of the payments the purchaser (or holder of the bond)
receives during the life of the bond at some interest rate i. Bond yield equals the compound
interest rate of the bond value when compared with the bond cost.

Rate-of-Return

The minimum acceptable rate-of-return (MARR) is that interest rate that one is willing to accept,
or the rate one desires to earn on investments. The rate-of-return on an investment is the interest
rate that makes the benefits and costs equal.

Benefit-Cost Analysis

In a benefit-cost analysis, the benefits, B of a project should exceed the estimated costs, C.

B-C20,0r BC=1
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Problem 10. 10

A laser printer was purchased with an initial cost of $1,200 and an annual maintenance cost of
$200/yr which continues indefinitely. The interest rate is 6%. The present worth of all expenditure
is most nearly what?

A. $2,000 B. $4,500 C. $4,000 D. $5,000
Solution: B
. . . . A 200 .
As the annual maintenance cost continues indefinitely, P_; . =—=——=73333

The present worth, P, =P, +P.  =1,200+3,333 = 4,533 ~ 4,500

annual

Problem 10.11

An official sound system has a usefil life of 15 years has an initial cost of $5,000. The salvage value
is $300, and the annual maintenance is $200/yr. The interest rate is 6%. What is most nearly the
present worth of the costs of the sound system?

A. $5,200 B. $5,300 C. $6,800 D. $5,700
Solution: C
Pt = Binitiar T Prinienane ™ Psalvagc
Annual Maintenance:

F/A factor for 6% interest rate for 15 years = 9.7122
Prsinsenance =§ 200 (9.7122) = $ 1,942

Salvage Value:

P/Ffactor for 6% interest rate for 15 years = 0.4173
Paivage = $300 (0.4173) = $125

The present worth, £, , = F,,., + P,

[ gl

P

sabvage

=35,000+1,942 125 =$6,814 = $6,800
Problem 10.12
‘Which of the following programs is not a varied cash flow program?

A. Stepped B. Gradual C. Delayed D. Uniform

Solution: D

. .. . 10-8
@seismicisolation


https://t.me/seismicisolation

Problem 10.13

A back-loader construction equipment has a useful life of 10 years has an initial cost of $50,000.
The salvage value is $6,000, and the annual maintenance is $2.000. The interest rate is 8%. What is
most nearly the present worth of the costs of the back-loader?

A. $52,050 B. $53,060 C. $60,640 D. $57,020
Solution: C
Pmml = Pinilial + Pr.mintcnanm - Psalvngc
Annual Maintenance;

P/A factor for 8% interest Tate for 10 years = 6.7101

Prusisensnce =35 2,000 (6.7101) = $ 13,420

Salvage Value:

P/Ffactor for 8% interest rate for 10 years = 0.4632

Poatrage = $6,000 (0.4632) = $2,779

The present worth,
ot = Poiiar + F,

7, istitienf anmal

P

safvage

=50,000+13,420-2,779 = 860,641~ $60, 640

tertat

Problem 10.14

The need for a large capacity water supply system is forecast to occur 4 years from now. At that
time the system required is estimated to cost $40,000. If an account earns 12% per year compounded
annually, the amount that must be placed in the account at the end of each year in order to
accumnulate the necessary purchase price is most nearly;

A) $8,000
B) $8,370
C) $9,000
D) $10,000

Solution: B
A=F{A/F.i,n) = 40,000(A/F,12%,4) = $8,369 per year
Problem 10.15

A project has the estimated cash flows shown below:
Year End 0 1 2 3 4

Cash Flow -$800 -$400 +$1,00 +$1,00 +$1,00
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Using an interest rate of 12% per year compounded annually, the annual worth of the project is

most nearly:

A. $325
B. $226
C. $320
D. $262

Solution: A

P~ -800 — 400(P/F, 12%, 1) + 1,000(P/F, 12%, 2) + 1,000(P/F, 12%, 3) + LOOO(E/F, 12%, 4)
= -1,100 — 400(0.8929) + 1,000(0.7972) + 1,000(0.7118) + 1,000(0.6355)
=987.34

A = P(A/P, 12%, 4)=987.34(0.3292) = $325 per year

The break-even point (BEP)

The break-even point (BEP) is the point at which total cost and total revenue are equal. There is
no net loss or gain, and one has "broken even,” though opportunity costs have been paid and capital
has received the risk-adjusted, expected retirn. One example here:

Prablem 10.16

A company can manufacture a product using hand tools with tool cost of $1,000, and cost per unit
is $1.50. As an alternative, an automated system will cost $26,000 with a manufacturing cost per
unit of $0.50. With an anticipated annual volume of 5,000 units and neglecting interest, the break-
even point (years) is most nearly::

3 years
4 years
5 years.
6 years

GOWpF

Solution: C

Hand Tools: $1.50 x 5000 units = $7,500
Automated System: $0.50 x 5,000 = $2,500

Annual Savings = $7,500 - $2,500 = $5,000
Additional Investment = $26,000 - $1,000 = $25,000

Payback time = $25,000/$5,000 = 5.0 years

10-10
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11 COMPUTATIONAL TOOLS

Fundamentals of Engineering (FE) CIVIL Exam Specification mentions, 4-6 questions may appear
in the exam based on Computational Tools as follows:

A. Spreadsheet computations
B. Structured programming (e.g., if-then, loops, macros) or Computer Application

Please be advised that there is no specific syllabus or guidelines given in the NCEES Ref..
Handbook regarding this topic. The author of this manual is recommending using Microsoft
Office Excel Worksheet with a desktop/laptop computer. This will give you general knowledge
on computer and MS Microsoft Office Excel Worksheet. Some of the problems are discussed here
to give you an idea. In addition, make sure that the NCEES exam does not want you to be an
expert in this area: However, general knowledge on this atea is good enough. Go through the
following problems for your understanding.

Spreadsheet computations
Problem 11.1

For the following spreadsheet; what will be the value in
B5, if the command in this box is “sum(AI:BB_)"’?

22
30
15 o
None of the above 7

LN NN D

Sowp

Solution: A

“sum{A1:B3)” means the summation of values from Al
to B3.

T

NN
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Problem 11.2

A B D
For the following spreadsheet, if the 4 =~ 5 5 6 .
command at C3 is copied and pasted into " 5 3 4
C6, what Is the value at C67 The command =g T—
at C3 is “sum(A1:A4)". 8. . "Enl!ﬁ%%?"
2 6
A 14 3
B. 15 1
C. 8
D. Error
Solution; C A 3
T2
The command changes from “sum(A1:A4)” to 2. 5
“sum(A4:A7)" 3. 8
4 2
. g
2
Problem 11.3
How many cells are in the range of B5:Y507
A. 2,375 B. 2,496 C.95 D. 1,104
Solution: D
No. of column=Y-B+1=25-2+1=24
No. of row =50 -5 + 1 = 46
Total = 46 x 24 = 1,104
Problem 11.4
What is the next column after Z in a spreadsheet?
A A B.71 C. AA D. AB

Solution: C

11-2
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Problem 11.5

For the following spreadsheet, what will be the value in B6, if
the command in A6 copied and pasted in B67 The command at
A6 is “=sum($A1:A5)".

A 17 B. 30
C. 14 D. 31
Solution: D

The command at A6 is “Sum($A1:A5)". When it is
copied from A6 and pasted into B6, the Al does not
move due to the $ sign, but A5 moves to B5. So, the
result is the summation from Al to BS.

Problem 11.6

For the following spreadsheet, what will be the value in
A7, if the command in A6 copied and pasted in A77 The
command at A6 is “=sum{$A1:A5)”.

A, 17 B. 30
C. 34 D. 32
Solution: D

The command at A6 is “Sum($A1:A5)”. When it is copied
and pasted into A7, the Al is moving to A2. Similarly, A5
is moving to A6. The dollar sign before ‘A’ fixes ‘A’ only,
not the row number. So, the result is the summation from
A2 to A6.
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Problem 11.7

For the following spreadsheet, what will be the value in A7, if

the command in A6 copied and pasted in A7? The command at
A6is “Sum($A$1:A5)".

A 17 B. 34 {=SUM(SAT1A5)
C. 14 D, 32 TRt T
Solution: B

The command at A6 is “Sum($A$1:A5)". When it is
copied and pasted into A7, the Al does not move in
any direction. The dollar sign before ‘A’ fixes ‘A’; the
dollar sign before 1 fixes 1. So, the result is the
summation from Al to A6.

Problem 11.8

For the following spreadsheet, what will be the value in B6, if
the command in A6 copied and pasted in B6? The command at
A6 is “Sum($A$1:$A%5)". '

A 17 B.34
C. 14 D. 31
Solution: A

The command at A6 is “Sum($A$1:$A8$5)". When it is
copied and pasted into B6, the A1 and A5 will not move
in any direction. The dollar sign before ‘A’ will fix ‘A’
the dollar sign before 1 will fix 1. It is similar for A5. So,
the result is the summation from Al to A5,

11-4
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Problem 11.9

A spreadsheet cell is located at the intersection of 5* row and 11 column. This address can be
expressed as:

A L5 B. El1 C. K5 D.11-5

Solution: C

Structured Programming

A flowchartis a diagram using different shapes (for different purposes) and arrows to
demonstrate workflow, a process, or an algorithm. A flowchart may be quite simple or extremely
complex. When I was a teacher, I had my students use flowcharts to plan a writing assignment
(depending on the type of writing). I still use them at times when deciding. An algorithm is a
finite set of procedures to be followed order to solve a mathematical or computer problem.
Algorithms are often written out in flowchart form for visual understanding, but these are usually
far more complex than the average business flowchart. Now that we Thave
defined flowcharts and algorithms, the question is: What is the difference between flowcharts
and algorithms? Flowcharts can be used to organize processes for all sorts of purposes: business,
personal, educational, and certainly for algorithms. We've established that algorithms are used to
organize finite processes for mathematical and computer purposes. Algorithms usually use
flowcharts for a visual form of organization (so in a manner of speaking, algorithms could often
be a type of flowchart).

Problem 11.10
A computer programming is shown below. What is the value of Y after the program is executed?
Set Y =2
X =2
DowhileY < 8
YV=X+Y
X=Y
End while
A 8 B. 80 C.16 D. 42

Solution: D
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First execution: Second execution: Third execution;
SetY=2 SetY=6 SetY =42 (not, Y < 8)
X =2 X =6 No execution
Y=X+Y=4+2=6 Y=X2+Y=621+6=42

X=Y=42

Problem 11.11

For the following flowchart, what is the value of ‘Z"?

Lo
|

No x>y No
_.> = y
¥ lYes l‘t’cs
R
Z=2usy Z=3x-3y = Dx+ly
¥ | v
‘ Report Z I
A 3 B.14 C. 24 D. 33

Solution: A

The second column wins here. So, Z = 3x — 3y = 3(5) - 3(4) = 3

Problem 11.12
1 kilobyte =
A. 1,000 bytes B. 1,024 bytes C. 10° bytes D. 10¢ bytes

Solution; B

11-6

@seismicisolation


https://t.me/seismicisolation

Problem 11:13

What is the value of the following computer program?

A. 3
‘Solution: A

First Execution:-

A=1

B=2

C=B=2
A=B~2=2N~2=2
B=B+1=2+1=3

Problem 11.14

A=1
B=2
Do while A <B
C=B
A=2B~2
B=B+1
End do
Output C
B.4

Second Execution:
A=2

B=3

C=B=3
A=IB-2=2(3)-2=4
B=B+1=3+1=4

Which of the following devices is an input device?

A. Scanner
Solution: A,

Problem 11.15

B Printer

How many cells are in the tange of A5:2100?

A. 2470

Sohition: B

B. 2,496

No. of colimn=Z-A +1=26~1+1=26
No. of row = 100 -5+ 1 =96

Total = 96 x 26 = 2,496

Problem 11.16

“C. Fax

c:5 D.6

Thitd execution:

A=4

B=4

A =B {(so no execution)

D. Monitor

C.95 D. 26

Which of the following keys represents the multiply sign in computer coding?
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A # B.* C.X D..()

Solution: B
Problem 11.17
How is XY written in-computer coding?
A XMY B. XY C. X(Y) D. XY
Solution: A
Problem 11.18
Which of the following buttons represents the division signl in computer programming?
A # B.* C./ D. %
Solution: C
Problem 11.19

A flash drive has 500 Mbytes of data. The average transfer rate is 25 Mbps (mega bit per second).
How much time will it take to-transfer all the flash drive data to a compiter?

A. 20sec B. 81 se¢ C. 123 sec D. 168 sec:

Solution: D

1 Mbyte = 220 bytes = 8x2% bits

25 Mbps = 25x106 bits/sec _

T = Size/rate = 500 Mbyte/25 Mbps = 500x8x2% bits / 25x10% bits/sec = 167.8 sec:
Problem 11.20

How many digits are there in binary numerical system?

A 2 B. 4 C.8 D. 10
Solution; A

Binary system has 2 digits: 0 and 1.
Problem 11.21

‘Which of the following devices is not an-input device?
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A. Scanner B. Keyboard C. Printer D. Mouse

Solution: C

‘Problem 11.22

RAM in computer means -
Read cnly memory’
Redd access memory

Radom only memory
. Random access memory

U0 W

Solution: D
RAM is an acronym for "random access memory,” while ROM stands for "read-only
memory.”
Problem 11.23
Core i3 has three cores and core i5 has five cores. True or false?
A Trnie.
B. False

‘Sohution: B

Core 17 does not have seven cores nor does Core i3 has three cores. The numbets are
simply indicative of their relative processing powers.

Problem 11.24

The output of the following computer programming is most neaily:
Note: x++ means X =x + 1
int X = 5;
ind sam = @
loopStart:
iF (% <= 10 )

{

sum = Sum + X;

X443

goto loopStart;
A1 B. 26 C.35 D. 45
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Solution: D

First Iteration: sum = sum +x=0+5=5
Then, x=x+1=5+1=6

Second Iteration: sum = sum +x =5 + 6= 11
Then, x=x+1=6+1=7

Third Iteration: sum =sum + x =11+ 7 = 18
Then,x=x+1=7+1=8

Fourth Iteration: sum'= sum + x= 18 + 8= 26
Then,x=x+1=8+1=9

Fifth Iteration: sum = sum + X = 26+ 9 = 35.
Then, x=x+1=9+1=10

‘Sixth Tteration: sum =sum + x = 35 + 10 =45

But the while furiction says x <= 10, L.e., will execute if x.is equal or Jess than 10,
Problem 11.25

The output of the following -cOmputer'pr'og_ramm'ing is most nearly:

s#include<stdio. hy
Jimt main({void)
int i=1;

while{i<=188)

{
priatf ("Edme”, i}
i++;

¥

return. B;

Sum of 1 to'100

Print 1 to 100

Print 1 to 100, then 100 to 0
None of the above

SRR

Solution: C

The program says print i = 1 while i<= 100 meaning printing 1 to 100.

i1-10
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12 GEOTECHNICAL ENGINEERING

Fundamentals of Engineering (FE) CIVIL Exam. Specification mentions, 9-14 questions may
appear in the exam based on Geotechnical Engineering as follows:

A. Geology

B. Index properties and sdil classifications.

C. Phase relations (air-water-solid)

D. Laboratory and field tests

'E. Effective stress (buoyancy)

F. Stability of retaining walls (e.g., active pressure/passive pressure)
G. Shear strength

H. Bearing capacity (cohesive and non-cohesive)

I. Foundation types (e.g.; spread footings, deep foundations, wall footings, mats)
J. Consolidation ‘and différential settlement

K. Seepage/flow riets

L. Slope stability (e.g., fills, embankments; cuts; dams)

M. Soil stabilization (e.g., chemical additives, geosynthetics)

N. Drainage systems '

O. Erosion-contro]

Introduction

Soil is defined as:the upper layer of earth, typically consisting of a mixture of organic remains,
rock particles, air, and water. The particles are the result of ‘weathering (disintegration and
decomposition) of recks and decay of vegetation. By the way; rock can be of several types such
igneous, metamorphic, etc. The soil origin and formation can be summarized as follows:

1, Residual Soils- Soil deposited in place after being weathered from parent rocks:
2. Transported Soils — Transported soil from one place to another. It can be of 4 types.
a. Gravity Deposzrs Gravity deposits are soil deposits transported by the effect of
.gra\_flty
b. Aﬂuﬁlﬂ._ﬂeposfts. Transpoited by moviig water near rivers.
¢. Glacial Deposits. Glacial deposits. result of the action of glaciers; enormous sheets
of ice,
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d. Wind Deposits. Wind deposits: (also known as aeoliap deposits) obviously have
wind as the transporting agent..

BrOa'dly, soil can be classified as — coarse, fine, and orgariic. Organic soil is black in color, often
has unpleasant odor, and has a very minimal or negligible load carrying capacity. Hence, organic:
soil is not usable in construction. Now, our topic is.coarse soil: However, fine soil is also discussed
very briefly to understand the difference between coarse and fine soils. Soils may be divided into
several categories based on the particle size. This is mentioned below:

1. Boiulder - Greater than 12 inch (300 mm)
2. Cobbles ~ Greater than 3 inch (75 mm); less than 12 inch (300'mm)
3, Coarse-grained or granularsoils
a) Gravel —greater than 4.75 mm. (#4 sieve); Jess than 3inch (75 mm)
i Coarse Gravel ~ 75 mm to 19 mm
if.  Fine Gravel — 19.mm io 4.75 mim.
b) Sand - greater than 0,075 mm (# 200 sieve): smaller than 4.75 mm (#4 sieve}
L Coarse Sand — 4.75 mm to 2.0 mm (Sieve #4 t0.10)
. Medium Sand - 2.0 mm to 0.425 mm (Sieve # 10 to 40)
i, Fine Sand 0425 mm to 0.075 mm (Sieve # 40.t6 200)
4. Fines- Smaller than 0.075 ram (# 200 sjieve); no minimum size
a) Silt— Cohesionless
b) Clay — Cohesive (sieving cannot separate clay)

Fine soils may be separated into two catggo'riés based on physical property:
A C’Q]J_as'ﬂbnfess‘ ~Gravel, Sand, and Silt
2. Cohesive - Clay
Problem 12.1
Which of the following soils has the cohesive property?
A. Silt B. Clay €. Sand D. gravel
‘Solution: B

Only clay has'the cohesive or putty-like (sticky) property.

Phase Relationships

A soil mass consists of solid, water, and air as shown below. All the three parts occupy some
voluimes and weights although the weight of air is neglected.

127
@seismicisolation


https://t.me/seismicisolation

Soil Compaction

Compaction. means densification of soil by applying compactive load on soil. It removes the air
from the soil and rearrange the soil particles. The degree of compactness or the relative density
{2 can be determined as follovs:

(1 00)%

A

13:09 nin

D_, l}/f){)’u Hfed) y!){lmnjj :’V.f)(n'ﬂx) (IOO)%

|_;V Diwny Y n(nnn)J Vi, fielity
Relative -compaction (RC) means. the current compaction level compared to the maximum

compaction possible. For any construction job, RC is specified by the design agency, typically
greater than 80%, varies depending on the job type. It is determined as follows:

RC = Tt 100y,
¥n {rrx)

Problem 12.2

‘The unit weight of a 0.12- m3 soil-solid sample.is 26 kN/m?. The specific gravity of the soil is most
Tnearly:

A 24 B. 2.52 C.2.65 D.2.72

Solution: C

W\, | .
G, = [Tz‘“‘] Iy =) i =26 19.81 2,65
LS

Problem 12.3
If a soil sample is kept on drying days after days, which of the following would not change?

Moistunit weight

Dry unit weight
Saturated unit-weight
‘Submerged unit weight

SOowE>

Solution: B

Dry unit of any soil- does not change even drying or wetting;
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‘Volumes Weights

Vi Air CWa=0
Vw © . Water Ww
Vs W
Subseripts:
A= Air
&= Solid
W="Waiter
Fig. Phase diagram of a soil

Based on the above diagram, the foliowing:formuhtions- can be mader

Volume of voids: Vi, = V, + Vi
Total unit weight: y = W/V
(G + )
Saturated unit weight: 7, = (_*__JZ.L*_,
(I+e)
Effective :("gubmerged?) unitweight: ' =y, — ¥,

Unit weight of soil solids: yy = s

'S
W,
Dry unit weight: %, = 7‘
e By
Water content (%0): w =/| -~ |x100
\ s )
Specific-gravity of soil solids: (7 == St ===

wo o Fw
wheté, ysis the unit weight of soil solid, and yw is the'unit weight.of water. The yuis used
4s 9.81 kN/m® or 62.4 pcf if temperature is not a concern.

o V.
Void ratio; € =~

Vs
f‘f £
Porosity: 77 = -tm = —
' v Voo 1+e
- o v(7,,
Degrée of saturation (%): S :[Z:;‘-w]x]ﬂ() ; S = L : _J“’
X 44

Make sure that you know the differences between ysand ys and Sand w.
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Problem 12.7

The saturated unit weight of a soil is 20 kN/m?. The submerged (effective) unit weight of the soil
is most neaily:

9.81 kiN/m?®
19.21 kN/m?*
20.0'kN/m?
10.2 kN/m3

gose

Solution: D
Y= Vo= Vo= 20—981 = 10.2 kN/m?
Problem 12.:8
If the void ratio of 4 soil is 1.1, the porosity of that soil is most nearly:-
A. 032 B.0.42 C.052 D.0.62

Solution: C

e 1.1
Fl = e = i = )
1+e¢ 1+1.1

Problem 12.9

A proposed dam will contain 4,000,000 m? of ‘earth: Soil to be taken from a borrow pit will be
compacted to.a void ratio of 0.70. The void ratio of the soil in the borrow pitis 1.10. The volume
of soil (m*) that must be excavated from ‘the borrow pit is most nearly:

4,250,000
4,950,000
5,550,000
3,250,000

g0

-Solution: B

For dam
V.
Ve

Again, ¥, +V =4,000,000

= 0.7V + ¥, =4,000,000

=070 =V, =07V,

12-6.
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Problem 12.4

A chunk of moist soil weighs 90 Ib with a. volume. of 0.82 1% After oven drying, the weight
decreases to 39 1b. The unit weight of the soil ismost nearly:

A, 90 pef B. 100 pcf C. 110 pcf D. 115 pef
Solution: C

: ¥ 90 b
Unit weéight means moist unit weight; y.= L :

Vo082t

=109.8 pcf = 110 pef

Problem 12.5

A chiunk of moist soil weighs 49 Ib with a volume of 0.46 ft?. :After oven drying, the weight
decreases to 38 Ib. The specific gravity and void ratio of soil are 2.64 and 1.1, respectively. The
degree of saturation of the soil is most nearly: '

39%
49%
59%
69%

onEe

‘Sohition: D

w=2 1009 = s 100% = 5?;"?% 100% =28.9%=0.289
8 g :

Se = w(r,

G WGy _0289Q6) o0 oo

e 1.1
Problem 12.6

The void ratio and specific gravity of a soil are 0.9 anid 2.7 respectively. The saturated unit weight
ofthe seil is most nearly:

A. 98 pcf B. 108 pef C. 118 pef D. 122 pcf
Solution: C

SR AR {2'7+q'))62'4'x_.118-pcf
(1+¢) 1+0.9

- ;(_G;s* +0)y

st

ous
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Again, ¥, +V, =1
> 08Vs+ Va=1
= V=056 f and V, = 0.44 1"

Y,y
Again, I— =0.35
-
= V=035V, =0.35 (0.44) = Q. 154"
To fully saturate, V and V|, must be equal; So, (0.44 - 0.154) = 0.286 #’of water must be
added for each f#7of water.

Problem 12.12

A soil sample with void ratio of 0.9 can have the densest void ratio of 0.7 and the loosest void
ratio of 1.2. The relative density of the soil is most riearly:

A 40% B. 50 % C. 55% D. 60%
Solation: D
2 1.2-
D, =—Sm "7 (100)% = 0 0 o5 100)%=60%
ermx T elml 2
‘Problem 12.13

A soil can be compacted to the maximum dry. density of 120 pef. After field testing, it was found
that the compacted dry density of the-soil s 110 pef: The relative compaction of the soil is most
nearly:

A. 92% B. 82% C. 72% D. 62%:
‘Solution: A
R(?:-«}:‘ﬂ’-’i"-"l“l_(.l 00)% = io(100)%_91 £67% ~ 92%
Y pmx
Problem 12.14

A soil can be compacted to the maximum dry derisity of 120 pef and the minimum dry density of
95 pef. After field testing, it was fotind that the coimpacted dry density of the $oil is 105 pef. The
relative density of the soil is most nearly:

A. 41% B. 46% C. 49% D. 53.2%
Solution: B

12-8
@seismicisolation



https://t.me/seismicisolation

V= 2,352,941 m? (This solid volume is also true for borrow pit)

V.

_‘:1.10 = Vi’ ml-]V\.
Vs s
Again, I, +V, =V
= ]_.IVS -i_--V‘_\, . g

Vi=2.1V,=21(2,352,941)= 4,941,176 m? == 4,95,000 m*
Problem 12.10

A soﬂ..sa'mple'with uhit weight 6f 130 pef and water content of 15% was partially dried to-a unit
weight of 120 pef without changing its void ratio. Its current water content is most nearly:-

A. 3.9% B. 4.9% C.5.9% D.6.2%

Solution: D

Let’s work with 1 f of soil. After drying
Before drying Drying reduces the weight of water by: 130 - 120~101b
We _o1s Weight of water before drying =130 - 113= 17 b
w, Weight of water after drying =17 - 10 =7 It
W ver e o _ W 7 .
So, Wi=0.15 Ws New water content: —2-(100)% = ——(100)% =6.2%
Agdin, W, +W, =1301b W, 113
0.15Ws+ Wi =130
Wi =1131b
Problem 12.11

A soil sample with void ratio-of 0.8 is 35% saturated. The amount of water is to be added to fully
saturate the soil is most nearly:

0.154 ft}
0.44 f¢*
0.14 £
0.286 1t*

O 0w

Solution: D

Let’s work with 1 ft* of soil.
V. _ . o

V—" =080 =¥, =038V,
5 '
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[? THmxy i D(nin_}.' Yix Jretdy (1-20'" 95-) 10-5- '

Problems, 12.15 to 12.21 are based on the fdﬂdwin‘_g phase ‘diagram. So, read the diagram
carefully.

0.02 m?* 1 Air

0.2 m?

0.6m* 14 kN

Fig, Phase diagram for problems 12.15.to 12.21
Problem 12.15
The weight of the water for the soil whose phase diagram is shown above is most nearly:
A. 02kN B.1.96kN C.1.69kN D.2.96 kN
Solution: B
W, =V, 7y =0.2m? (9.81 kN/m?) = 1.96 kN
Problem 12.16
The water contert of the soil whose phase diagram is shown above is most nearly:
A. 8% B. 10% C. 12% D. 14%
‘Solution: D
W, =V ¥y =0.2w7 (9.81 kN/m?) = 1.96 kKN

W, 14

N

12-8°
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Problem 12,17

The: porosity of the soil whose phase diagram is shown above is most nearly:
A. 041 B. Q.37 C..0.27 D.0.17
Solution: C

Vo VetV +V, 0.6+02+0.02

=268 = 0:27

Problem 12.18
The void ratio of the soil whose phase diagram is shown above is most nearly:

A. 032 B.0.34 C.0.37 D. 0.40
Solution; C.

Vo _Vy+Vy 024002
Ve oV 0.6

0.37

&=

Problem 12.19
The degree of saturation of the soil whose phase diagtam is shown above is most nearly:

A. 86% B. 88% C.91% D. 94%
Solution: C

s Vu Yy 02
Vv,

= =0.91 = 91%

V. 022

Problem 12.20

The specific gravity of the soil solids whose phase diagram is shown above is most nearly:
A. 2.32 B. 2:38 C.2:442 D.2.48

Solution: B

G oW1 1401 ) 08
Yo = e I e ———— 2 ) 4
TV, v 061981

12-10
@seismicisolation


https://t.me/seismicisolation

Problem 12.21
The unit weight of the so0il solid in kN/m? whose phase diagram is shown above is' most nearly:
A. 981
B. 15.63
C. 19.46
D. 20.32
Soluticn: C

Unit weight means the moist unit weight; Weight of air is neglected.

W We+Wy  14+1.96

Vo VitV +V, 0.6+0.2+0.02

¥

Index Property and Soil Classification

Grain-Size Analysis

In the previous section, the soil type, size, and its origin were
discussed.-Ag_ai'n to remind you, any soil larger than, 0.075 mm
(#200 sieve. size) is course grained. Coarse gain soil includes sand,
gravel, boulder, and se on.. Any soil smaller than 0.075 mm or
passing #200 sieve is silt or clay depending on the cohesive
property. Soil is sieved using different sieves staking the larger size
above as shown below. While soil is passed through a sieve, soil
particles smaller than the opening size of the sieve passes through
whereas those bigger than the opening size is-to be retained. After
shaking, thé masses retained in different sieves are measured and
recorded carefully. Then, a graph ‘Gumulative % Passing” versus
‘Sieve Size’ is plotted.

From this curve, two parameters, Coefficient of Curvature (C) and Coefficient of Uniformity (Cy)
are determined as follows;

C = Do and C.= *“%
“ DIO- . (Dﬁﬂ)(D] 0)

Dio= size corresponding to cumulative 10% passing (also called effective size)
D = size eorresponding to cumulative 30% passing
Dip = size corresponding to cumulative 60% passing

12-11
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Table 12.1. Different sieves and their sizes

Sieve No. Size (mm)
4 4.75
10 2
20 0.85
40 0.425
100 0.15,
200 0.075

Atterberg Limits

For fine soil, liquid limit (LL) and plastic limit (PL) are of interest.
These two limits are also -cél]ed Atterberg limits. The LL is the water
content at the plastic-liquid .boundai-y.__ It is determired using:
casagrande device shown below: |

The basic steps of determining LL are mentioned below:

Ly

3)
4
5)

6)

7)

Take 200 grams of soil passing #40 sieve

Mix water and let it cure
Spread the soil in the cup 16 a:depth of 10 mm at the deepést point of the device
Form a groove in the sail by drawing the tool perpendicular to the surface

Lift and drop the ¢up 2 drops per second '

Record the number of blows required to close the groove

After severil trails, determine the water content needing 25 blows to close the groove

PLis the water content at the plastic-semisolid boundary. It is determining by rqllin_g a sample to
make & thread of 3.2 mm diameter. The basic steps are mentioned below:

3

2)

3).
4).

5}

6)

‘Take about 20 grams of soil passing #40 sieve

Thoeroughly mix small amount of water and cure it for at least 16 minutes

Take 2 grams of wet soil

Roll by hand between palm and'_:.gla'ss_plate:

H it breaks before reaching the thread diameter of 3.2 mm, mix more water and. repeat
steps (1) through (4).

If the diameter can be reached, break it into several pieces and reroll.

Plasticity Index is the difference between the LL and the PL. If LL is equal or greater than 509,
the soil is called high plastic soil; otherwise it is low plastic soil.

Soil Classification Systems

Unified Soil Classification System (USCS) is. used for general engineering purpose other than
roads-and highways. The basic steps to-classify soil using this system are mentioned below:

12-12
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Step-1: Collect the Grain-Size Curve (Crand Ci:may nat be required)
Step 2: Collect the LL and PL of the soil
Step 3: Use'the USCS chart from the NCEES EE Ref. Handbook

AASHTO soil classification system is usually used for roads and highway. Please read the
AASHTO Soil Classification Chait to-classify the soil and then use the following equation to
determine the group index (GI). Remember, GI can be positive round number only. If your value
is negative use zero in the parenthesis.

GI = (F ~32)[0.2+0.005 (LL~40)}+0.01(F - 13)(PL-10)

F= Y% passing #200 sieve
Pr=FLL-PL

Problem 12.22
Which one of the following values can be the group index (GI) of a:soil?
A: 75 B.-2 C.10 D.25

Solution: C

GI can be positive round number only. If your value is negative use zero.
Problem 12.23
The highest sieve size among the following sieves is most nearly:

A. #4 B. #40 C. #100 D. #200
Solution: A

# 4 has the highest sieve size. In other words, #4 means dividing 1.0 inch into 4 parts by
the wire fabric; #200 means dividing 1.0 inch into 200 parts by the wire fabric.

Problem 12.24

For a'soil sample, 40% of the material passes through a #200 sieve. The type of the soil is most
nearly:

A, A-1 B.A-2 C. A-3 D. A-4
Soluton: D
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From the NCEES FE Ref. Handbook, 35%.o0r more of the material passes through a #200
sieve falls in A-4 to A-7.

Problem 12.25

Fora gravel sail, Cb =5 and Ce=2. Which of the foll'owing can be.t_he-_typ_e of the scil?
ASW B.GW C.GP D.GS

Solution: B
From the NCEES FE Ref. Handbook, for GW, Cu =4 and 1 s Ce< 3.

Problem 12.26

Which of the followirig soil types is'the best (highest strength) for roads-and highway?
A.A-8 B. A-7 C. A3 D. A-1

Solution: D

A-1 is the best soil for roads and highway. Usually higher the number, worse the soil is,
except.for'A-2 and A-3. A-8 is the worst soil for engineering.

Problem 12.27
Effective size of soil particle means what?
A. Median size of a soil group
B. Size at which 10% soil passes
C. Size at which 30% soil passes
D. Size at which 60% soil passes
Solution: B
Size at which 10% soil is finer (or,.10% passing) is called the effective size of soil.

Problem 12.28

For a soil, the size corresponding to .60°?q_passing_-i's 10 mm and the size corresponding te 10%
passing is 2 mm. The uniformity coefficient of that soil is'most nearly:

A, 02 B.5 C.20 D. Cannot be determined

12-14
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Solution: B-

D, =10mm, Dy=2mm, C, = 9,'6_0; = _l_‘?i’l“l =5, Make sure you know the difference
' D_l 0 2mm.
betweéen C..and Cu.
Problen 12.29

In.a LL test, 20 blows. are required to close the gréove at 20% moisture content, and 30 blows are
required to close the groove at 16% moisture content. The LL of the test soil is most nearly:

A 18 B. 14 C. 20 D. 10
Solution: A

By interp{)flal;ion, the water content which needs 25 blows to clase the groove is 18%:.
Even, by visuial inspection, it can be found that there is no'other logical answer.

Problem 1230
In a plastic limit test, the required/desiréd thread diameter is most nearly:
A. 3.2 mim B. 2.3 mm. C.05in D. 0.5 mm
Solution: A
The required thread diameter is 3.2 mm, or 1/8 inch.
Problem 1231

Depending on. the water content, soil may be at liquid state; plastic state, and so on. For this
statement, which of the following options is correct?

True, higher the water content softer the soil is
True, lower the water content softer thesoil is
False

el

None of the above
Solution: A

DPepending on the water content, $oil may be at liquid state, plastic state; semi-solid and
solid.
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Problem 12.32

USCS soil classification js used in general engineering practice. Trué or False?

A True
B. False

Solution: A

USCS. soil classification is used in general -engineering practice. AASHTQ soil
classification is used in roads and highway.

Problem 12.33
Group index in AASHTO soil classification system cannot be -

A. Negative .B: Rounded, . Fraction D: Positive
Solution: A, G

Group index in AASHTO soil classification system cannot be negative and fraction.
During the FE ‘exam, if multiple answer is possible; chicose the best one or the first one.

Problem 12.34

Median size of s0il particles means:
Median size of a soil group
Size at which 50% soil is finer

Size at 'w_hich 30% soil is finer:
Size at-which 60% soil is finer

R

Solution: B
Size at which 50% soil is finer (ot, 50% passing) is called the median size of soil.
Problem 12.35
More than 50% of a soil is retained in a #200 sieve. The soil is most nearly:
Sand-Silt
Gravel-Clay

Sand-Gravel
Fine Soil

Vos e
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Solution: C

See the USCS soil classification chart.
Problem 12.36°
In a clay soil, the LL is 30, The soil is most nearl_y:
High-liquid limit
High plastic

Low plastic
None of the above

cows

Solution: C
Low-plastic soil is that which has less than LI of 50.
Problem 12.37
Liguid limit is-deterimined using-
the Casagrande Device

threading a wet soil
oven method

gnwx

None of the above

Solution: A

Liquid limit is determined using the Casagrande Device.

Problem 12.38
Plastic limit is.determined using -
the Casagrande Device

threadi'n_'g a soil
oven method

cnZEpE

None of'the above
Solution: B

Plastic limit is determined using threading a soil.
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Problem 12:39

“M" means what in soil classification system?

Median soil
Moisture

Sile

Modeérate Plastic Soil

0¥

Solution: C
Permeability and Seepage

Hydraulic conductivity (also called, coefficient of permeability), & is'a measure of flow of water
‘through a porous-soil. Ini- the laboratory, two types of tests are performed to determine the
permeability of soil (&): Constant Head Permeability and Falling Head Permeability.

From constant head test:
_0 o
idt,,

—- hA l i
o

_ dL
From falling head test:

k =2.303 :%— log m[—}

4 '.i{_’.

where:

(2= total quantity. of water

A = cross-sectional area of test specimen. perpendicular to flow
2= crogs-sectional area of reservoir tube

te = elapsed time

Fhr=head at time £=0

hz=héad at time r=1¢

L=length of soil column

Discharge velocity, v= &7

Flow Nets: The flow rate can also be determined by drawing a flow net. The following equation is
used to determine the flow rate usinga flow net:
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g = flow per unit time
N, =number of flow channels

'N,= number of equipotential drops

H = total hydraulic head differential
Factor of safety against seepage liquefaction can be determined as follows:
L Critical Gradient

y o

i Seepage Exit Gradient

.y =
[N

YV

where;i, =~
. Ve

Problem 12.40

A water flow is flowing through a soil whose length is 2:m. If the hydraulic head difference’is 0.2
m, the hydraulic gradient is most nearly:

A. 0.1 B.0.4 C. 10 D. None of the above
Solution: A
p=2.02m g
L 2m
Problem 12.41

Water flows through a soil whose cross-sectional area is 0.15 m2 The hydraulic gradient is 0.12
and the coefficient of permeability is 5x10 m/s. The flow rate (m?s) is most nearly:

910>
0,108
5x10
None of the above

vows

Solution; B
g=kid = (5x10"" w/s)(0.12)(0.15 m*) =9x10"" m'ss
Problem 12.42

"Water flows through a soil whose cross-sectional area is 0.15 m?. The hydraulic gradient is 0.12
‘and the coefficient of permeability is 5x10- m/s. If water flows for 10 minutes, the total flow (m?)
is most neatly:

. L . 12-19
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5.4x103
62103
4.5%10®
Nortie of the above-

Tomp

Solution: A
Q= kidt, =(5x10™ n/$)(0.12)(0.15 m*)(600 5) = 5.4%107 m’

Problem 12.43

Irr a constant head permeability test, a total of 500 m?* of water is discharged in 1 minute. The
length-and the diameter of the soil sample are 10 cm and 8'cm respectively. If the head difference
is 6 cm, the permeability (m/s) of that soil is most nearly:

2,435
2,654
2,763
None of the above

0w

Selution: C
po @ QL (500m’)0.1m)

it mdr, (0,080 )
e (g.gﬁm)(awﬁ]ms)

=2,763.11 /s

Problem 12.44
If the unit weight of a moist soil is 100 pcf, its critical .-'gr‘adien'_t is most .nearly:

0.12
0.60
0.84
Noue of the above

How»

Solution: B

= (.60

At " 100 pef -62.4 pef
S 62.4 pef

Problem 12,45

The seepage exit gradient of a soil with a moist unit of 100 pcf is 0.1. The factor of saféty against
the seepage is most nearly:

A5 B. 10 C.6 D. None of the above
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Solution: C

. ¥—=¥, 100 pcf—-62.4 pef

i, _ =0.60
Vi 624 pcf
FS = -IL-—‘——- 9—.—9 =6
i, 0

Problem 12.46

For the flow net shown below, whar is the total rate of seepage per unit: width of sheet pile
through the permeable stratum? The coefficient of permeability of the scil is 2x10 ft/sec.

Sheet, pile

fmper.m'cablc Layer
a) 1.11x102f3/s
b) 1.33x102ft%/s
) 13.3x10% feYs
d) None of the above

Solution: B
g =y 2610 A0 M6 ) aaio 2 s
N, 9
Problem: 12.47

Capillary rise occurs due to -

Pore media
Susface tension
Tendency to rise
None of the above

oo
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Solution: B

Capillary tise oceurs due to surface tension, and depends on surface tension, radius of the
tube, unit weight of the fluid, and the contact angle. As the contact angle is very small, it
. . 2
is very often neglected. Capillary rise can be determined as 7 = T
ry
Problem 12.48

Pressure exerted by soil water is called -

effective pressure
total pressure

pore water pressuare
None of the above

o0 w

Solution; C

Pressure exerted by soil water is called pore water pressure. Pressure exerted by
unsaturated soil or-dry soil is called effective pressure. The sum of pore water pressure
and the effective pressure is called the fotal pressure

Problem 12,49

Tield permeability test can be conducted in —
confined aquifer

unconfined aquifer

both cornifined and unconfined aquifers
None of the above aquifer

gowe

Solution: C

Field permeability test can be conducted in both confined 'a'r_1d unconfined aquifers. This
is why, we have two different equations for determining the field permeability depending
on confined or unconfined aquifer,
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Soil Copsolidation and Settlement

Settlement in 'sand or sandy soil is not included in the NCEES FE Ref. Handbook. However,
settlement in dlay is included and occupies a big space. Settlement in clay is ‘of three types-

1) Immediate Settlement

2) Primary Setilement
a) Normally consolidated Clay
b). Over-consolidated Clay

3) Secondary Settlement

Primary consclidation pecurs in clay due to expulsion of water with time. It takes several years 1o
settle: complétely. The other two types (immediate and secondary) are very small and may be
neglected. The primary settlernent topic is very briefly described here. The primary settlement is
calculated using the following e-Jogp curve.

F 3

[

' — > Logscale
Ps. Pe Rrﬂ'ﬂp

Fig. Soil Consolidation Cutve, Pressure (Logi Scale)

€0 initial void ratio (prior to consolidation)

Ae=change in void ratio

po= initial effective consolidation stress, o’

Pe = past maximum consolidation stress, o'

Ap =induced change in consolidation stress at center of consolidating stratum

2 _ : - _

Compression index

Invirgin ¢ompression range: ( e

By correlation to liquid limit: G = 0.00%9 (LL—10)

Recompression/Swell index

. ¢ Ae
In recompression range: () =~
' " Alog p
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By correlation to compression index, (7, = —

Apcan be calculated as: Ap=1g

7 m_-;Stress-in'ﬂuence value at center of conisolidating stratum
g~ Applied surface stress causing consolidation-

Depending on pressure level, consolidation settlement or change in thickness of clay layer (AH)
can be calculated as follows:

H,
a) If{p-and po + 4p) < pi, then AH = CH(] J log) —+—
+e, J

by Tf(p.and p + 4p)> pethen Al =, ( H, leog[wﬂm+~A—PJ

c) prwipc'( (2 +Ap then

AH :(1 [; lOg + ( H r log R' + A{_
-1 +e, Pr: 1+e, B

Ultimate consolidation settlement in soil layer: S = gvik

H =thickness of soil layer: &, = ”(%EM_)
+e,

where: de, . = total change in void ratic due to recorapression and virgin compression
181 " N

A_pprox:imat_e settlement (at time ¢ = £;)

S=U08,, -
U, = average degree of consolidation

t.= elapsed time since application of consolidation load

The time required to settle certdin amount settlement can also be determined. The steps are as
follows:
Step 1. Find the Time Factor (T3) for any degree of settlement. Few factors are mentioned
below.
Step 2..Collect the coefficient of consolidation (G); usually it is determined by laboratory:
testing. o
Step 3. Find the hydraulic drainage path (#,). If the concern clay layer is underlain by
solid bedrock which is impervious, then the thickness of the clay layer is the drainage
path: If'the concern clay layer has porous layers on both above and below the clay layer,
then the hydraulic:drainage path is half of the clay layer’s thickness.
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:Step 4. Galculate the time required tosettle, t = %’1 (Hﬁr)

Table 12.2 Variation of time factor with degree of consolidation

T% T
0 . )
10 0.00785.
20 0.0314
30 0.0707
40 0.126
50 0.197
60 0.286
70. 0.403
80 0.567
0 0.848
99 1.781
100 oo

Problem 12.50

The I.i'q_uid Limit of a soil is 30. The Recompression Index (Cx) of that soil is most nearly:

A 018 B.0.03 C.0.33 D. 0.06

Solution: B

C,..=0.009 (LL —10) = 0.009(30 ~10) = 0.18

Cy= Co mgﬁ =0.03
6 6
Problem 1251

The effective overburden pressure st the mid-height of the clay layer for the soil shown below is

miost nearly:

Elevation 232 ft,
o Sand y=130pef
e e e i e _— Elevation 225 ft.
— 130 pef .
y=oUp Elevation 220 ft.
Clay ye= 125 pef

Elevarion 200 f.

@seismicisolation
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1,274 psf-
1,474 psf
1,674 psf
1,874 psf

A.
B.
G
D.

‘Solution: D

P, =(130pef)(7ft)+(130-62.4 pef ) (5ft) + (125~ 62:4pcf ) (108 ) = 1,874 pst
Problem 12.52

The compression index of a soil is 0.3. The increase in vertical stress caused by a foundation on
the clay is twice of the overburden stress. The decrease in void ratio of this clay s0il due to this
increase in stress is most nearly:

0.08
Q.12
0.014
0.022

o0 wp

Solution:-C

The increase in vertical stress is: twice. This mieans the fifial stress is three times of the
initial stress.
Ae

Alog P

¥ “. .
T

_ P 3P
Ae =C,. Jog =2 =(0.03)log| 2=L |=0.014.
¢=Colog— (0.03)1o g( = J

i |
Problem 12.53

A 10 ft. layer has a void ratio of 1.1. Upen increase in vertical stress by a building, the void ratio
decreases by 0:02. The settlement of the clay layer is most nearly:

.84 in
.94 in
1.04in
- 1.141in

90w e

-Solution: D

AH = H"é(i‘ =(10 )(WQ%J 0.095ft =1.141inch
I+e 1
12-26
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A foundation is to be constricted at a site whose soil profile is shown below. The initial veid

ratio of the over-consolidated clay layer is 0.9. The compression index of the clay layer is 0.3 and
the swell index is 0.05. The consolidation pressure due to the foundation is caleulated to be 60
kPa at the mid-height of the.clay layer-.

TFig. Soil profile for next Problems, 12.54-12.58
Problem 12,54

For the above soil, the effective over-burden pressure at the mid-height of the clay layer is most
nearly:

A. 90kPa B. 100kPa C.110kPa D. 120kPa

Solution: C
P, = (17 %](391)-{17 9.81 —](4 m)+[20 9.81 511}( m)=110.33kPa.

Problem 12.55
The total effective pressure at the mid-height of the clay layer is most nearly:

A. 110kPa B. 170 kPa C.230kPa D. 420 kPa.
Solution: B

P=P,+AP=110.33 + 60 = 170.33 kPa

1227
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Problem 12.56

If the over-consolidated pressure of the clay layer is 130 kPa, the ‘primary consolidation
settlement for the clay layer js most. nearly:

A. 82cm B. 10.2.cm C. 122 cim D.14.2 cm
Solution: C

P, =110.33 kPa; P=P +AP=170.33 kPa; . =130 kPa

P +AP>P.> P,

o, v H. AP
Consolidation scttlement, AH =, logj — |+C.. fog P *
' lte, P, I+e, ] U P

;
AH =(0.05) - 6 ]log 130 ] (03 6 log. 1?0.;33J
- 1+0.9, 110.33 1409/ 7\ 130 )

=0.0112+0.111 =0.122 m=12.2 cm

Problem 12.57

For:the above problem, if the over-consolidation ‘pressure is 100 kPa, the primary consolidation
settlement in cm for the clay layer is miost nearly:

A 18 B. 20 C.1.8 D.0.18
Solution; A
E,=11033kPa;  P=F +AP=170.33kPa; £.=100 kPa
PP
P +AP > P.
Both £, and P+ AP are greater -th_an Pe. So, consolidation scttlemerit,
AH =, = |log| —*—
] -|~- e‘U.' . . j).-i A,

-3(03{ 0 ]Iog[rm%} 0179 m=17.9 ¢cm= 18 cm

109 110:33

Problem 12,58

For the above problem, if the 6ver-consolidation. pressure ig 200 kPa; the primary consolidation
settlement (cm) for the clay layer is most nearly:
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A28 B.3 -C. 30. D. 0.03

‘Solution: B

P,=11033kPa;  P=F +AP=170.33kPa; P. =200 kPa
Py<FPy  B+AP<E

Both P, 'and P+ 'AP are smaller than P¢.. So, consolidation scttlement,

pt = o g P Al
I+e, P

AH:_(O._O’S{- 6 )1 [17033) 0.03 m=3cm
- 1+0.9, 11033

Problem 12.59

“Upon constructing a foundation, the total change in void ratic due to re-compression and virgin
compression is 0.1.. The initial void ratio of the soil is 1.3. If the thickness of the soil later is 5 m,
the ultimate consolidation settlement (cm) in the soil layer is most nearly:

21.7
24.1
288
26.3.

oOP >

Solution: A

S =&, = Béror H-q:( o1 ](S-mf):o;z-n m=21.7 cm
I+e, ) 7 \L+1.3, . /

Problem 12.60

The coefficient of consolidation (G) for a clay is 3.1 x 10% in%/min. If the clay layer is underlain
by impermeable bed rock, most nearly how much time will it take to settle 10% of the layer
probable to total primary settlement? The clay layer is 8 feet.

A. 10d B.124d C.1424d D. 162 d
Solution: D

=0.00785 for' U =10%

(HZ) ___0.00785

dr
¢ i

(96 n Y =16.2 daysfor 10%settlement
3.1x107°

min

12:29
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Problem 12,61

The coefficient of coasolidation (G for a clay is 3.1 x 107 in¥min. If the clay 1ayer is underlain
by permedble sand, most nearly how. much time will it take to settle 10% of the layer probable to
totdl primary settlement? The clay layer is 8 feet.

A. 41d B.5.2d C.2.9d. D. 1.2 months
Solution: A

7, = 0.00785 for U=10%

= (der) S ?85. 2 (22.; }'in.) = 5834 min = 4.1 days

w 3.1x10 73 BN
mn

Problem 12,62
Secondary consolidation occurs in -
A. clay b. sand e silt d. rock

Solution: A

'Primaryfsec_o'ndar-y consolidation occurs in clay only.
Problem 12.63
Normal-consolidation means what?
Seil i5't00 much compacted by roller

Soil has past pressure which is fess than'the current Ppressure
Soil can withstand greater pressure compared to-current overburden pressure

Cowp

Too much-compaction-may destroy the. soil

Solution: B
Normal-consolidation means, soil has past pressure which_is-equal or less than the
current pressure. The third option is true for over-consolidation soil. But, it is not the
definition.

Problein 12,64

Consolidation settlement is a function of what?

A, Plastic limit.
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B. Plasticity Index
C. Shrinkage index
. Liquid limit

Solution: D

Coefficient of consolidation is a finction of Liquid limit. Thus, consolidation settlement is
a function of LL..

Problem 12.65

In the past, a sandy soil had 500 kPa overburden pressure. After constructing a foundation, the
total pressure is 400 kPa, The soil is' most nearly:

Sand

Normally consolidated clay
Over consolidated clay
Normally consolidated sand

N

Solution: A

Normal-consolidation :means, soil has the past pressure which is equal or less than the
current pressure. But it is for clay. The current soil is sand.

Problem 12.66
Solid bedrock is -
A. porousmedia B. non-porous: C.claytype D, drainage
Solution: B
Problem 12.67
‘Which one of the following has higher value?
Compression index

Swell index
Both dre equal

= eN i

Depénds on soil type

Solution: A

. .. . 12-31
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Swell index is always. smaller than ‘the Compression index. It is about 1/6 of the
Compression Index.

Problem 12,68
Which one of the following has higher value?

- Primary settlement
Secondary settlement
Both are almost equal
None of the above

o0 W

Solution: A
Pioblem 12.69
Which one of the following relationships is true?

A. G =0.009 (LL-10)
B. G:=0.09(LL-10)
C. G=0.009(LL-20)
D. None'of the above

Solution: A

Normal and Shear Stresses in Soil

Two types.of soil strengths are of intérest in foundation design. The first one is the unconfined
compression strength. It is determined by applying load to a cylindrical soil until failure. The
failure force over the cross-sectional area of soil is defined as. the unconfined compressive
strength, qu. Another soil strength, called shear strength of soil is determined by direct shear test.
In this test a soil sample is applied certain normal stress first, and then shear stress is applied until
failure. This step is repeated at least twice with 2 different normal stress. Then, shear stress-
normal stress diagram is plotted with a straight line. The slope of the line is called the angle of
internal friction (¢} and expressed in degree. The shear stress corresponding to zero normal stress
is called the: cohesion (b)..'Sand/silt has no cohesion; ‘whieress, ‘clay has almost zero angle of
internal friction. .

Normal stress: & = -
A
Shear stress: 7, =—
A
Shearing stress at failure: 7, = ¢+, tang

1232
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P=normal force
A = cross-sectional area over with force acts

T'= shearing force
¢ = cohesion
¢ = angle of internal friction

Problemn 12.70

Tn a shear test on sand, a normal stress of 150 kPa was applied. The specimen failed when the
shear stress reached to 80 kPa. The sand’s angle of internal friction is most nearly:

22°
28°
32°
38°

oo R

Solution: B
¢=tan’" [-—J = tan”’ (;1%%):.28'" (Angle of internal friction)

Problem 12.71

Two shear tests were performed on a clay soil specimen until the sample failed. The data are
presented below.

Normal Stress (psf) Shear Stress {psf)
100 220
400 460

The soil's-angle of internal friction is most nearly:’

22°
28°
32°
39°

Sow

Solution: D.

$=tan"" [ Az ] =tan"" (MJ = tan_'.(?%]: tan""(ﬂ_.;S-) = 39"

Ao, 400 — 100
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Problem 12.72

Two direct shear tests were conducted on a soil sample until failure with the followinig data:

Normal Stress (psf) Shear Stress (psf)
0 120
100 230

The-cohesion (psf).of the-dry soil is most nearly:

120,
240
170
Cannot be detérmined

o 0w

Solution; A
¢ is the shear stress when normal stress = 0 ; =120 psf
Problem 12.73-

The shear stress and the normal stress curve of the sand is shown below. Which of the following
is true? o

A B

Y

A) A: Above failure; not possible point
B: Failure plane .
B) C: Failure plane, soil is supposed to fail.
Q) A: shear stress for densified condition.
C: Below the failure, soil is safe against failure
D) None of the above

Solution: A
A: Above failure, not possible point
B: Failure plane

C: Below the failure, soil is safe against failure
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Effective stress, Pore Water Pressure, and total Pressure

Effective stresé means the stress applied by the moist.or dry soil itself. The soil can be moist. It
can be determined as:

Ps= effective stress
y= Unit weight of soil
B = height.of soil above the concern point

For example, the effective stress at 7 ft below 4 soil with unit weight of 130 pef is 130 pef (7 fi) =
780 psf. This soil can be dry or moist. However, if the soil.is. fully saturated then, the effective
stress can be determined as:

¥ = Submerged unit weight of soil = y -y,
y, = Unit weight of water (62.4 pcf or 9.81 kN/m?)

The stress exerted by water is called pore water pressure which can be determined as:

U=y, h

The pore water pressure at a point inside a soil is equal vertically and horizontally: The total
vertical pressure at a point can be calculated as —
Pi=P + i

Horizontal Stress Profiles and Forces

The vettical stress (Py) due to the overburden soil is determined by the product of the unit weight
of soil and the depth of the soil as described above. The horizontal stress (P#).i$ caleulated by
multiplying earth pressire coefficient (K) if there is o saturated soil layer. Horizontal pressure at
a point ¢can be-calculated as —

Py=K P,

Earth pressure can be of three types which are discussed here.
Farth Pressure ar Rest: This concept is not discussed in the NCEES FE Ref. Handbook.

Active Pressure on Retainipg Wall- When soil tries to move, and push the retaining wall, active
earth pressure is exerted by soil on the wall. Then, the coefficient, £ in the above équation is
replaced by K.

K = Rankine active earth pressure coefficient=tan” (4 ““2]
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Passive Pressure on Retaining Wall: When retaining wall tries to move and push the retaining
“wall, passive earth pressure is exerted by soil on the wall. Then, the coefficient, K in the above
‘equation is replaced by £,

Kr= Rankine passive earth pressire coefficient =tan2[45+§)

The above discussed horizontal stresses good if there is no saturated soil layer. If such exists, the
effective vertical stress and the pore water pressure are separated. Then, the horizontal stress is
determined by. miultiplying the effective vertical stress. by the earth coefficient and then adding
the pore pressure. It is worthy to hiote again that the pore water pressure is-equal-ini both vertical
direction and horizontal directions. The vertical aiid the horizontal stresses phenomenon are
discussed below using a soil profile:

w| || v
A NN
¥id C @Y, + =
Effective Vertical Pore Stress Total Vertical
‘Stress Stress:
Fig. Verucal stress calculation
Hy PV
S S KyHy LN
He| W @@y + -
I((}"'PHF _F-?.?_{Hﬂz) T}V-H? K(}'f H i+ J’_’g.FH:?)?‘"yu:Hz
Effective Pore Total
Lateral Stress Lateral
Stress Stress

Fig. Horizontal stress calculation
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A retaining wall is supporting a soil as shown below. There is a ground water table 5 m below the

surface.

L #35"

Ex0
1omi [ @=35"

Fig. Soil profile for Problems 12.74 — 12.83 3 ¥ =20 kNjm®
Problem 12.74
The vertical pressure at A is most nearly:

A. 90kPa B. 100 kPa C. 110 kPa D. 120kPa
Solution: B.

kN . .

Vertical pressure at A=7h = [-220_ —3](5 m) =100 kPa
Problem 12.75
The pore water pressure: {kPa) at-A.is most nearly:

A O B.98.1 C. 196 D. Gannot be determined

Solution: A
The soil above the point, A is unsaturated. $o, there is no pore water pressure at A.
Problem 12.76

The pore water pressure (kPa) at B is most nearly:

A0 B.98.1 C. 1% D. Cannot be determined.
Soludon: B
Uy =7y h =(981 "%NTJ(]O m) =98.1 kPa
. m'
12-37
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Problem 12.77

The vertical effective pressure (kPa) at B is most nearly:
AL 182 B, 202 C.222 D. 242
Solution: B

ol =(5 m{QO -ﬂ,,);rm m-(zﬂ—t).s])}iy; =201.9 kPa=202 kPa
{20 )=

Effective pressure means, we need to deduct the pore water pressure if the layer is fully
saturated.

Problem 12,78

The total vertical pressure (kPa) at B is most nearly:

A 180 B. 200 G. 220 D. 300
Solution: D _
o, =(5 m-j[zo 1‘1}1) +10m (20&;{] =300 kPa
om’ n’

This can also be calculated as, Total Pressure = Effective Pressure + Pore Water Pressure
Problem 12.79
The Rankine active earth pressure coefficient for the soil is'iost nearly:

A 022 B.0.27 C.0.33 D. 0.39.
Solution: B

K, .ztan2[45 - fg] z.tan-z(45_ v§2~5_] =0.27

Problem 12.80
The lateral earth pressure (kPa) at A4 is most nearly:
A. 100 B. 67 C.27 D.7
Solution: C | |
k, =tar1.‘2(4'5_-_£5} = tan 2'[45_“3—5] =027
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o, at A=K, (vertical pressure at A) =K, yh= '(0_:2?'{20 E«NT)(S m)=27 kPa
' .om’

Problem 12.81
The lateral pore water pressure at B is most nearly:

A. 981 kPa B.2.7kPa C..19.6 kPa D, 9.81 kPa
Solation: D

Pore-water pressure at-any point is equal in horizortal and in vertical directions.
U,=7,h= (9 81 m—](l 0 m)=9.81kPa

Problem 12.82
The lateral effective pressure at B is most nearly:

A. 455kPa B.54.5 kPa C.65.5kPa D. 75kPa
Solution: B

o,atB=K, (effective  vertical pressurcat B)=X (;/IH' +'3_}/£-H;)_'

= (‘0.2?)([20 k—N~](5 m)+ (20--9. 81)(10 m)J =545 kPa

Problem 12.83

The total lateral force and its location at the wall due to the top: 5m soil is most nearly:

A. 58.5kN/m, 3.35 m from the sutface
B. 68.8 kKN/m, 1.67 m fromthe surface
C. 67.5kN/m, 3.35 m from the surface
D. 78.4 kN/m, 5.35 m from the surface
Solution: C’
P, = Area of the pressure diagram.
= E(KA' Y}-HI)(HI)
1., .2
e "Z_K_J:-}’l H

:%(027{20 IL.N_](S m)

@seismicisolation
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=675kN

2 2
Location % H, from the surface = ;(5 m)=3.35m

Problem 12.84

The actjve earth force and its point of action at'the wall for
the soil shewn below is most nearly:

o
20 kip/ft, 13.3 ft from the surface. 1 los @25
30 kip/ft, 13.33 ft from the surface y o 12pet
40 kiﬁ/ft-, 27 ft from the surface:
50 kip/ft, 27 ft from the surface

oo e

Solution: C

K, = tanz(z;sfwg!] =041

P, :%K_A_ y H* :% (0.41)(120 pef)(40.f1) =39,360 _%’i ~40 —I%P

Location, %H from the surface = %(40 ﬁ) = 268 fi=27ft

Problem 12.85

If the wall is pushed towards the soil for the soil shown in the previous problem (Problem
12.103), the pressure exerted back by the soil to the wall is most nearly:.

210 kip/ft, 13.3 # from the surface
198 kip/ft, 13.33 ft from the surface
237 kip/ft, 27 fi from the surface
323 kip/ft, 27 ft from the surface

50w

Solution::C
K, =tan’ (45 +—g~) -::1311{45 + g;] =2.46

P, =.~21~ Koy = %(2.46)(_120 pef Y40 fi) =236,536 % =237 . %

Location-of force = %(40 ft)= 26.8 ft ~ 27 ft from the surface
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Foundation Design

Foundation support structural members and transfer loads to the soil; structural members are
usually columns or walls. This is a common area for geotechmcal engineers and $tructural
engineers. Structural design, size and shape of the footing is designed by the structural engineers.
Geotechnical engineers deétermine the . allowable soil pressure based on laboratory and field

testing.

Foundation {(sometimes called footing) can be of different types

|4

which are mentioned below. Wall, squate; combined, and mat. -y
foundation are térmed- as shallow foundation and the last one,
‘plie foundation is termed as deep foundation considering the 2

|
f 77T
|

_dep_th of the foundation. Computation of wall footing only ‘s l rww M]

included in the NCEES FE Ref. Handbook. Some basic

+?f+1'+4?

__qﬂ&

E 3

concepts/items of foundation are also discussed here using
.examples.

Ultimate Bedting Capacity of wall footing, g,, =¢N. + ;y‘? D/N_+ Q.Sy'IBN »

N:= bearing capacity factor for cohiesion
IN; = bearing capacity factor for depth

Ny :-BEaring-capacity factor for unit weight
Dr= depth of footing below ground surface
B=width of strip footing

¥ = effective unit weight

qm’ !

The allowable bearing pressure can be. calculated as: ¢, = 7S

Problem 12.86
The member carries greater load in a structure is most neazly:
A. Slab B. Wall C. Beam
Solution: D
Column carties load from slab, beam, girder, etc.
Problem 12.87
Type of failire occurs in soil underthe foundation is most nearly:

A. Compressive B. Shear C. Bearing

@seismicisolation
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D. Column

D. Tension
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Solution: B

Shear failure. occurs in foundation. Upon applying column loading, soil beneath the
foundation slips Ia]:erall_y. '

Problemn 12.88

Which of the follawing value(s) is/are required to calculate the ultimate bearing pressure of soil
under the foundation?

A o B. ¢ Cp D. All the above
Solution; D
Cohesion (), angle'of internal friction (4) (needed to find Bearing Factors), and density
(needed to determine the unit weight, )) are required to calculate the ultimate bearing
pressure of soil under the foundation,
Problem 12.89
Immediate settlement occurs under foundation due to -
A. elastic 'distortio_n
B. expulsion of soil water
C. movemeént of soil water
D. All the above

Solution: A

Immediate settlement occurs under foundation due to elastic distortion. Consolidation
settlement oceurs due to expulsicn of water which takes several years.to complete.

Problem 12.90

Do the Terzaghi bearing capacity factors depend on internal friction angle?
Not at all

Yes

Depends on site
None of the dbove

Towp

Solution: B
Terzaghi bearing capacity factors depend on internal friction dngle.

12472
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Problem 12.91

Foundations installed to bypass unsatisfactory soils and transfers load to a suitable bearing stratum

is'called —~
A. Mat foundation
B. Spread footing
C. Raftfoundation
D. None of the above
Solution: D

Foundations installed to bypass unsatisfactory soils and transfers load to-a suitable bearing
stratum is called deep foundations. Piles, piers, etc. are the examples of deep foundatien.

Problem 12.92

The groundwater table affects the pressure distribution under the foundation. True or false?
True for any soil type

Filse for any soil type

Depends on the soil type
Depends on fouridation type

oow»

Solution: A

Problem 12.93

Deep pile supports the load in two ways: end-point bearing and what?
Lateral pressure

Water pressure

Side friction
None of the above

OOwp

Soluticn: C

Pile supports  the load in two ways: side friction and end-point bearing. The end-point
bearing means the-end resistance of thepile.
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Slope Failure Along Planar Surface

Analysis of slope stability is important in areas where.

inclined surface exists. The basic conicept is-that mobilized

shear force (Tion) occurs along the assumed slip surface. This

is developed due to the component of soil mass (W) along
the slip surface. This mobilized shear force { Zaos) Is. resisted
by the available shear resistance ( 77) which is developed due
to: frictional force along the slip surface and cohesive
attraction. When Tuonis gi‘ea_t’er than- 7#s slip occurs.

F5= factor of safety against 'sldpe-i’ns’tability = _._T}f

T,

A
Ls= length of assumed planar slip surface
War'= weight of soil above slip surface

a,= angle of assumed slip surface with respect to horizontal

Problem 12.94

When does sliding occur in soil slope?

A.- When shear stress developed in-soil exceed the shear strength
B. When normatl stress in soil exceeds normal strength

C. When shear stress developed in soil exceed normal strength
D.

None of the above
Solution: A.

Problems 12.95— 12,99 are based on the following figure:

Aswuned

S e PlanarSlip

s = mobilized shear force along the slip surface =¥,, sin a,

15 f

Surface
Lyon:
T, =available shearing resistance alongslip surface = cl +W,, cosag tang:
A

Cohesion = 100 pst

Angle of friction= 30°

Unit-weight of s0il=110 pcf

13-44

@seismicisolation


https://t.me/seismicisolation

Problem 12.95
The length-of planar slip surface for the above soil is most nearly:

A. 347 ft B.57.11t C. 26.3:4t D.233f
Solution: D

Lt) = §in 40
3

L= =233 f1
Y sin 40

15 f

Problem: 12.96

‘The weight of the soil {Ib/ft) mentioned above that may slide is:most nearly:
4,550

5,060

5,550

on= @

Solution: C

W, :'['%-Lsh.]'y: (%__(231ﬁ)(4ﬂ)](1.10pcf }=35,060 %

Problem 12.97
The mobilized shear force along the slip strface for the above-mentioned-soil is most neatly:
A. 2,253 1b/f B. 2,453 1b/ft C.. 2,853 Ib/ft b. 3,253 Ib/ft
Solution: D
Ty =W, sina;, =5,060(sin40) =3,253 Ib/ft
Problem 12.98
The available shearing resistance in Ib/ft along the slip surface is most neatly:
A. 2,251 B, 2,422 C. 4,538 D.3.251

. L . 12-45
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Solution: C

Tyy=cliy + W), cosa; tan @ =100 psR23 1)+ (5,060 %—'J c0$40(tan30) = 4,538 lEb

Problerni 12.99

The factor of safety against a slope instability is most nearly:

A. 0.9 B. 1.1 s Ny
g 4538 b
FS o 0 ft =1.47 You need to calculate Ter and Twor. first to solve this

Toson - 3,253 Ib
ft

problem, which are shown in the previous 2 problems.

Problems 12.100 - 12.103 are based on the following figure:

SEERTTT o= 160 psf
y= 120 pef
B= Angle of friction=25%
20 ft Wy=Weight of soil above
slip surface =4000 / ft
Y-

Problem 12.100
The length of planar slip surface is most nearly:

A, 34t
B. 57 ft
C. 261t
D. 231t

Solation: C

20_ s |
“ _ 20
=20 _o6n
sin 50

el
i

S . 12:46
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Problem 12,101

The mobilized shear force along the slip surface is most nearly:

A. 3kip/fe B. 4 kip/ft C. 5 kip/ft. 1. 6 kip/ft
Solution: A

Tyn =W,y sine, =4,000(sin50) = 3,064 1b/f ~ 3 kip/ft

Problem 12.102
The available shearing resistance along the slip surface i§ most nearly:
5,833 Ib/ft.
6,833 1b/ft

5,359 Tb/ft
8,833 Ib/ft

UoE s

Solution: C.

T, =L +W,, cosay tang =1 6_0.p'sf(26'ft).+[4,000 %)(cosse)(tanzs) =5,359 %1

Problem 12.103

The factor-of safety against slope instability is most nearly:

A 10
B. 1.2
co13
D. 1.75
T 535012
FS= j‘w _ | E s,

Loon 3,064 -
1

You need to c_aiculate- Tir and Twmon first to solve this problem, which are shown in the
previous 2 problems.

12.47
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Problem 12.104

For the soil shown below, the weight of the soil above the slip surface is most nearly:

el . y=120 pcf
- N’aﬂurepiane i:«"‘ ]30 psf

@ = 20°

A. 8.3 kips/ft
B. 10.3 kips/ft
C. 12,1 kips/ft
D. 14.7 kips/fc

Solution: C

Length of failure plane, Le= _1_5 ft = I,_S ft =30#
© o osmag  sm30
, 15ft I5ft "
Length of curved surface, L = — —— =196 ft
sin 3 smSO

m-i"sm(ﬂ a, )=sin{50 —30)
So h==6.7 it
W, = [E.L_-S-_ﬁ} y= [%(30&)(6;7 n_)](lzo pef )= 12,060 1'3 12,1 k‘é’s

Sometimes, you may need to round off while selecting the answer. For example, in this problem,
12.1 kip/ft instead of 12:06 kip/ft. This kind of rounding has been done in many- places in this
bDOk..:

“FE exam results are based on the total number of correct answers rhat you sefecied, There are no deductions for wrong
answers. The score is then converted to a scaled score, which adjusts for any minor differences in difficuliy across the
different exam forms. This scaled score represents am examinee's ability level and is compared 1o the minfmuir ability
level for that exam, which has been determined by subject-matter éxperts through . psychometric statistical
methods. .NCEES does not publish the passing score. NCEES scores each exam with no predefetinined percemiage of
examinees that should pass or f3il. All exams are scored the same wa vy. First-time takers and repear takers are graded to
the same standard " Visit ftrpsadnoees, o for more Information.
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13 STRUCTURAL ANALYSIS

Fundamentals of Engineering (FE) CIVIL Exam Specification mentiois, 6-9 questions may appear
in the exam based on Strictural Analysis as follows:

A. Analysis of forces in statically determinant beams, trusses, and frames

‘B. Deflection of statically determinant beams, trusses, and frames

C. Structural determinacy and stability analysis of beams, trusses, and frames

D. Loads and load paths (e.g., dead, live, lateral, influence lines ‘and ‘moving loads,
tributary areas)

E. Elementary statically indeterminate structures

Influence Lines for Beams and Trusses

An influence line shows the variation of an effect (reaction, shear and moment in beams, bar
force in a truss) caused'b_y moving a unit load across the structure. An influence line is used to
determine the position of a moveable set of loads that causes the maximuim value of the effect.
Influence line is drawn by following the following steps:

Step 1. Apply a unit load at different key points of the member

Step 2. Deterniine the concern force/moment/shear at the concern point. This. determined

force is the ordinate for point where unitis applied.

Step 3. Then using the unit load application point and the determined force as (x; ), draw

the influence line. '

Now practice the following problems for further clarification.
Problem 13.1

The qualitative influence line of the reaction at the left support; A of the following beam is most
nearly:

13-1
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D..

Solution: A
When unit load is applied at x = @ (left support), Ay = +1
‘When unit load is applied at x = £ (right support), A, =
Then, using {x, y) = (0, 1) and (£, 0), draw the line.
Problem. 13.2

The qualitative influence line of the reaction at the right support, Bof the fdllt'jw.in'g_*beam is most
nearly:

Solution: B

132
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Problem 13.3

The qua]itative influence line of the shear force at Cof the following beam is most nearly:

D.

Solution: C

When a unit load ‘is applied at A, ¥ = 0; because support will resist the load: Similaily, when a
unit load is applied it B, Ve = 0.

Consider-C is located at 0.2L. from the left. Apply a unit load just left of C. Then ~

| - "-Il
g3 081 !
>Mat B=0 |
A (D)~ 1.0(08L) =0
Ay =08
Now; cut at Cas follows, draw free-body diagram and apply 3.5=0
lj.O.J 2 M
08-10 V=0 !
Ve=-02 -

- - - - ]3“3
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Now, if you place unit load just right of G, then V..=.0.8 as follows:

08~ V=0 i
Vi= 08 '

08

Now, you can draw the diagram using these four points: (_O, 0), (Left of C, -0.2), (right of C, 0.8),
and (0, 0). Note: we assumed. C'is located 0.2 from the left. For other values proceed accordingly.
Theshape will be the same, stair-type shape.

Problem 13.4

The qualitative influence line of the moment at Cof the following beam is ost nearly:

D.

Solution; D

‘When a unit load is applied at A, M = 0; because support will resist the load. Similarly, when a
unit Joad is applied at B, M- = 0.

Consider C'is Jocated at 0.2-ft from the left of the 1-ft long beam. Apply a unitload just left of C.

A}' O 2__ fF ! 0.8 “ﬁ ’

134
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YMat B=0
Ap(LOF)~1.0 (0.8-ft) =0
Ay=08
Now, cut at Cas follows, draw the free-body diagram and apply .M at C=0

YMat G=0
0.8 (0.2-ft) - M: =0
M= 0.16

Now, you can draw the diagram using these four points: (0, 0), {C, 0.16), and (0, 0). Note: we
assumed Cis located 0.2-ft from left of 1+ft beam. It doesn’t matter whether the unitload is applied
at just the left or just the right of C. Fot other values proceed accordingly. The shape will be the
same, two-straight lines meet at a point..

Pioblem 13.5

The maximuin positive shear force that can be-de‘velo_ped at point, €, of the following beam due to
a concentrated load moving load of 2 kips and a uniform load of 1 kip/ft is most nearly:

i 1614 |
A, 2Xkips B. 4.56 kips C. 8.0 kips D. 12.365 kips
‘Solution: C

Draw Influence line of shear-force first-as shown in Problem 13.3. Ap.ply'the mentioned
loading which gives the maximum shear force,

The maximum positive shear force develops when the concentrated. load acts at Cand the
uniform load acts only at the right of C'of the beam to the right support.

Therefore, positive Vmarat C=2 kips (0:80) + 1 kip/ft [V2(16 £)(0.80)] = 8.0 kips
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@seismicisolation



https://t.me/seismicisolation

Pioblem 13:6

The maximum negative shear force that can be developed at point,  of the following beani dye to
aconcentrated Joad moving load of 2 kips and a uniform load of T kip/ft is most nearly:

)
4f 16t

A. 0.8Kips B. 2.00.kips C. 7.5 kips D. 12.365 kips

Solution: A
Draw Influence line of shear-force first as shown in Problem 13.3. ‘Apply the mentioned loading,

0.80

T 020

The maximum negative shear force develops when the concentrated load acts at € and
the uniform load acts only ar the left of Cof the beam to the left SUpPPOLT.

Negative Ve at C=2kips (-0.2) + 1 kip/ft [¥(4 ft)(<0.2)] = -0.8 kips
Problem 13.7

The maximum positive moment that can be developed at point, C of the following béam due to a
‘concentrated load moving load of 2 kips and a uniform load of 1 kip/ft is most neatly:

A. 38.4kipsft B. 20 kips-ft C. 43 kips-ft D. 12.36 kips-ft
Solution; A
Draw Influence line:of moment first as shown in Problem 13.4. _Ap_ply ‘the mentioned loading.

13-6
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3.2 unit-ft

The maximum moment develops when the concentrated load acts at Cand the uniform
load acts all over the beam.

Mseat G= 2 kips(3.2) + 1 Kip/ft [(20 £)(3.2)] = 384 kips-ft
Problem 13.8

The influence line of member CFof the following truss is most nearly:

c E
A4
i D F _'
1@ 10-20f ——
) W
-0.75
B A B
_:0'5'.'
A B
C. - .
05
+0.75
b, 2 r \l_\\z\ﬁ
Solution: A
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All answer options are different at joint, €} 10-ft from the left support. Therefore, checking a
single joint will find out the answer. Let.us.check when the unit Joad is placed at Cas follows:

G
e _ _ 06
4 N \ Bl
o D H oy
AVI:_— 4@ 10=40f —
YMat B=0
Ay (404 - 1.0 (30 f) =0
Ae=0.75 1.0 _
CX Fer
Then, for the cut section, YMat D=0 P 1 o
Fer (10 1) + Ay (10 ) = 0 g 1OR D / '
Fog= - 075 T

A.=0.75

Therefore, Option A is the answer. You can place the unit load at other joints.and check further.
Problem 13,9

The influence line of member FH of the truss shown below is most nearty:-

1@10=40
A B
-0.75
A B
B _ L’J/ J — pE——
-
~-0.5
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Solution: D

Al options are different.at joint, €, 10-ft from the left support. Therefore, checking a single joint
will find out the answer. Let us check when the unit load is placed at Cas follows::

! d
- t
10
A L~ o
e i .D F . 9 :
>Mat B=0
Ay (40~ 1.030f)=0

A)_' = 0.75 ) 1.0 E
104 \

Then, for the. cut section, SMat £~ 0
- Fer (10 ££) — 1.0 0 ft) + A (20£t) = 0 %
Frr=05 A A :

104

E D 10& FFu

T
‘Therefore, Option D is the answer. T
You can place the unit load at other joints and check further.

Moving Concentrated Load Sets

‘When seriés of loads move over a beam (say, bridge’: beam), the maximum moment occurs for a
specific loading configuration. The absolute maximum moment produced in a beam by a set of “n”
moving loads occurs when ‘the resultant “®” of the load set and adjacent load are equal distance
from the centerline of the beam. In general; two possible load sets positions must be considered,
one for each adjacent load. Regarding the maximum shiear, it is. understandable that the maximum
shear-occurs when all (or most of the loads) are the closest to the left support or the closest to the
right suppert. '

. .. . 13-2
@seismicisolation


https://t.me/seismicisolation

Problem 13.10

A car has two rows of wheels as shown below. If the car passes over thel8 ft bridge beam, what is
most nea:ly the absolute maximum motnent produced in the following beam? Assume, the

maximum moement occurs under the 9 kips load.

Qkips
4 kips

% v I’ }81‘.'{ A

36 kips-ft
45 kips-ft
54 kips-ft
60 kips-ft

o0 W

Solution: B

9kips (0) +4 kips (7 )
9+4
Place the 9-kip load and the resultant equal distance from the beam-center as shown below.

Centroid of the loading w.r.t 9 kips load =

=215 ft

9 kl f X
-:-*,ff;a 7.92 105,08 4.85 ” 3.07 gﬁ}f_«,
O 9ft
> M,=0
4= 4Kk(3.07 ﬁi;zk(lo 18 1t) 5,72 kips

._9k:psl
il 792 K c&

5.72 kips T

M. =0

Mina = 5.72 k (7.92 ft) = 45.32 kips-ft
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Problem 13.11

A car has two rows of ‘wheels as shown below. If the: car passes over thel8 ft ‘beam bridge, the
maximum shear force (kips) produced in the beam is most nearly: '

9 kips-
4 kips

ol

7.36

11.44
17.54
19.60

UoRE>

Solution: B
The maximum shear force occurs at the support when the load is on the support, Here, the
maximum shear force will develop for the following loading configuration..

9 kips
P o ]('i;m

Y. M, =0

A = 4k(1 1) +9k(181)
Y 181t
Therefore, Vinir = 11.44 kips

=11.44 kips

You can try placing the loads close to the right support. But; that will give lower shear force.
Member Fived-End Moments (Magnitudes)

Fixed-End Moment (FEM) means the moment developed at end. suppoits of a sinigle span
beam considering both ‘erids fixed. This can be determined using the:conjugate beam- analysis.
FEMs for two common cases of beam are listed here as the NCEES FE Ref. Handbook lists
these: two only. This is used in solving beam using slope-deflection method moment
distribution; etc.

13-11
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Y > i
? FEMyp = FEMgy = ——
R .

‘B

7z
A :::
o
A

12
L o
Pl |

4 R T FEMy; = "5

z : T

J.h' - e o, .\........{-.‘3 FEM . Pazb

I a . b B BA T TET

Problem 13.12
The fixed end moment for the following beam is kip-ft.

[write the answer in one decimal place such as 3.7 ot 87.3 etc. without unit]

2 kips/f-

LALLIALd Ll illiill b

N
SRR
R

154

N

‘Soluticn: 37.5;

F

Stability and Determinacy

A structure is said to.be stable if it’s suppoit restraints and member organization should be such
that it does not collapse due to external loading from any ditection-and of any kind. Stability can
be accessed by mathematical calculation-and visual inspection. The following syrnbols have been
used here to discuss this phenomenon.

m = number of members

r=number of external reactions

J=number of joints

&= _nurribe_r_of conditions based on known intérnal moments or forces, such as internal
meoment of zero.at a hinge

13-12
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Determinacy is determined by comparing the unknown forces:in a stnicture and the known
conditions available.

Plane Truss

For plane truss (2D truss), the following formuilations can be used to justify the stablhty
(external) and determinacy of a'plane truss. To ]ustlfy the internal stability of truss, it must be
accessed visually.

Static Analysis Classification
m+r<2f Unstable
m+.r=2f Stable and statically determinate
m+r>2j Stable and statically indeterminate

Problem 13.13

The following planar truss is most neatly:

G | Jros

unstable

stable and statically determinate
stable and statically indeterminate
unstable and statically indeterminate

SRR A=

‘Solutjon: B
Number of member, m =9 m+r=12
Number.of reaction, r= 3 27=12
Number of joint, /=6 m+r=2j
So, determinate'and stable.

Problem 13.14

The following planar truss is most nearly:

13-13
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sk g%
Unstable
Stable and statically determinate:
Stable and statically indeterminate
‘Unstable and statically indeterminate

CoEE

Solution: B

Number of member, m =13 m+r=16
Number of reaction, r=3 2j=16
Number of joint, j=8 m+ r=2j
So, determinate and stable:

‘Problem 13:15

The following planar truss is most nearly:

Unstable

Stable and statically determinate
Stable and statically indeterminate
Unstable and statically indeterminate

vowpe

Solution: C

‘Number of member, m=13 m+r=17
Number. of reaction, r=4 2j=16
Numiber of joint, /=8 m+r>2j
So; indeterminate and stable

@seismicisolation
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Plane Frame.

Static Analysis ‘Classification
3m+r<3j+e Unstable.
3m+r=3j+c Stable and statically determinate
3mir>3j+vc Stable and statically indeterminate

Problem 13.16

The following planar frame is most nearly:

O oW

VR 2 S 2

b

Unstable

Stable and statically determinate
Stable and statically indeterminate-
Unstable and statically indetérminate

Solution: C

Number of member, m=7
Number of reaction, r=4
Niumber of joint, j=7
Number of condition, ¢=0

Problem 13.17

The following planar frame is most nearly:

v ¥ ¥ v ¥

SR

B3myr=25
3+ c=21

3m+r>3f+ ¢
S0, indeterminate and stable

hinge

i

e

13-15

@seismicisolation


https://t.me/seismicisolation

A. Unsrable
B. Stable and statically determinate
C. Stable and statically indeterminate
D. Unstable and statically indetetminate
Soluton: C
Number of member, m= 8 3m+.r=128
Number of reaction, r= 4 3j+c=25
Number of joint, 7= & 3m+r>3j+c _
Number of co'_ndition-,_ c=1 50, indeterminate and Stable
Load Tracing

Before designing a structure, it is necessary to determine the possible load at different members of
a structure: To do it, it is essential to know, how load. transfers from our footstep. through
different members of a structure to the foundation. Let me explain how load transfers from
structural member to member. At the very beginning load is applied on the floor or slab of 'a
building in the form of human being, furniture, etc. Theslab transfers thisload to beam as shown
in the Figure below. It ‘can be seen in the plan view that the beam is connected to girder; that.
‘means the beam load is transferred o girder. Girders then transfer the load to column. The.
column load then goes to foundation soil. Therefore, load calculation starts from roof slab and
then gradually comes downiward.

Now let us see, how slab load:is transferred. There are two different ways, slab load is transferred
‘to beam: one-way system and two-way system. These are. explained using the following Figure:
Let ug consider the following slab with beams all around.

Ginder Length of glub

[T
¥

Withly of stab

i

e : Bt{.':i'l‘u_

Column

Beimigirder

Profife.of 4 huilding structure
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Width

lﬁng_éf beams equally.

e, Length
aih

If, E(E{_lmgthm >2.0, then the load distribution is one-way; the slab load is to be :carried by both

<20, then the load distribution is two-way; beams all around carry the load.

One-way Load System

_ Length ) g A -
For one-way load system [ Width“ > 2_.0] . the slab load is distributed as shown in the following
figure. Beam, B-2 carries load 50%of each slab as:shown by gray color. Beamis, B-1 and B-3 carry
oad 509% of the slab as shown by the dotted region. The girder, in the left and in the right does
not carry any load directly from slab. However, the girders have ‘its: self-weight and the
concentrated load at its mid span from the interior beam. The exterior beam transfers the load
-di’re‘cﬂy to the.column. The column load at the lower story is the cumulative of the load from its
story and all the stories above. :

Widih

Tributary
widih fov
Anterior .. ¥
heam

Width

Girder
Let us see an example of one-way load transfer system based on the above figure.

Problem 13.18
Let us assume the following:

Width of slab= 10 ft

Length of beain = 27 ft

Slab load = 2 ksf (including the self-weight)
What is most nearly the load on the interior beam, B-27

Solution:

Length-to-width ratio oftheslab = 22/10=2.2 >2; so one-way load distribution.
Tributary width of the beam = (10/2)+(10/2) = 10-ft.

Load on interior beam = 2 ksf (10 fty = 20 kips/ft. The load distribution can be drawn as
follows:

. L . 1317
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20 kips/it

s

; T
ety LA
[ a— i

-

b 22 fr

Fig. Load on interior Beam
Nore: This problem may be appeared as Multiple-Choice Question, or drag and drop; etc.
Two-way Load 'Sy'xtem

For two-way load system ['—Lé—?ftﬂ < 2’-.'0), the slab lad is distributed is shown in the following

figure. Beam, B-2 carries load 50% of each slab not up to full length. The girder, in the left and in
the right, carries some load directly from slab. The area of this load determined by drawing 45°
lines from each corner. The exterior beam transfers the load directly to the column. The column
load at the lower story is the cumulative of the load from its story and all of the story above:

485, Widtha  T45°
- i - . A( . s P
e 4 e e P width TI_'iblilary
# wigwa L width for
e 3 4T interiar
Tributaiy " * o beam
idth §OWidihi2 o 4 _
?‘Idt}vl-.i{)[‘ o g R | wigm
interior___ 4" 7 '
& . . - e,
beam P 1w Icilh.f2"_,,_,,---"“\':”F
= —= S
4 s x‘“—-...—" o ki
Girder

Let us see an example of twa-way load transfer system bised on the above figure.
Problem 13.19
Lét us-assume the following;
Width of'slab = 10, ft
Length: of beam = 15 ft _
Slab load = 2 ksf (including the self-weighi)
What is most nearly the load and draw it for the interior beam, B2 7
Solution:
Length-to-width ratio of the slab = 15/10 = 1.5 < 2 so two-way load distribution.

Tributary width of the beam = (10/2) + (10/2) = 10 ft.

13-18
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Looad on interior beam = 2 ksf (10 ft) = 20 kips/ft up to middle (15-2x5} =3 ft, uniformly-
decredses to.zero at the ends. Therefore, the load distribution can be'drawn as fblloWs:

o 20kipyR
o
h'—f T S [ e
Load on Interior beam

Note: This problem may be appeared as Multiple-Choice Question, or drag and drop, etc.

Lateral Stability of Load Tracing

The sense of lateral stability is more like a common sense. While designing and constructing, it
must be borne in mind that there must have adequate restraints on structure to resist-any ‘kind of
load from any side. For example, wind force may come left to right or right to left, and so on. The
following example will clarify it.

Problem 13.20

Let us check whether the following structure is safe or not.

ALLLLLLITTLLLL,

Solution:

The above structure has vertical load; the structure has two vertical supports to-résist that
load. However, both supports are roller support-which resists load in one direction, in this
case, the vertical direction. If there any _lbad comes horizontally, by chance, there is not
restraint to resist that. Therefore, the structure will move if any lateral load exhibits. So,
this structure is not safe. It will be safe-if the roller is replaced by pin or fixed supportt.

Truss Deflection by Unit Load Method

The_displacement of a truss joint caused by external effects (truss loads, ‘member temperature
change, member misfit) is found by applying a unit load at the point that corresponds to the
desired displacement.

weahers s

A D R(AL)

il T o
el
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Ao = joint displac‘em'ent at point of application of unit load { +in direction of unit load )
£~ force in member “#”caused by unit load (+ tenision)
(AL); = chanige in length caused by external effect (+ for increase in memiber- lenpth)

L
= ( ;}“];" ) ) for bar force Fcaused by external load

= aLiAT); for temperature change in member (a= coefficient of thermal expansion)
= member misfit

L, A= member length and‘cross-sectional area respectively

F=member elastic modulus

Problem 13.21

A horizontal load of 4,000. 1b is applied at joint D of the following truss. The corresponding
member force due to this 4,000 lb-load for each member of the truss is also listed in the table. The
cross-sectional area of all members is-equal to 5 in?, and the modulus of- elasticity i is 29,000 ksi.
The horizontal displicement of the joint Dof the {ollowing truss is. most nearly:

C-\ﬁmﬁ —>  40001b
30 f T
PN cThe,
A B
Member Force (£, 1b Length (Z), in T (1b.in/in*psi)
AB 4,000 480 0.01324
D 4,000 480 0.01324
AC 3,000 360 0.00745
BD 0 360 0
BC ~5,000 600 -0.0207
As 0.26'n
B. 0.06in
C. 0.058in
D. 1111in
Solution: C

wenbers

A_,minl. = z fl (M"):
£l
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To determine £, a imit force is to be applied at joint D horizontally to the Tight. As the
member: force at each member is known due td'the'-.-4,080 ib load, the member force for
unit load can be determined by dividing the member forces by 4,000 Ib.

. L {FLY .
Member Force (A, 1b Length (£); in f / [”;1"}:"] .
AB 4,000 480 1 0.01324 -
CD 4,000 480 1 0.01324
AC 3,000 360 0.75 0.00558
BD 0 360 0 0
BC =5,000 600 -1.25 0.0259
- 0.058

trebers nembers FIL .
;nml Zf AL Z fI(AE] = 0058 mch

1_-.-1.
_Frame Deflection by Unit Load Method

The. displacement of any point on a frame catsed by external loads is found by applying a unit
lodad at ‘that point that 00rresp'0nds 1o the.desired displacement:

menbers Y5

-Aji’__lim: Z _[mm"_d'

=1 Bl

displacement at point of application of nit load (+ in direction of unit load)
mj- = moment equation in member "i" caused by the unit load
M= moriient equation in member "7 caused by loads applied to, frame
L= length-of member."/" )
Ji=moment of inertia of member ;"

If either the real loads or the unit load causes no moment in a member, that member can be
omitted from the summation.

Problem 13.22
The deflection at A of the following beam is - most nearly:
Assume, F= 29,000 ksi, and /= 1,500 in*.

5 kips/ft

2

; .. . 1321
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ISR

0.042 in
051 in
0.89 in
1.23in

Solution; B

5x kips

M M= -5y (/2) = -25%  kips-f

m= 1% kips-ff

A"*':T M IM*& m%ﬁx% _ 2;5”[2;.4]; _
'

2.5

7500 (12)' =0.043£t=0.51in
4(29 000 x 144 ksf)[ = ﬂ)

Positive sign means the direction of loading. So, the deflection is vertically downward,

Alternative Solution: From the NCEES FE Ref. Handbook, Mechanics of Materials

Wit 512 kip/in (12x12in)*

Y - =~().51 inch [-ve means downward]

™UBEL 8(29,000 ksi)(1,500 in%)

Note that you can use any method you like; both must give the same answer. The unit
load methed can be used for irregular loading for frame structure. However,. the listed

formulas in.the Mechanices of Materials Section of the NCEES FE Ref. Handbook is for

few simple beams with regular lo_ading.

Beam Stifftiess and Moment Carryover

Consider the following beam with one end pin and one end fixed. If a moment is applied at the
end A; the beam is to-rotate an angle of & Then, using mechanics the following relationship can

be developed:
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. 4ET
M, = { I3 )9 k 139 where kazis called the stiffriess factor at -A.

B M,

%29

" L% |

The resulting moment at Bcan be wrtten as: M, = [fo )9 = k;’ g

Therefore, M, = % , that means the moment at pin, 4 induces 50% of the moment to the far
fixed end. In other words, the carry over factor of this moment is %. If the end span is pin/roller
supported then stiffness factor can be assumed as k=2 then no carry over will occur from
the end pin/roller joint.

Problem 13.23

A two-span beam is having a uniformly distributed load of 2 kips/ft in one span and no load at

another span as shown below. The lengths and moment of inertias are also given. What is most
nearly the moirienit at €7 Assume the stiffness factor of A and Care infinity.

Lag= 500 in*
_ Ipe= 300"
A. -22.5 kip-ft B. -10.5 kip-ft C. -8.72 kip-ft D. -51.56 kip-ft
Solution: B
3.. ‘: .. ald e Ay 4
!CB.[, — ._['I,q,_f;_: 3E(50{] Iﬂ ).ﬁ 833E ; kH(,- . 4L1’m E(300 m )
Lz 15(12) T Ly 20(12) in

k‘-"".” =00,

Distribution factor:’

DF,,, = 0(end fixed support)

DF, = 1(end pin support)

DF,; = . _83E =0:625 ; DF,. = _2E =(.375

R33E+5E 833E+5L

- - - - 13‘23
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_wlt 215

FEM ,, =—"" = =—37.5 kip ft
Al ]2 ]2 k}p
2015
FEM ,,. = W25 575 kips
12 12
Member AB BA | BC B
DF 1 0625 0.375 0
-37.5 - 375 |
FEM 1375 —1 % 1875
-35.2 21.1——» -10.5
M 0 +21.1 21.1 -10.5

Approximate Analysis of Indeterminate Structures

Indeterminate structure can analytically be analyzed using the methods discussed above such as
unit force method, moment .distribution, etc. Logical assumiptions can be made to solve
indeterminate structure where too much precision is not essential, and time is an issue:
Approximate methods of analyzing indeterminate truss are discussed here. Approximate methods
of solving indeterminate frame structures are available such as portal méthod, cantilever method,
assuming point-of zero moment at 0.1 from end for vertical loading frame, etc. However, this. is
not listed in the NCEES FE Ref, Handbook, and therefore, the frame structure is.omitted.

Truss. For indeterminate truss two séenarios can happen:
Case I. If the diagonals are long and slender, it can be assumed that the diagonals can
catry only tension force; compressive members can be assumed zero force member,
‘Case II. If the diagonals are short and non-slendet, it can be assumed that the compression
and tension diagonals carry equal amount of force.

Practice the next two problems for better understanding,.

Problem 13.24

What is most nearly the member force at JC member of the following truss? Assume the
diagonals are too slender to carry compressive load.

13-24
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I c E G 7

25 - % N AN . 1

- |- i
W D sanv H e
—— d@i-wf ———

A, 12kN B. 8.48 kN C.-892 kN D.-14.26 kN

Solution: B

bt r=21+3=24 _
2 j=2 (10) =20 < 24, indeterminate by 4 degrees.

K C £
2N O NC AN | t

A)v “«* A : ] F . . A~
' D Ny H B

Ak——— s@w0-d0k

SMat B=0 |
12 kN (10 ft) - 18 kN (20 ft) + A, (40 ft) = 0

Apply X5 =0 in the following cut section,
6 kN —Panel shear =0
Panel shear = + 6 kN (downward)

12EN T

L
.

1 N ;’FA(?
1 X
s Al
. A /

A

Panel shear

G6kN
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As panel shear is downward, diagonal AC'is in compression and catinot take compression as the

problem says diagonals cannot take compression. That means /2 member will take the panel
shear and can be written-as:

Fip=848 kN

Problem 13.25

What is most nearly the member force at 7C memiber of the following truss? Assume the
diagonals carry equal tension and compression loads.

_J c E “ 7
12ZEN TN SN s g _ t
' 4 104
e T A H e
4@ 0-wh ————>
A. 12kN B.-12 kN C.-15kN D. -14.26 kN
Solution: C
b+r=21+3=24>2;=2(10) =20, indeterminate by 4. degree
L < E < J
RZEN TN AT T ZNVZEE)
g 105
PP SN e e 'J-\._l
\ D sn H B

4@I0=408 —

As.diagonals can carry compressive load, it may be assumed that tension and compression,

diagonals carry equal amount forces. Anyway, the reactions at the support A are needed to
proceed. Let us find-it.

1326
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12 kN (10 fr) — 18 KN (20 ft) + Ay (40 ft) =0 Av=12 kN
Ay = 6.0 kN
. _ '
Apply YF-=0in the following cut section, N
6 KN — (Panel shéar) =0 IZ2kN _
Panel shear =+ 6 kN (downward) A I 7 ﬂEmf Panel shear
v & Fin,
A | /7 .
As panel shear is downward, diagonal AGisin A >
cempression and [is in tension. 6 EN
Let the force in each diagorial is F.
EF =01 (+ve)
: . 1
= = e~ B+ 6= )
G
{Slope of diagonal is 1:1]
EM, =0
> F, (10 ft) + 12 kN (10 ft) + F(1V2) (10 ) = 0
= F.=-15kN
13:27
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if you pass the NCEES FE exam, you will receive the congratulation letter only. If pou fail (hopefirlly, you will nat),

you will receivea Diagnostic Report; a.sample report is given below:

FECivit Youh :;Pnl:slng I;::?::n;cs -
Knuededge-Atra Humber of Homs Yot H;:T monee ’“’"““:u':r';’:rz"rﬁ:::j’f”“ H
ASCHT D -18)

T | Mathematics 7 83

2 | Probability and Statistics kS 0.0

2 Compitationsl Toals 4 5.4

4 | Ethics and Protesslonal Practice ] 8.6

5 | Engineering Economics 4 65

B | Stalicy 7 6.9

7 | Dynamics 4 95
‘& | Mechanics of Materiais 7 0.4

g |Moterials 4 83

10 | Flele Mechanics E] a3

1 | Hydraulics and Hydrologic Systems 8 10

2 | -Sruciunat Analysis 6 104

13 | Stugturs! Besign § 1.2

14 | Gasfechnizal Enginéering # ¥R

15 | Transportation Eagineering 2 a0

16 | Emiir | Engineesing & 6.8

¥ | Conatructioh 4 14:8

18 | Surveying E] 108

e Ifyou cannot solve a problem anyhow, plcase make the best guess. There is no negative poisit for wrong answer.

e The author believes that the probability of the option °C’ be the correct answer is the highest. However, the author
does not have any evidenre for ir.

s Sometimes. the longest option may be answer; the reason behind this is that if this js-not the answer, then, the

question maker may not invest his {ime (o wiite 4 longer oprion.
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14

STRUCTURAL DESIGN

Fundamentals of Engineering (FE) CIVIL Exam Specification mentions, 6 - 9. questmns may appear
in the exam based on Seructural Design as follows:

‘A. Design of steel components (e.g., codes and design philosophies, beams, columns, beain-

columns, tension members, connections) :
B. Design of reinforéed concrete components (e.g., codes and design philosophies, beams,
slabs, columns, walls, footings) :

Live Load Reduction

The effect on a building member of nominal occupancy live loads may often be reduced based on
the loaded floor area supported by the member. A typical model used for computinig reduced live
load (as found in ASCE 7 and many building codeés) is:

Lﬂ.‘dm.u.i no_n-_ﬁ'_|w|'(.0-;:25f- + \/’ ._........,.._...) 2 0. 4L1mm'nill

HJ

ZLaominat = nominal live load giver in the ASCE 7 of a building code
A,= the cumulative floor tributary area supported by the member
I(:, ; A= area of influence suppo'r'tedf by the member |
K, = ratio of area of influence to'the tributary area supported by the member
=4 (typical columns)
=2:(typical bedms.and girders)

Load Combinations using Strength Design (LRFDor USD)

Nominal loads used in following combinations:

N N

14D

1.2D0+1.6L+0.5(L orSor R)
1.2D+1.6(L or Sor R) + (Lox 0.8W)
1.2D+ 1.6 W+ 0.5(L _or Sor R)

- - - - ]4‘}
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5. 12D+ E+L+02S
6. 09D+ 1.6W
7. 09D+ £

. D= dead loads

F = earthquake loads.
£ '=Tive loads {floor)
L= live' loads __('too‘f)
R = rain load

8= snow load

W= wind load

Problem 14.1

The nominal live load given in the ASCE 7 fora beam is 100 psf. The- tributary area of loading for
the beam is 300 ft2. The reduced live load (psf) for that beam is most nearly:

40
56
86
96

Do REe

Solution: C

Kii =2 for beams

(0.25 +— B ys04s

’ .Lf.. ¥

_ 15 . _ )
rednced = 1000025 4 ——=—===-} 210.4(100) =100(0.86) = 0.4(100)
diced 2(300) ( 0(0.86) (100)

Lrt:ducéd_ = Lo minal nomena)l

L

Lr( efitowd T =86 > 40

The reduced load is 86 psf.
Problem 14.2
A three-story building has columns spaced at 12 ft. in both orthogonal directions and is subjected
to the roofand floor loads shown below. The live load teduction factor on a typical interior column
at the 1+ floor is most niearly:-

A. 076 B. 0.69 C. 057 D.0.52

Solution: B

14-2
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A, =288 f*[2nd and 3rd stories |
o . 15
3 floor Factor = (0.25 +——=====)
Y K Lf A!
15 .
={0.25 + o}
20 floor ¢ J(4)(288)
=0.69
1 floor-
12 fi

Problem 14.3

A roof has the calculated snow load of 30 psf, the rain load of 25 psf, the roof live Elo’ad of 40 psf,
and a.dead load of 50 psf. The factored load (psf) on the roof is most nearly: '

A, 142 B. 222 C.124 - D202
Solution: C

12D + 1.6(L, or $ or R) + (Lor 0.8W) = (1:2) (50) +1.6(40) + 0 = 124 psf

Other load combinations do not win here.
Problem 14.4

A-beam has a dead load of 150 Ib/ft and a live load of 200 1b/ft. The factored load (Ib/ft) on the beam

i§ most nearly:
A. 300 B. 350 C. 450 D. 500
“Solution: D

w, =120 + 1.6L+0.5(L,or Sor B = 1.2(150 Ib/ft) +1.6(200 Tb/ft} + 0 = 500 1b/fe

Orther load combinations do not win here.
Design of Reiiiforced Concrete Components
Definitions

a=depth of equivalent rectangular stress block, in
Ai = gross-area of column, in?

- - - - 14“3
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As = area of reinforcement, in?

As = total area of longitudinal reinforcement; in®

Av=area of shear reinforcement within a distance s, in.

b= wideh of compression face to member, in.

B = ratio of depth rectangular stress block, a, to depth to neutral axis, ¢
=0.8520.85-0.05| Lo %000

s

> 0.65

¢ = distance from extreme compression fiber to neutral axis, in.

d = distance from extreme compression fiber to centroid of tension reinforcement
d. = distarice from extreme compression fiber to extreme tension steel, in.
£ = modulus of elasticity = 33;»1’3_:-5 \//T’

& = net tensile strain in extreme tension steel at nominal strength.

J {, = compressive stréngth of concrete; psi

1. = yield strength of steel reinforcement, psi

M; = nominal moment stréngth, in-Ib-
M, = design moment strength, in-lb

M, = factored moment, in-lb

£, = nominal axial load strength at given eccentricity, 1b

@F, = design axial load strength: at:given eccentricity, 1b:

P, = factored axial force, 1b

P, = ratio of total reinforcement area to.cross-sectional area of column = —%
1,

s = spacing of shear ties measured along longitudinal axis of member, in.

V, = nominal shear strength provided by concrete, Ib

V, = nominal shear strength, 1b

@V, = designi shear strength, 1b

V.= nominal shear strength provided by reinforcement, Ib

Vo =factored shear force, 1b
Beams-Flexure Design Provisions
Internal Forces and Strains

The stress-strain diagrams due to applied moment in a doubly reinforced beam section is shown
below. The section has both tensile and compressive reinforcements. Reinforced concrete section
1s assumed cracked in tension zone. So, the stress in concrete in tension zéne isassumed zero. The
compressive stress in concrete is assumed rectangular with uniform stress of (.85 #".Note that, the
stress distribution in concrete is not linear or uniform. The depth of the stress block is a, and the
depth of the neutral axisis ¢. However, the strain distribution is litiear as shown.

14-4
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s

- _...,_’ b
E..I
Section’ Steress Diagram Strarn Diggram

Strain Conditions:

The failure behavior (__tenﬁon failiire, or compression failure} can be determined using the strain
value in the tensile steel. This is described below:

0.003 4.003
f—
T aoo 7
A}s
Ay |
o4 g
"e Q8

g,z 0005 000528 »0.002  £F0.002

Tension- Trausition Copppriessing-
confrolied deetion centralbed
seoting; s@ctiviL

&5 B3R o3 064

Resistance Factors,

The capacity of material is reduced by applying the strength reduction factor to adopt a safety
against the material strength. The factors (¢) for different loading conditions are different. The
factors are listed below: _

Tension-controlled sections .(z,-] = O'._UOS') =09

Compression-controlled sections: ({3, <0.005 ) ¢ = 0.65 [Members with tied feinforcement]

Transition sections: (0.-002 <&, <-0-.005') P = (.48 + &3¢, [Members. withtied

reinforcement)

Shear and torsion: ¢=0.75

Bearing on concrete: (= 0.65

- - - - 14’5
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Design Principle

Design Moment Capacity > Factored Moment, g\, = M,

For All Beams
(0 0()3)(0’ -}

Net tensile strain: & = =—>>-"—-2 wheres, g = B¢
C

Design moment strength: ¢M, > M, [g-values are mentioned in the previous page]
Singly-Reinforced Beams

For a singly reinforced beam, equating the tensile force in tensile steel and the compressive force
in concrete, the depth of the rectangular:stress block can be determined as:
A7,

OSSI'b

Then, the design moment can be calculated as: ¢V, = ¢0. 857 ab[d ——J .1, [ J
Problem 14.5
Whit is the value of f for a concrete with f'=5 ksi?

A 075 B.0.80 C. 0.85 D. 0.90

Sohition: B

£ —4,000

¥

5,000psi — 4000} 050

0.85 2 0.85-0.05
£ =08 ( 1,000

J 0.65=0.85-0. 05(
Problem 14.6 |

‘The elastic modulus (ksi). of a concrete with f.'=4 ksi and a unit weight = 150 pef is most nearly:

3,200
3,400
3,600
3,800

COoFEE

Solution: D

E, =33w7 [77 =33(150)" /4,000 =3,834,253 psi = 3,834 ksi

i
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Problem 14.7

The value of the tensile strain (£, ) of a reinforced conctete section whose strain diagram is shown

below is most nearly:

£.~0.003
. _ A
. ; | 4inch
12 inch.
A, 09 B.0.09 C. 0.009
Solution: C
£ 0003 0.003) |
et = =22 a2 o,
12" 4n "C_'.-' [ .4"- ]( ) 0 mg
Problem 14.8

D. 0.0009

The moment:capacity, P M. of the following reinforced concrete beamn section is most nearly:

[¢=09, 1.'=4 ksi -and f, =60 ksi ]

18 -inch
349 bars. 3inch’
‘ 12 inch
A. 2,260 kip.in B. 2,360 kip.in C.. 2,460 kip.in

‘Solution: D

@seismicisolation
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As=3)(1.0)= 3 in?
4.1, 3 in” (60,000 psi)

e = 44lin,
0 85/'h  0.85(4, 000psi)(12 in)

oM, = @A f, (dm—)- (0.9)3 in )(601{5])[]81}1 -

4.41 in

J =32,559 kip.in

Beams-Shear Design Provisions
The shear design principle is: gV, 2V,

The design shear force capacity of the section must be equal or greater than the external shear force
of the section. In reinforced concreté, the shear is resisted by plain concrete and steel
reinforcement. The nominal shear strength of the section-can be determined as; V,=F.+V,.

The nominal shear strengths of the concrete and steel can be-determiiied as:
o S\
V=247, (bwd ) and F, = AL (may‘ not exceed Sbl‘ld'l\/t f;)
& 3 ' /

Required and the maximum-permyitted StITUp spacing, s:

¥
No shear reinforcement is required if, V| ¢
Use the following table if, V, > ~2—‘
Table 14.1 Summary of Shear Reinforcement Design
Required Srﬁa]ler of
spacing AL, AT Afd
R . )S - Sxm-..._._., V_‘:Hi_'/{_-
50b, " (0.75)(b WL o é
.gxu‘.n“um Smax sroaller of: E{ and 24 in IEV, <4b,dy, 3
permitted 2. d
spacing . smin saller of: ;and 24 in
If V. >4h d\ff)
$max sTaller of: ?and' 12in
Problem 14.9

The design shear strength (Ibs) of the plain concrete in the following reinforced concrete section

with f,'=4,000 psi is most nearly:

14-8
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15 inch

 3inch.

A. 22768 B. 17,076 C. 20,865  D.24122

Solution: B

oV, = g2 [T (b, d) = (0:75)21[4,000(12)(15) =17,076 Ibs

Problem 14.10

The following reinforced concrete beam section hasa factored shear force of 13 kips. Does it require
web reinforcement? . "= 3,000 psi?

24 inch

7 Blinch

14 inch
 Yes

No

Cannot be determined

onw R

_ Shear reinforcement is always required

Solution: B

; "'2~/ 'b.d e _ _ . _
QOZV _? ; L :0.7-5,/-3,.000(14)(2;4)-:1‘3,_803 1bs > 173 kips, No stirrup needed

14-9.
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Problem 14.11

For the following reinforced concrete beam-section,_-what-is most nearly the maximum amount of
shear force (Ibg) that the web reinforcement can resist? 1.'=4,000psi ¢ =0.75.

15:inch

3 jrich

o

12 inch
A. 48,300 B. 58,300 C. 68,300 D. 78,300
Sohation: C
Yoy = OB, [ £ = (0.75)®)(12)(15)/4, 000 = 68,305 Ibs

Problem 14.12

“The 'fo'liowiug reinforced concrete- beam ‘section uses S, of 60 ksi-and flof 4,000 psi. The
maximum factored shear force experienced by the beam is30,000 Ibs. Ifa #3.U stirrup is used, the
required spacing (inch) of the web reinforcement is most nearty:

24 inch
4.iach
kj:,w.m,...,._____ _________ ,
’ 14inch
A. 16 B.17 C. 18 D. 19

Solution: C

14-10
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o (pzx@l}”d = (0.75)(4/4,000)(14)(24) = 15,938 Ibs

o =2 ‘f: 2 %15,938 Ibs = 31,876 1bs,

Therefore, %VL <V, <V,

Required spacing:

Av=2(0.11 in?) = 0.22 in? as U-shaped #3 is used.

A 20 ot A,
" 50, 50(14) o 75T
2(0.11)(60,000) 9‘z-§-in.

(Controls) | ™ (975)(14)4/4,000

Problem 14:13

The following reinforced concrete beam section uses .f, of 60 ksiand f ;, of 4,000 psi, The maximum
factored shear force experienced by the beam is 30,000 Ibs; Ifa #3 U stirrup is used, the maximum

spacing (in) permitted is most nearly:

24 inch
. 4inch
14 inch
A 8 B. 12 C. 18 .24
Solution: B
T 2,{. bd L = g . LV,
<”;’3 =0 J; v (0.75)(4/4,000)(14)(24) = 15,938 1bs, ¢K._x2%—‘~:3‘1,_876 Ibs
As, ¢2_‘ <V,<dV., 5. :fé{m 2;.:_12 in or §,,, =24 in (smaller one controls)

. .. . 14-11
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Problem 14.14

The following reinforced concrete beam section uses 60 ksi steel and 4,000-psi concrete. The
factored shear force.experienced by the beam is 40,000 Ibs. Ifa#3 U stirrup is used, the caleulated
required spacing (in) of the web reinforcement is most nearly:

24 inch,

Y 4inch

A 12 B. 18 C. 24 D. 29

Solution: D

oV, =92\ f.'b,d = (0.75)(2)3f4,000(14)(24) = 31,876 Ibs
W=V, >V,
LT -
A . 40.000 31,876
¢ ¢ 075 075

S 2(0.11(60,000024) o .

Problem 14.15

‘The following reinforced concrete beam section uses f, of 60’ksi and £ of 4,000 psi. The factored

shear force experienced by the beam is 100,000 1bs. Ifa #3 U stirrup is used, the required spacing-
{in) of the web reinforcement is nost nearly:

24 in¢h

-4inch

14-12

@seismicisolation


https://t.me/seismicisolation

2
3.3
12
24

oo wp

Sohition: B

oV, =21, 'b,d = (0.75)(2)/4,000(14)(24) =31,876 Ibs
¥, =100,000 Tbs.

4.f1,d _ 2(0.11)(60,000)(24) _3. 49
g 90,832

k]

As, V, > @V, the required spacing, s =

Problem 14.16

The 'fb]lowirgg' reinforced concrete beam section uses: f, of 60 ksi and fj of"4_,000’ p‘si';. The factored

shear force experienced by the beam is 100,000 lbs. If.a #3 U stirrup is used, the maximum spacing
(in) permitted is most nearly:

h

24 inch

4inch

14 inch
6
12
24

onm >

‘Solution: B

oV, = p2J1. b, = (0.75)(2)/4,000(14)(24) =31,876 Ibs

v __L..__p; 100,000 31,876 60,832 Ibs
' 0.75 0.75
4bh, d,} 7. = 4(14)(24)4j4,000 = 85,000 Ibs < V.. (okay)
8, =12 inches from the Table
. d. 24
OI 8 = e 4" 6 inches (answer)

. o . 1413
@seismicisolation


https://t.me/seismicisolation

Problem 14.17

The following reinforced concrete beam section uses £, of 60 ksi and fof 4,000 psi. The

maximum factored shear force experienced by the beam 15 180,000 1bs. If a #3 U stirrup is used,
the required spacing {in) of the web reinforcement is most neatly:

b
24 inch
4 inc]_:[_
14'inch
A, 4 B.8 Co12 D. None of the above

Solution: I

oV, = 92,5, =(0.75)(2)y/4,000(14)(24) = 31,876 Ibs
Yoy 180,000 3LBTO _yg5 500 b
’ ' 0.75 0.75

86,/ = (8)(14)(24)y/2,000 = 170,000 Tbs < Vi

This section is not adequate.

Design of Short Columns
Limits for Main Reinforcements

Column is designed considering both concréte and steel resisting the load on it. The limits of steel
ratio are mentioned below:

Steel Ratio Hmit: 1% < py < 8%

A
where: Steel Ratio, Py = j

Design Column Strength, Tied Columns
The design: équation for tied column is shown below:

o, = §(0.8)0.85 1. 1A, ~ A4,)+ A1, ]
$=0.65

14-14
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Problem 14.18

A tied reinforced conerete column is to sipport 4 dead load of 180 kips and a live load.of 220 kips.
For 2% steel; what would be "the.required gross area? Assume, f.'=4ksl and £ = 60 ksi?

A. 475 in? B.57.5 in? C. 242 in? D.75.7 in?
Solution: C

P =12D+1.6L

1

P, =1 2(18.0_ K)+1.6(220 k) = 568 k

]

pP, =P, =p(0.8)[0.851.(4, ~A,)+ 4, [, 4, =p.A4,1

568 k = 0.65(0.8)[0.85(4 ksi}( 4, —0.:02.4, )} +0.024,(60 ksi)]
4, =242
Problem 14.19

An axial factored load of 340 kips is applied on a reinforced concrete tied column (18 inx 18 in)
with 8-inch eccentricity about one axis. What is the required steel amount for- this column?
[ f,'=4ksi, y=0.80, f, = 60ksi, ¢=0.65]
A, 12in? B. 1.8in? C. 4.5 in? D. 2.8 in?

Solution: C

A, =18x18 =324 in*®; e= 8 inch; &= 18 inch
Pe 340K(8 1)

R, =il = e — =018
T AR 0.65(4ksi) (324 in (18}
K = P, 340k
" A, 0. 65(4ksi)(324in )
From the (Jraph All, p=0014 - [Try your best interpolation]

A, = pbh=(0.014)(18n }I18 in) =4.5in>
Problen 14.20

‘The ACI recommended minimum center to center reinforced bar spacing in common reinforced
coneréte structural member is most nearly:

A 15in B. 3.0 iri C. lin D. 1.5 times the bar diameter

o . 115,
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Solution: C

The minimum center to center reinforced bar spacing is'1.inch or the bar diameter.
Problem 14.21

Strength reduction factor (¢} is used. while _d'es_igning reinforced concrete structural member
following the ultimate strength design method to —

account uncertainties in material strength
account uncertainties in member dimensions
account.uincertainties in construction-errors
All of the above

oo W

Solution: D

Strength reduction factor (¢) is used to account uncertainties in' material strength,
dlmens’.(}ns CDHSththH errors,. and S0 OI'I.

Problem 14.22

The minimum flexural reinforcement is recommended in reinforced concrete member in the
ultimate strength design method to ensure the ultimate resisting moment of steel —

is not less than concrete compressive strength
is.less than the concrete cracking moment

is not less than the concrete cracking moment-
All of the above '

¥

SRR P

Solution: C

The minimum flexural reinforcement is provided to ensure the ultimate resisting moment
of the steel is not less than the concrete cracking moment. Otherwise; the section may fail
immediately whena crack in concrete occurs.

Problem 14.23

The minimum stirrup diameter recommended for common reinforced concrete structural member
is most nearly;

3/4inch
3/8 inch.
5/8 inch
0.5 times.of the bar diameter

onw x>

14-16
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Solution: B

The minimum stirrup diameter is 3/8 inch (#3) for main reinforcement up t'o%#lO. For main
reinforcement above #10, at least 0.5 inch (#4) is recommended. '

Problem 14.24

The minimum.cléar cover recommended for common -interior reinforced concrete beam is most
nearly: '

A. 3inch

B.. 1.5 inch

C. 5/8inch

D. 0.5 times of the bar diameter

‘Solution: B

The mininminm clear cover for béam in normal environment is 1.5 in, inside water/soil is 3
in; and for slab it is 0.75 in.

Problem 14.25

The minimum steel ratio recommended for common reinforced concrete column is most nearly:
1% of the gross column area,

2% of the gross column area

3% of the gross column area
8%.of the gross colurhn area:

oowpe

Solution: A

The steel ratio in column should have the minimum of 1% dnd the maximum of 8% of the
gross column area.

Problem 14.26

The minimum tie ize recommended for common reinforced concrete column is most nearly:
A. #3 B.#5 C. #7 D. #6

Solution: A

For tied column, the ties should not be less than #3 for longitudinal bar #10 or smaller. The
‘minimum tie size is #4 for longitudinal bar greater than #10 and bundled bars.

14-17
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Problem 14.27:

The minimum number of reinforcing bar - fecommended for réctangular reinforced concrete
column is most nearly:

A 3 B. 4 C.5 D.6
Solution: B

The minimum number of bars in column is 4 for- rectarigular section, 3 for tridngular
section, 6 for spirally enclosed section in reinforced.concrete column.

Problem 14.28

The center-to-center spacing of tie in reinforced concrete column should not be more than--
16 times the diameter of the longitudinal bars

48 times of the tie diameter.

The least lateral dimension of the ¢olumn
All of the above

UOE e

Solution: D
The center-to-~center spacing of tie should not be more than 16 times the diameter of the
longitudinal bars, 48 times of the tie-diameter, or the least lateral dimension of the column.
Problems 14.29

Which of the following reinforced concrete members has lower strength reduction factor (¢)?

A. Tied column

‘B. Spiral column

C. Beam

D. All should have equal strength reduction factor

Solution: A.
The strength reduction factor (¢b) for tied column is 0.65, for- spirdl column is 0.7, and for

‘beam is 0.9. Factor, « is used to accotnt accidental eccentricity in column loading, which
is 0:8:for tied column and 0.85 for spiral column.

14-18
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Design of Steel Components

Beams

For doubly symmetric compact I-shaped members bent about their major axis, the design flexural
strength, ¢,M,, is determined with ¢, = 0.90 as follows:

Yielding Condition: M, =M ,=F Z,

where:
F = specified minimum yield stress
Z = plastic section modulus about the x-axis
Lateral-Torsional Buckling
The design moment ¢apacity of a beam depends on bracing where I#is the length between points
that are either braced against lateral displacement of the compression flange or braced against twist

.of thie cross section with respect to the length limits, Zpand L. The values of Z»and Lr for different
sections are listed in the NCEES FE Ref. Handbooek.

‘When Zs </ the limit state of lateral-torsional buckling does not apply.

When Iy sLs < L,
A A .l | . A\ . “L :" .
M, =C,| M, ~(M, —07FS, 1or )M M,
M, =C M, -BF{L, ~L,)|<M,

125 M .mux
+3M, +4M, +3M,.

Ch. =

2.5M

Minax = absolute value of maximum moment in the unbraced segment

My = absolute value of maximum moment at quarter point of the unbraced segment

My = absolute value of maximum nioment at centerline of the unbraced segment-

Mg = absolute value of maximum moment at three-quarter of the unbraced segmerit

M, —0.7F, S,
I"r ! i

Values of BF for different sections ¢an be found in the NCEES FE Ref. Handbook.

s can be assumed 1.0 if not given.

BE =

The NCEES FE Ref. Handbook doés riot include the design for Z, > L»

. .. . 1419
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Shear

The design shear strength, ¢,V is determined with. ¢, = 1.0 for webs of rolled I-shaped members:

"o

and is determined as follows: ¥, =0.6F, _('dt-“,.)
Problem 14.30

A steel wide flange section, W14 x 90 stands for -
A nominal depth of T4 in,

A self-weight of 90 1b./ft.

Both of the dbove
None of the above

gowmy

Solution: C

Wide 'ﬂange_sea-ion, W14 x 90 stands for nominal depth of 14 in and self-weight of 90 1b./ft.
Problem 14.31

An angle section, 14 x 3 x 1/4 implies

A member with a long leg length of 3 in.,

A short leg length of 4in.,

Self-weight of % Ib per feet
A thickness of % inch

gne e

Solution: D

Problem 14.32

A HSS .6 x 0,375 implies a round hollow structural steel with an-outside diameter of 6 in. and —
A uniform.wall thickness of 0,375 in.

A uniform wall thickness of 0.375 fi

Self-weight of 0.375 Ib per feet
Self-weight of 0.375 1b per inch

SESE-ES

Solution: A
Problem 14.33

The strength reduction factor for steel beam design considering moment is most nearly:

1420
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A 10 B.0.9 C.0.75 D. 0.65

Solution; B
From the NCEES Ref, Handbook, ¢=0.9,
Problem 14.34
The strength reduction factor for steel beam design considering shear is most nearly:
A 1D B.0.9 C. 0.75 D. 0.65
Solution: A |
Problem 14.35

The shear stiength capacity (kips) of W 18 x 55 steel section with yield stress of 50 ksi is most
ﬁéa‘rly:: '

A, 122 B. 221 C.212 - D, 197
Selution: C
From the NCEES Ref. Handbook; ¢v,, =212 kips:
Problem 14.36

‘A steel W 18 x 40 section with 50 ki yield stress has a laterally unsupported length of 5.0 ft, the
moment cépacity (kip.ft) of this beam is most nearly:

A. 294 B. 180 C. 810 D. 924
Solution: A

From FE Ref, Handbook, for a W 18 x40, L,=5.55ft, L-=15.9ft
As  Ls < Ipcapicity, paMp= 294 kip ft

Problem 14.37

The limit state‘of lateral torsional buckling not apply, if -
A Ls<lr
B. Le=<is

C. Lb) Lp

. .. . 14-21
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D. Le<Iy<l

Solution: B
The limit state of lateral torsional buckling does not apply for Iy <Ip
Problem 14.38

A steel W 21x50 section with 50 ksi yield stress has laterally unsupported length of 4 ft. The
nominal moment capacity (kip.ft) of the section is most nearly:

A. 413 B. 748 C. 459 . 549
Solution: C

For W 21 x 50 section, I, = 4.59ft, L. =13.6 ft.
As Lo< Lp Design/capacity, ¢sMe = 413 kip-ft
So, M= 413/¢hs =459 kip-ft

Problem 14,39

A steel W section has a depthof 12 in and web-thickness of 0.25 in. If A-36 steel is used; the nominal
shear strength (kips) of the material is. most nearly:

65
725
56
58

= O

Solution: A
Vo= 0.6F(dt) = (0.6)(36 ksi) (12 im) (0.25 in) = 64.8 kips
Problem 14.40

A steel W- section has a depth of 18 in and web thickness of 0.33"in. A steel with 42 ksi yleld-
strength i is used. The design shear strength (kips) of the material is most-nearly:-

A. 150 B: 160 C. 170 D.144.
Solution: A

From the NCEES Ref. Handbook, AISC T 1-1, d = 18 in, and # = 0.33 inch. AISC T 3-2
cannot be used as £ =42 ksi. S0, ¢ Va = u(0.6)F(dr) = (1.0)(0.6)(42)(18)(0.33) = 150 kips

14-22°
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Problem 14.41

A steel beam section used 50 ksi steel. The clierit: wants to use W.21 x-48 section. For. this condition,
the maximim unbraced length (ft) possible for:that beam if the design moment is less than 300
kip:ft is most nearly

A, 12 B.13 C. 14 D195
Solution: B

From the NCEES FE Ref. Handbook, AISC Table 3.10, W 21 x 48 sectlon can have a
maxirim unbraced length of 13.0 ft.

Problem 14.42
A steel bearn section used 50 ksi steel. The client wants to-use W 21 x 44 section. _F'of this condition,
what is tiost nearly the maximum unbraced length possible for that beam if the design moment is
just less than 315 kip.ft? F= 50 ksi. |

A, 8f B. 10 f C. 121t D. 14 ft.

Solution: A.

W21 x 44 section can have the maximum unbraced length of 8.0 ft (AISC Table 3.10}. The
maximiim len'g__th'S.O fris p_ossibl‘e: if the design moment is just less than 315 kip.ft.

Problem. 14:43

A simply supported beam has 3 concentrated loads (equally spaced), load at quarter points. If the
beam is fully laterally unsupported, the value-of Ciis most nearly:

A 1.67 B.1.32 C.1.30 D. 1.14

Solution: D _
See the Table listed in.the Steel Subsection.

‘Problem 1444
For aéteel W 21 x 55 section, the polar fadius of gyration (in) is most nearly:
A 84 B.8.6 C.1.73 D.2.48

Solution: B
For W 21 x 55, A = 16.2in?, I = 1140 in*, 7= 48.4 in*

. Lo . 14-23
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I +1

2P H0EBA g oin ~8.6in
A 16,2

For a steel section, W 14 x 74, the available area (ini?) to resist shear is most nearly:

Polar radius of gyration, ) =

Problem 14.45

A 601 B.6.4 C. 2.8 .28
Solution: B,

From the NCEES. FE Ref. Handboo_k_, for W 14 x74, d=14.2'in and £+=0.45 in
Shear area = dtw = (14.2:in) (0:45 in) = 6.39 in2

Columns

The design compressive strength, ¢ P, is determined with ¢ = 0.9 for flexural buckling of

members without slender ¢lements and is determined as follows:
éj’ﬂ ¢PI’J L

whiere the critical stress, Fer is determined as follows:

: I
a) When, — <4.7] .I.;;,ﬁ;,x 0.658" |F,
¥ N :

b) When, 25471 7‘2 LE =087TF
F Ve

KIL/ris the effective slenderness ratio: KL is-determined from AISC Table C-A-7.1 or AISC figures
C-A-7.1 and C~A-7.2:of the NCEES Ref. Handbook

. . 7K
The elastic buckling stress, ﬁ{,_ = - ad B

Problem 14.46

According to the LRFD design approach, what is the axial load capacity of W 14 x 48 section with
Tespect to minimum radius of gyration if K7 = 15 ft? &= 50 ksi.

A. 232 kips B. 298 kips C. 332 kips D. 356 kips
Selution: C

7424
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From the AISC Table 4-1 of the NCEES Ref. Handbook, ¢P» =332 kips.

Problem 14.47

Per the LRFD design approach, what is the axial load capacity of W 10 x 60 section with respect to
minimum radius.of gyration if KL= 15ft?7 & =50 ksi:

‘A. 332Xkips B. 498 kips C. 555 kips - D. 656 kips
Solution: C

From the AISC Table 4-1 of the NCEES Ref. Handbook, ¢ = 555 kips.

Problem 14.48.

Ts. W14 x 53 section with K7 = 34 with respect to least radius of gyration a slender section? F=50
ksi. :

A. Yes B. No. C. Cannot be:determined
Solution: A
From the AISC Table 4-1 of the NCEES Ref, Handbook, yes. X7 = 34 is below the heavy line.
KL
Heavy line indicates — >200.
r
Problem 14.49
A steel section has the following properties:
-Area =20 in*
-Both ends pinned
~Unsupported length = 20 ft-
-Least radius-of gyration =1.52 inch
What is the compréssion load capacity (kips} of that column?

A 78 B. 521 C. 600 D. 163

Solution: D.

. .. . 14-25
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M_K_'_I_, _120x12) in
¥ 1.52in

-=158

From the AISC Table 4-22 the NCEES Ref. Handbook, ¢7r=9.05 ksi
Therefore, ¢uFo= (he Ag For= (0.9) (20 in?) (19.05 ksi) = 162.9 kips ~ 163 kips

Problem 1450
What is the recommended effective length factor of the following base column in the following

structure? The foundation is fixed and the upper joirits pinned, and'side—sway is not prohibited in
this structire:

bl
L
}

el A

A 10 B.0.5 C.2.1 D.08
Solution: C
From Table.C-A-7.1 of the NCEES Ref. Handbook, 2.1 is most appropriate.
Problem 14.51

"The recommended effective length factor of the following base column in the following braced-
frame structure js most nearly:

blas il

¥

TRy LA

A. 1.0 B.05 C. 21 .08

Solution: D

14:36
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From Table C:A-7.1 (in Civil Engineering section of the NCEES Ref. Handbook), 0.8 (fixed-
pinned): the lowest end is fixed, and the upper ends are pinned with side-sway i_'nhibite_di

Problem 14.52

The recommended effective length factor for the following base colurnn is most nearly:

g.wlr#&%-{r&

B
L 2 2R 20 B
B T +—§
Moment frame
i s
A 10 B.05 c21 D12

Solution: D
From Table C-A-7.1 (in Civil Engineering section of the NGEES Ref. Handbook), 1.2
(moment frame, tfanslation free}. The lowest end is fixed, and the upper ends are pinned
with side-sway is not inhibited. '

Problem 14.53

The flexural critical buckling stress of a steel W16 x 67 section. is 10 ksi. What is the design
compressive strength of that column? F = 50 ksi.

-A. 98Kkips B. 122 kips C. 156 kips 'D. 177 kips
Solution: D

From the NCEES Ref. Handbeok, Civil Engineering section, 4;=19.7 in?:
D Po-oFr Ay =(0.9) (10Kksi) (19.7) =177.3 kips.

Problem 14.54
What is the critical buckling stress of a W 10 x 39 steel section with 10t l:en_gth? Assume, K=1.0.

A. 66 kips B. 78 kips C. 88 kips D. 96 kips

. .. . 1427
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Solution: B.

From the' NCEES Ref, Handbook, for W10x 39, r

i

| g (29,000 ksi) ._
Buckling stress, 7, = b e T 20000 kS gy

KLY ((LOX10(12) in )
y 1.98 in

=1.98 in.

nin

Problem 14.55

A both ends pinned column section has'a length of 10 ft. and the minimum radius of gyration of
L5 in. If A36 steel is used; the critical stress (#) of that column is most nearly;

A. 4475 ksi B. 25.7 ksi C. 36 ksi D. None of the above
‘Solution: B

It is not possible to use the NCEES Ref. Handbook as Fy is not 50 ksi, Therefore; hand caléulation

required.
AL Q00002 inch g, am = =4
r 1.5 inch V-

4

o R R0y
v Al

. r o :

F, =[0.6587 17, =[0.658%" 36 ksi =25.7 ksi

Problem 14.56

A both ends pinned column section has a length -of 10 ft. -and the minimum 1adius.of gyration of
1.5 in. If 50 ksi steel is used the critical stress (F) of that colummn is most nearly:

A 282 ksi
B. 313 ksi
C. 33.1ksi
D. 22.8ksi

Solution: B

It is possible to use the NCEES Ref. Handbook as £ is 50 ksi.

14.28
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KL _ (1.0(10)(12) inch

—80. Frofn the NCEES Ref. Handbook, Table 4-22, ¢ Fer = 282 ksi.

¥ 1.5 inch
2R.2 . .
Therefore, F,, =———=31.3 ksi.
Problem 1457

A both ends fixed column has a length of 10 ft-and uses:a W12 x 79 section. If 50 ksi steel is used,
the available design critical flexural buckling stress, ¢ Fe- is most neatly:

42 8 ksi
52.8 ksi
388 ksi
56.7 ksi

ooww

‘Solution: A

. . . o . KL (0:65)(10X12) in

It is possible to;use the NCEES Ref. Tandbook as £ is 50 ksi, —= E——
' ' B o 3.05m

{ Lmiin =5= 3.05 in. _fr'o'r‘n ‘the NCEES Ref; Handbook, Table 1-1). Fiom the NCEES: Ref.

Handbook, Table 4-22, ¢ For = 42.8 ksi.

26

Problem 14.58
For 4 sideway uninhibited (moment frame), the value of Xif Gi = 4.0, and Gs=4.0 is most nearly:
A 138 B.20 C. 25 D: 3.0
Solution: B
From Table C-A-~7.1 of the NCEES Ref: Handbook, XK'= 2.05
Prcblem 14.59
For a sideway inhabited (braced frame), the value of the K'if Gs=2:0, and Gz=0.5is most nearly:
A, 0.26 B.0.:65 C.0.75 D.0.85
Solution: C-

From Table (-A-7.1 of the NCEES Ref. Handbook, XK= 0.76

. .. . 14-29
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Problem 14.60

A column is expected have a factored load of 100 kips. If the strength reduction factor is 0.9, the
minimum nominal capacity (_-_kips'.) of the column is most nearly:

A. 81 B.91 ¢ 101 D. 111

Solution: D

¢pu =D Then, P, = “}i = @ =111 kips
g 09

Tension Members
Definitions
Bolt-diameter: ds

[
Nominal hole diameter: d, =d, + Tgm'Ch

Gross width of member: by Member thickness: ¢
Connection eccentricity: x-
Gross area: 4, = b ! (usetabulated areas for anglés_)_

. AN
Net area (parallel holes). 4 = [bR - Z (dh +vi"g mch Hi

. . 1. i
Net area (staggered holes): 4, = [bg - Z[dh + 6 inch ]-f— Z ; J!'
. . 1
NCEES-used dsinstead of dsin the above 2 equations which is wrongas o, =d, + E

s = longitudinal spacing of consecutive holes
£ = trangverse spacing between lines of holes

{ Flat bars :U =1.0

Effective area (bo’lté& members): 4, :UAH Angles :U =1— %

Effective area (welded members):

| Flat bars or angles with transverse:welds : U =1.0

Flat bars of width w,longitudinal welds of length L: U :-I.(}(_L > 2w-)'
P U=0.87(2w>L215w)

A=A U=0.75 (1.5w >L>w)

Angles with a’ongﬁ_udfnal welds only, U=1i —.%

1430
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Limit States and Available Strengths

Yielding: ¢, =0.90 and §,T, =¢,F, 4,
Fracture: {éﬁf =0.75and ¢,7, 4;35, A,
Block shear: ¢.=0.75

U= 1.0 (flat bars and angles);. Agv= gross area for shear
Anre= net area for tension

Agv= net area for shear;

4P, =simaller o {;é[(o BOYE, YA + U YFNA,)]

Problem 14.61
The net area (in?) of the following steel section is most nearly:

4 @ 1Y inc
7

™

_ / (4) % inch bolis
5 | . _

m oy o O)
3 in s
in W

\. Y4.inch thick plate

1.73
1.64
1.94
1.70

onwp

Solution: A

Linear Failure Option

#(0.60)(F,)(4,) + U, )(F,)A4,)]

. : A=A, —Sdy
S p | Abr-Gepk-1on:
L 1
P < NCEES used (dr +1/16) which is wrong as d, =d, + E
o | © _
P Non-Linear Failure Option
§2
A=A, —Edt +E -----
i’

A = (71%.?%)_2(8 + I6X4

@seismicisolation

3y (0.25)=1.728 in*
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Problem 14.62

The net-area (in?) of the followirig steel section is most nearly:

05-in thick 25in. ~ I-in dr_a_r_ne_:t_er _bo_lt

A. 146 B. 0.94 C. 1.22 D.0.76
Solution: A

Failure through kinear line: A, = 4, ~ A
A, =(0.5)(4")=2.0im’

fotes

Ajotes = n[“’ )+ i"l”é} = 2[ 14 %)(‘0.5'*) =1.0625 in® [NCEES used (di+1/16) which is.

|
wrongas d, =d, + Tgl

A, =2"-1.0625 ;3.0,93_75 in *{controls)

Failure through a non-linear line:

” [ o= 2d, +Z4g_)i’ 2 [Z[HJG (0.5))._+[4(L5) (0.5) =146

Problem 14.63

What is the design tensile strength of the 3/8 x 4 inch plate shown below, assuming the steel has
yield and ultimate has of 36 ksiand 58 ksi respectively? Neglect block shear criteria. ¥, =36 ksi, &
= 58 ksi.

»

g . /Welding

f; e S 1

Z

“ R

B S LaN

. —

G e > 3/8.x 4 inch
3inch

14-32
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A.. 48.6 kips
B. 65.3 kips
C. 39.62 kips
D. 72.12 kips
Solution: A

w=4imn 4 3 P Yielding Condition:

(=3 @) g,

O (0936 ksi)(1.5 n?)

'8_ L. U= 1'0_ =48.6kips (controls)

_F:? =36 ksi A, =UA, Fracture Condition:

F, =38 ksi A, =1.0(15n%*)=15mn" ¢P, = gF, A, |
=(0.75)(58 ksi)(1.5n")
= 65.25 kips

Problem 14.64

What is the block shear capacity of the following plate for the shaded region? The.fbol"t diameter is
7/8 inch with.center to cénter spacing of 2.5 in. The tension plate size is 5x0.375 inch, 7 =36 ksi,

Fi=58 ksi.
S$haded portion tears away under
/ tension load

> P

56 kips
66.kips
81 k]ps
96 kips

oSOwE e

Solution: C

A, =4, -4

13 “ Loty

. .. . 14-33
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A, =4, -4

Fedlew

F, =58 ksi
]«”‘ e 36 kSi._, ¢ e 0 ?5 {f = 1.0

(2)(2 S)(O. 375) =] 875 in®

:-,’1'

4, =1875-0.703 =.1718 in>

A =25 Z.+—_'f] (0.375)+ 2 1.25 - 0._-5(z +i) (0.375) = 1.1718 in>
YT s 1) 816,

#P, = (0.75)[(0.60(S8)(1.1718 ) + (1)(58)(1. 1718 )] < (0.75)[(0.60)(36 )(1 875 ) +(1)(58)(1.1718)]
=81.56 <§I.35
So. block shear capacity is 81.35 kips

Problem 14.65
Which of the following failutes is/are not considered for steel beam design?

Torsional Buckling
Lateral Buckling

Web yielding
Longitudinal Buckling
I don’t know it

mOORp

Selution: D

Problem 14.66:

Which of the following is/are examples of tension member(s)?
Hanger

Sag rod

Cable
All of the above

Cnowpe

Solution: D

NCEES offers computer-based practice exams. These practice exams coniain que.suom thar bave heer used bn past examisand-
questions writtén fust for study materigls vogive yourextri practice. For more information, visiv herp; vincees.onp/engineering for

) ) 1434
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15 HYDRAULICS AND HYDROLOGIC
SYSTEMS

Fundamentals of Engineering (FE) CIVIL Exam Specification mentions, 8-12 questions may
appear in the exam based on Hydraulics and Hydrologic Systems as follows:

A. Basic hydrology (infiltration, rainfall, runoff, detention, flood flows, watersheds)

B. Basic hydraulics (Manning equation, Bernoulli theorem, open-channel flow, pipe flow)
C. Pumping systems (water-and wastewater) '

D. Water distribution systems.

E. Reservoirs (e.g., dams, routing, spillways)

F. Groundwater (e.g,, flow, wells, drawdown)

G: Storm sewer collection systems

Runoff Caleulation

Many different approaches are available to calculaté the runoff from a catchment. Two methods
‘are mostly popular: NRCS (SCS) miethod and Rational method.

NRCS (5CS) Rainfall-Runoff

The following equation is used to calculate the rurioff of a basin:

0 P-025) S=2200 10
P+0.88 CN _
P= precipitation (inches); 8= maximum basin retention (inches)
@ =runoff (inches); CN= curve number

Rational Formula
The following equation js used to calculate the runoff of a basin: Q= CIA
A = watershed area (acres); C = runoff coefficient

7= rainfall intensity (in/hr); Q= peak discharge (cfs)
Note: Be careful about the units. Q'= CTAis an empiri’cal equaticin and units are not consistent.

. .. . "15-1
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Problem 15.1

A 150 acres watershed has 11 distinct land types whose combined curve number is 80. The 30~
year storm has a gross rainfall of 2 inches. Using the NRCS method, the net. runoff from this
watershed is miost nearly:

A. 2,000 m¥s B. 2,000 in C. 0.564n D.1.3in
Solution: C
1,000 1,000 .
The maximuin basin retention (inches), § = "_(3 10 = ,O(? ~10=25

Given, P= precipitation = 2 inches

(P~02S8)  (2-0202.5))
The net runoff, O = ( . ) = ( ( )) =().56 inches
P+08S  2+0.8(2.5)

Problem 15.2

A 150 acres watershed has 3 distiner land types with runoff coefficients as shown below. The 30-
year rainfall intensity is 2 in/hr. Using the Rational method, the net runoff from this watershed is
most nearly:

Type Area {Acres) Runoff Coefficients
Area-1 40 0.3
Area-2 80 0.1
Ared-3 30 0.05
A, 43 m¥s B. 43 cfs C.43in D. 430 cfs

Selution: B

CiA +CoA, +C A, 0.3(40) +0.1(80) + 0.05(30)
A+d 4 40+80+30 B

Q = CIA = 0.143 (2 in/hr)(150 acres) = 43 cfs

Combined Coefficient, ("=

0.143

Darcy’s Law

Darcy’s l'ay'd'eséribes: the flow of a fluid th‘rtzmgh a'porous medium. It can be expressed as follows:

dh .
Q= KA— = Kdi
C 7
' . g Kdi
qz.K-@--z Ki; p=d_Kdh
. dx n ndx
Q= discharge rate (ft*/sec or m*/s); K = hydraulic conductivity (ft/sec or m/s)
£+ hydraulic head (ft or m); A = cross-sectional area of flow (ft%.or m?)

. . 15-2
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g = specific discharge (also called Darcy velocity or superficial velocity)
v = average seepage velocity; n = effective porosity

Unit fydrograph: The direct runoff that would result from one unit of runoff occurring
uniformly in space and time overa specified period. '
Transmissivity, T+ The product of hydraulic conductivity and thickness, b, of the aquifier
(AT “1). I'=Kb. :

Storativity or storage coefficient of an aguifer, S: The volume of water taken into or  released from
storage per unit surface area per unit change in ‘potentiometric (plezometrlc) head

Problem 15.3

‘Water is flowing through a soil whose length is 2 ft, and cross-sectional area of 0.1 fi2. If the
elevation difference between the inlét and outlet is 0.2 m, the hydraulic gradient is most nearly:

A. 0.1 B.0.33 C.10 . D.33

Solution: B
h=02m =02 (3.28) ft = 0656 f; = 00308 6520033
L 24t
Problem 15.4

Water flows through a soil with effective porosity of 0.4 and. cross-sectional area of 0.15 m?. The
Thydraulic gradient is 0.12 and the coefficient of permeability is 5x10 m/s. The average seepage
velocity (m/s) is most nearly:

A. 1.5 x104 B. 9 x 10+ C.5x10% D. None of the above
Solution: A
V= 2:5@ :'—1-<-f =(5x10™" m/s)(0.12)/0.4=1.5 X107 m/s
n ndx n '
Problem 15.5

Water flows through a soil with effective porosity of 0.4 in a confined aquifer of 50 in thickness..
‘The hydraulic gradient is 0.12 and the coefficient of permeability is 5x10 m/s. The transmissivity
of the soil (m%¥s) is most nearly:

A, 2.5x107 B.5:2x102 C. 2.5x10¢ D. 2.5x103
Solution: A

S . 153
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Transmissivity, 7= Kb=5x10 m/s (50 m) =2.5x102 m¥s.

‘Well Drawdown

Well drawdown i§-used to determine the permeability of aquifer soil. Two types of conditions
may be available: unconfined aquifer and confined aquifer. They are discussed here:.

Dupuit’s Formula for Unconfined Aqisifer

In unconfined aquifer, the flow rate and permeability are related as K = —p-d £y
' aln, ~h?)
Q-= flow rate of water drawn from well (c¢fs)
K = coefficient of permesbility of soil = hydraulic conductivity {ft/sec)
A1 =teight of water surface above bottom of aquifer at perimerer of well (ft)
Bz = height of water surface above bottom of aquifer at r, from well centerline (ft)

17 = radius to water surface at perimeter-of well, i.¢., radius of well (fr)

rz = radius'of water surface whose height is he above bottom of aquifer (ft)
Q1D = spécific cipacity, where Dy = well drawdown (ft)

Theim Equation for Confined Aquifer

In confined aquifet, the flow rate and pérmeability are related as follows:

0 _ 27Tk, —h ) 2Kb(h, —h)

T=Kb= transmis's_ivit-y: {ft*/sec):.

b= thickness of confined aquifer (ft)

417, and /7= heights of piezometric surface above bottom of aquifer (ft) at s and r» radii
from pumping well (ft), respectively

Please read Hydrology/Water Resources in Civil Engineering section of the NCEES FE Ref.

Handbook for more information.
Problem 15.6

A pumping test was conducted in a well penetrating a 25 ft thick confined aquifer to determine
the permeability of the aquifer soil. The equilibrium was reached wheii the discharge was 5
.gal/sec. The water levels at 40 ft and 150 ft distance from the well are 151t and 23 fi respectively.
The hydraulic conductivity (ft/s) of the aquifer soil is most nearly: -

15-4
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A, 3.64x10° B..0.039 C. 0.000039 D. 0.6007-

Qm[f] gﬂi_[o 1341 ]m[iso]
I‘] P . sech g 40

Solution:

=0.0007 fi/s

T Dbk -k 2x(25) (23015 ft)
Problem 15.7

A pumping test was conducted in a well penetrating an unconfined aquifer:to determme the-
permeability of the-aquifer soil. The equilibrium was reached when the discharge was 50 gal/sec.
The ‘water levels at 40 ft and 150 ft distance from the well'are 15 ft and 23 ft respectively. The
hydraulic conductivity (fi/s) of the aquifer soil is most neatly: '

0.0925
0.039:
0.39
0.0093

vow e

Solition: D

oml 2] 50 omaf |n [150)
o # . sec gal 40 5

bt —h*) r{23” ~15°)

Problem 15.8

A pumping test-was conducted in a well penetrating-a 35 ft thick confined aqi.'iifér to determine
the permeability of the aquifer scil. The equilibrium was reached when the discharge was 2,000
gal/min. The water levels at 30 ft.and 100 ft distance from the well are 7 fi and 18 ft respectively.
The hydraulic conductivity {ft/s) of the aquifer soil is most nearly:

0.00525
0.0022
0.39
0.052

=NaN_ S

Solution: B

- |
K AN min{ " gal 60 sec 7 - 0.0022 fi/s

2rb(hy, ~h) 27 (35f)(1 Rfi—7 ft)

. .. . 15-5
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Problem 15.9

A pumping test was conducted in a well penettating an unconfined aquifer to-determine the
permeability of the aquifér soil. The equilibrium was reached when the discharge was 2,000
gal/min. The water levels at 30 fr and 100 ft distance from the well are 7 ft and 18 ft respectively.
The hydraulic conductivity {ft/sec) of the aquifer soil is most nearly:

A. 0:00025 B.0.029 C.0.39 D. 0.0062
Solution: D
an(”) 2,000 &4 [0 134 & ]( : m‘“)m(l@gg)
K=/ min _._gﬁ‘,' 6 se0 )\ 30 = 0.0062 fi/s
-Jr(hzf *;/?1") 7?(1::8‘“' — ?”)
Open-Channel Flow

Energy -conservation is- an. important .coricept when analyzing open channel flow. Energy is
conserved for-a fluid in an open channel flow if head loss due to- friction is neglected. The. energy
calculated at one location in the flow is equal to the energy calculated at any other location in the
same flow. The specific energy can be determined as follows:

> .9
.)_1_
Specific Energy, F = a.f}':m + p= a‘g =+ Y
2g 2gA”
a=kinetic energy-correction factor, u_sual}y 1.0
E'= specific energy; 2= discharge
v= velocity; y=depth of flow

A = cross-sectional area of flow

Critical Depth is defined as the depth in 2 channel which has the minimum specific energy. For
that depth, the followin 1g equation can be deduced:

QO _4
g. . ZY
£= acceleration dueto gravit’:_y-; T'= width of the water surface

For rectangular channels, the critical depth can be calculate using the following equation:

J’}.G ) [&-J
\g)

Ve = critical depth; g =unit discharge = (/8
B = channel width; & = acceleration due to gravity

15-6-
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Froude Number js used in open channel flow to determine the flow condition (critical or not). It
is defined as the ratio of inettial forces to gravity forces as follows: :

Fr = V m\/EJ{
oy Vel

¥,= hydraulic depth = A/T
Supercritical flow: #>1
Subcritical flow: Fi< 1
Critical flow: Fr=1 _
Specific Energy Diagram is used to analyze a channel. The depth of flow vs. E= a:%-+ y s
- <8
plotted to-study the channel. The following definitions can be made from the diagram.

Alternate depths: Depths with the same specific energy in open ¢hannel Tlow.
Uniform flow: A flow condition where depth and velocity do not change along a channel.

Problem 15.10¢

A wide rectangular clean-earth channel has a flow rate of 50 ft*/s. The critical dépth (ft) .of the
flow is most nearly:

A. 453 B.3.87 C.2.38 D.-4.20

Solution: D-

v.=|4| = D | a2k
o\gy 322

Note: the value of gmay not be given. It is listed in the UNITS section of the Ref. Handbook.

Problem 15.11

A wide rectangular channel has a width of 4 m, flow depth of 1.5 m and a flow of 20 m%s. The
specific energy (m) of the flow is most nearly:

A 12 B.2.1 C.36 D. 43
Solution: B
3
i
20— » e D
N - T Y Fey+ )l elsmr OB o im
A~ (Am)(1.5m) | arr 2(9.81)
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Problem 15,12

A wide rectangular channel has a width of 4 i, flow depth-of 1.5 m and a flow of 20 m¥s. The
flow is most nearly:

A. Critical B. Supercritical C. Subcritical D. None of the above
Solution: C
j.
o 20 :ff.l: ._
=S 5 333w
A Gm)i.5m)
Froude Number, Fr = — = WS - 0.87<1.0,Suberitical Flow

Jev  Jo.81mis?)(1.5m)
Problem 15.13

The Bernoulli equationi is an expression of the conservation of -

A. mass- B. momentum C. velocity D. energy
Solution; D
Hydraulic Jump
When a liquid of high velocity discharges into a zone of lower velocity; a rather abrupt rise
oceurs in the liquid surface. This abrupt rise in fluid is.called the hydraulic jump. It'is frequently

observed in open channel flow such as rivers and spiliways. The downstream flow depth can be
calcuilated as follows:

yo= 2l fis)

¥, =flow depth at upstream supercritical flow location
¥»=flow depth 4t downstream subcritical ﬂow location

Fr, = Froude number at upstream supercritical flow location
Problem 15.14

A water is flowing in a wide channel at 20 m%s and the upstream supercritical flow depth is 1.5
m. If the flow undergoes a hydraulic jump, the downstream flow depth (m) is most neatly:

A. 7.53 B.3.87 C. 2.38 D. 6.67

Solution: D

15-8;
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Upstream velocity, F; =%~_ 1..5._;51-1 e 1"?',_33-'_1;_?w
¥V, 1333 mfs =348

Upstream Froude Number, ¥, = \/-f = \/ e
o : J9.81(1.5)

) 12“‘( 1++J1+8(3:48) ) =6.67m

Problem 15:15

A water is flowing in a wide channel at 20 m%s and the upstrearn supercritical flow depth is 1.5
m. If the flow undergoes a hydrauli¢ jump, the downstream Froude Number is most nearly:

A. 1235 B. 0.675 . 0.375 D. 0.125
Solution: C
m”
g O om Vl 13.33 mfs
V_I’_x_: S.-1333 — . =
y, 1.5m $ ,/ \/9 81(1.5)
v, =%i-(—_1.+1/1+8ﬁ}-12) L 52 m( 1441+ 8(3.48) ) 6.67m
Downstream velocity, ¥, = 4 _ B 230
Ty, 6:67m §
14 3.0 m/s
Downstream Froude Number, £ = =
Jav, T Josi6en
Manning’s Equation

This topic is also discussed in the Fluid Mechanics section. In open-channel flow (gravity driven),
Manning’s equation is used to determine the velocity or flow rate through a channel whose
longitudinal slope, and hydraulic radius are known. The equation is shown below:

K "'.-'3

0= A R, s
Q= discharge (ft*/sec or m3/s); K= 1.0 for ST'units; 1.486 for USCS units
A = cross-sectional area of flow (ft? orm?);  Ry=hydraulic radius = A/
P=wetted perimeter.(ft or m); S=slope of hydraulic surface

1= Manning’s roughness coefficient

- - - - 15&9
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‘Weir Formulas

Weirs is used to measure flow rates in open channels and rivers. It consists of an obstruction such
as a-dam placed across the open channel with a specially shaped opening or notch. Rectangular
weirs and triangular or V-notch weirs are often used in water supply, wastewater and sewage
systems. They consist of a sharp-edged plate with a rectangular, triangular or V-notch profile for
the water flow.

Recrangular Weir
The flow rate over a weir is-a function of the head on the weir and can be calculated as:
Free discharge suppressed, (3= CLH 2

Free discharge contracted, () = C(L ~0.2H )H e

V-Notch

For'V=notch, the flow rate can be determined as follows: () CLI?

Q= discharge (cfs or m>/s); L = weir length (ft or m)

C'= 3.33 for rectangular weir (USCS'units); €= 1.84 for rectangular weir (SI units)
C'= 2.54 for 90° V-notch-weir (USCS units); €= 1.40 for 90° V-notch weir (ST units)
H = head {depth of discharge over weir} ft or m

Hazen-Williams Equation,

Hazen-Williams Equation is used to determine the velocity or flow rate through a channel whose
longitudinal slope, and hydraulic radius are known. This topic is also discussed in the Fluiid
Mechanics Section. The equation is shown below:

. 063 o054
vk CR, S0

where: C= roughness coefficient; kr= 0.849 for SI units; &= 1,318 for USCS units; Re = hydraulic
radius (ft or m); S=slope of energy grade line; v:= velocity (ft/sec-or m/s)

Problem 15.16

A weir'in a horizontal channel is 1 m high and 6 m wide. The water depth upstream is 0.8 m. The
dischatge (m?/s) of the weir for fre¢ discharge suppressed condition is most nearly:

A. 43 B.22.3 C.7.9 1. 13.65

‘Solution: C

O =CLHY? =1.84(6 m)(0.8m)" =7.9 m's
C=1.84.for rectangulai section in SI unit [see Hydraulics subsection in Civil Engineering]

15-10
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Problem 15.17

A weir in a horizontal channel is 1 ft high and 6 ft wide. The water depth upstream is 0.8 ft. The
discharge (ft¥/s) of the weir for free discharge contracted condition is most neatly:

A, 43 B.22.3 C.79 D. 1391
Solution: D
Q= C{L—0.2H)H*"* =3.33(6-0.2(0.8) XQ_.S-ﬁ}% =13.91 /s
Problem 15.18
The water hiead in'a 90° ¥-Notch is'1.22 m. The discharge (m%s) of the V-Notch is most.neaﬂy:
A. 43 B.2.3 C.7.9 ; D. 13:65

Solution: B
O=CHY =14(1.22m)"% =23 m*/s

"Problem 15.19

A trapezoidal brick sewer channel with 1:1 side slopes shown below carries a flow of 100 m%s
under gravity. The slope of the channel is most nearly:

N\ _ /
W

A, 0.034% B. 0.34% C. 3:4%: D. 0.0034%

Solution: B

_ WettedArea A4 (8+2)(2fi) 20
 Wetted Perimeter P 842427 +2% 13.66
Area of flow, A=(8+2) m (2 m) = 20 m?
Hazen-Williams coéfficient, € = 100 for brick sewer (Civil Engineering -
Hydrology/Water of thé NCEES FE Ref. Haridbook). Manning’s équation cannot be used:
as the Manning’s coefficient is not given. |

=1.46m

Ky

ot

o, 1007
Ve=fz— 3 —5mhs

A 20 m”

. .. ) 15-11
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V= 0.849CRy P
& Smvs =0.849(100)(1 46)" 5"
= 5= 0.00339 = 0.34%

Problem 15,20

Th‘e'-flow rate (cf5) in a 24-inch diameter storm sewer with the Iongitndinal slope of 0.003 and n
of 0.01 flowing full.under the gravity is most nearly:

A 12 B.22 C. 16 D. 42.
Solution: C

For flowing full, Ry= DjA=24/4=61in =05 fi
From the NCEES FE Ref, Handbook, Fluids Mechanies or Civil Engineering —

Hydrology/Water _
. 7 i3 2" - " ¢ i ;
_Q:1‘4'_86-A__R”2’-‘S"‘1x "'4'-36- 72 ) (€0.5)°)(0.003* ) =16t /s
7 ' 0.01 4 | |

Circular Pipe Head Loss Equation (Head Loss Expressed in Feet)

As discussed in the Fluid Mechanics section, presstire ‘or witer head loss occurs in conduit due to
friction, conduit bend, connection, and so-on. Several head loss equations are discussed in Fluid
mechanics. Few more are discussed here. Hazen-Williams equation to determine the head loss is
expressed as:

B = 4--?'31» (.R52
7 AT =
Ar="head loss (ft); L = pipe length (ft)
D= pipe diamerer (ft); Q= flow (cfs)

C =Hazen-Williams coefficient’

Hazen-Williams équation to determine the. pressure loss i's_e'x]Jr_essed as:

V.S, Customary Units S1 Units
4.52 L : 6.05 | RS
P = IR IET o r= TR o
P=pressure loss (psi per foot of pipe) P pressure loss (bars per meter of pipe)
Q= flow (gpm) Q= flow (liters/minute)
D= pipe diameter (inches) D = pipe diameter (mm)

15-12
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‘Rated Capacity at 20 psi from Fire Hydrant

: S 054
. . . 1 f:e :
The rated capacity at 20 psi from a fire hydrant is calculated as: Oy = O, MH :

Qs = rated capacity (gpm) at 20 psi

Qr=total test flow

Hi = static pressure - 20 = Py—20 psi

Hyp= static pressuré - residual pressure = Ps~Pr

Fire Hydrant Discharging to Atmosphere
1
The discharge from a fire hydrant can be-derermined as: @ = 20 8D°C, P>

Q = discharge (gpm)

D= outlet diameter (in.)

P pressure detected by pilot gage (psi)

G = hydrant coefficient based on hydrant outlet geometry

Fire Sprinkler Discharge
The diSChar_g'E_: .thrOUgh.-a fite sprinkler can be Co’mp]ited as: Q = 1{3’3}/"

Q= flow (gpm}; P =pressure (psi) _
K = measure of the ease of getting water out, EPM. PET 4/ PSI

The Sprinkler factots (X) for standard (0.5 in), large (17/32 in) and extra-large (5/8 in) otifices are
5.6, 8.0, and 11.2 respectively.

Problem 15.21

A circular new cast iron pipe has a digmeter of 12-inch, and length-of 52 ft. If the flow of the pipe
is 20 cfs, most nearly, the head loss in linear foot is most nearly: '

A. 323 B.5.39 C.7.68 D. 9.65
Solution: C
Hazen-Williams coefficient, € = 130 for new cast iron pipe (Civil Engineering -

Hydrology/Water of the NCEES FE Ref. Handbook)

o 473L e ATIG2M) s
Q: 20 CfS _,_:D“-:. ]. ft_, hf = W ul 85 = 130]‘352 (I ﬁ)“—’” (20 CIS)

=7.68 ft

; .. . 15-13
@seismicisolation


https://t.me/seismicisolation

.Problem 15.22

A circu]a_; new cast iron pipe has a diameter of 12 inch, and length of 52-ft. If the flow of the pipe
15 200 gal/min, most nearly, the pressute loss per foot is most nearly:

A. 556x10% B..1.56x10+ C. 9.6x10 D. 1.3x102
Solution: A

Hazen-Williains coefficient, ‘¢ = 130 for new cast iron pipe (Civil Engineering -
Hydrology/Water of the NCEES FE Ref. Handbook)
Q=200 gal/min {gpm); D=12in,

452 s 4.52
TEp Y TS 2 g

Note: Be carefuil about the units, It is an empirical equation and units are niot consistent,

-

(200 gpm)' ™ =5.56x10"* psiperft

Problem 15.23

A standard Fire Sprinkler discharges water at 15 psi. The discharge volume in gallon per minute
(gpm) is most nearly:

12.3
31.2
43.4
217

oo >

Solution; D |
Q=KP" =5.6(15psi)" =21.7 gpm
K'=5.6 gpm per \/p—S; is.obtained from the Hyd'rologyfw ater Resources subsection in Civil
Engineering of the NCEES FE Ref. Handbook.

Problem 15.24.

Which of the following statements is false?:

- Values of Hazen-Williams Coefficient for plastic pipe.is 150
Fire hydrant coefficient depends on the hydrant outlet geometry

. Uniform flow is a flow condition where depth and velocity do not change along a channel
None of the above

oUoE

Solution: D

All three statements are true..
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16 TRANs-SPORTATION"ENGINEERING

Fundamentals of Engineering. (FE) CIVIL Exam Specification mentions; 8-12 questibnsi may appear
in the exam based on Trangportation Engineering as follows:

A. Geometric design of streets and highways'
B. Geometric design of intersections

C. Pavement system:design.(e.g., thickness, subgrade, drainage, rehablhtatmn)
D. Traffic safety

E. Traffic capacity and traffic flow theory
G. Traffic control devices
H. Transportation planning (e.g., travel forecast modeling)

Vetiicle Signal Change Interval

The yellow and red signals in a signalized interséction can be determined using the:following
equations:

Yellow signal period, y. = § 4 ————
BRApe = a4 4G
Red signal peried, 5 = Wl
¥
y = length of yellow interval {o nearest 0.1 sec (sec)
r=length of red clearance interval to hearest 0.1.sec (sec)
a = deceleration rate (ft/ SE'CZ:)
+G= percent grade-divided by 100 (uphill grade “+)
W= width ef intersection, curb-to-curb {ft)
/= length of vehicle (ft)
v = speed of vehicle ini feet per second. (fps)

V =speed of vehicle in miles per hour (mph}; this speed is used in the next section.

-Sight Distance

‘Stopping: Sight Distance (SSD) is one of several types of sight distance used in road design. Itis a
near worst-case distance a vehicle driver needs to be able to see in.order have room to stop before
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colliding with something in the roadway, such as a pedestrian in a crosswalk; a stopped vehicle, or
road debris. Insufficient. sight. distance can adversely affect the safety or operations of a roadway or
Intersection. SSD is calculated using the following equation:

-+

SSD =1.47Vr + ___L,_m
e
322
t= driver reaction time (séc)
V= vehicle approach speed (mph)

Intersection Sight Distance (ISD) is an important measurement in traffic engineering and comes
heavily into play when analyzing access options and modifications for existing and proposed
developments. The American Association of State Highway and. Transportation Officials
(AASHTO) says, specified areas along intersection approach legs and across their inclided corners
should be clear of obstructions that might block a driver’s view.of potentlally conflicting vehicles.
It is calculated using the following equation:

ISD=147/

Pajor g
Peak Hour Factor (PHF)

The peak hour factor (PHE) is the hourly volume during the maximum-volume hour ‘of the day
divided by the pedk 15-minute flow rate within the peak hour; a measure of traffic demand
fluctuations - within the peak hour.

PHF = Hourly Volume Hourly Volume

HourlyFlow Rate 4 x Peak 15-miinute Volume
Now, practice the following problems for better inderstanding.
Problem 16.1
In a-3% uphill grade the maximum velocity may be expected is 55 mph. What should be most

nearly the yellow interval length if an average deceleration rate of 5 ft/sec? is -aviilable? The driver
reaction time is 1 sec.

A. 4.7 sec ‘B, 11 sec C. 7.8 sec D. More information is needed to calculate
Solution: C
{5250 )
. 55 mij 5,280
55 = ~80.7 &
hr 3.6 0_0._ 8¢ :_ §

hr
G'=0.03 (+ for uphill)
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80.7

Yellow interval, y =&+

.
2a+644G 2(5)+64.4(0.03)

Note: the conversion factor (mph to fps) may not be given in‘the problem. Also, if the grade,
up or down, not given, check both. If both assumptions give an answer that isin the list,
take the higher one to be conservative.

Problem 16.2
The curb—to-curb length of an intersection is 50 ft with an upward slope of 2%. Ifa 22 filong truck

approaches at 45 mph at intersection, the amount of red clearance interval (seconds) recurred for
the truck is‘most nearly:

A, 0.6
B. 0.8
C. 1.1
D. 0.9
Solution: C
45 ml(ﬁ,g'g(} ﬁ] o
45 El__ : - ‘n'_n. ~66.
hr 3,600 - © s
o o hr
= Wl :-(50 +22) fi =1.09 sec=1.1 sec. ris expresaed to nearest 0.1 sec.
v ft
66 -
sec

Note: the conversion factor (mph to fps) may not be given in the problem_.f
Problem 16.3
‘The design speed of a highway is 103 mph-with an uphill grade of 1%. The driver reaction time is

2.5 sec for that highway. If a car sees-an object ahead and decelerates at-30. fi/s?, the stopping sight.
distance in feet for that car is most nearly:

A 700 B.750 C. 850 D. 950
Solution: B
yr (1 Yo & Y 103°
SSD = 1.4TVE o =147(103)2.55)+ =754 1t

30| - |+ G 30( 30 +001]
\322)"7 32.2
Noté: Be prepared to do'some rounding while selecting the best answer (754 ft-vs 750 ft).
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Sight Distance Related to Gurve Length

The sight distance is an important concern for vertical and horizontal curves for nighttime
conditions. The NCEES FE Ref, IHandbook (Civil Engineering - Transportation), listed the
equations nieeded to determine the sight distance for both crest and sag curves for different
idealizations.

For horizontal curves, the following equations conld be used:

Table 16.1 Some parameters for horizontal curves

3

Side friction factor (based on super-elevation): 0.0le+ f = -1%
Spiral Transition Length: L= 3 : SV
> RC

Horizontal sight line offset (HSO)to see around’ HSO = R[l (28 658 H

obstrirction):

For vertical curves, the following. equations could be used:

‘Table 16,2 Some parameters for vertical curves

Sl S>L
2 e o
Crest Vertical Curve L= AT L g 200 \/};,_ +m
General Equation: 100(y2%, ++/2, ) b= 28—
Standard Criteria: 4S? " 2 1 58
hy=3.50 ft and hy =2.0 fi - L=25-="—
Sag Vertical Curve 2 ¥ A&
- AS” e (4004358
(standard headlight L=—r L=2§~ {m___
criteria) 400 +3.58
Sag Vertical Curve: LAY ?
(based on riding conifort)  46.5
Sag Vertical Curve [ - 48* _ 800 b+ b
(based on adéquate sight soo[ ¢t L=25- (C = )
distance under an overhead R 2
_ -_structurfe to seean object C'= vertical clearance for overhead structure (overpass)
beyond a'sag vertical curve) located within 200 feet of the midpoint of the curve
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&= superelevation (%);. F= side friction factor

L= length of curve (ft): Ls= spiral transition length (ft)
R = radius of curve (ft); SSD = stopping sight distance (ft)
£ = driver reaction time (sec); V=design speed (mph)

A = absoluté value of algebraic difference in grades (%).
hr= helght of driver’s eyes above the roadway surface (ft)
Az~ height of object above the roadway surface (ft)

Now, practice the following problems for better understanding,

Problem 16.4

A highway is to be designed with the required stopping sight distance of 700 ft. The equal-tangent
crest vertical curve must be ‘designed to connect grades of 1.5% and 2. 5%. The minimum length
(f) of the curve required? Assume, § =< I and standard CIltE"Il_E_l: of A and
hzis most nearly: ' :

A, 908 B.712 C. 855 D. 1,010

Solution: A

qo? . Y T
Lo ASE LS (29100) _ go0
2158: 2158

Problem 16.5

A highway is to be designed with the required stopping sight distance of 700 ft. The equal- tangent
‘crest vertical curve must be designed to'connect g_rades of 1.5% and -1.5% with $> L. The minimum
length in feet of the curve _required._ assuming standard criteria of /A and
hris.most nearly:

680
560
700
922

T nwp

“Solution: A

L=25-218 200y~ —218 631
A [1.5~(~L5)]

Problemn 16.6
A highway is to be-designed with the minimum stopping sight distance of 700 ft. The sag vertical

curveis to be designed bared on the'standard headlight ctiteria connecting -1.5% and 1.5% curves.
165
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Assuming the length of curve is less: than the sight distance, the required curve length in feet is
most nearly:-

A. 350 B. 355 C. 475 D. 450

Solution: D
400+ 3.5(700)
|~1.5—-1.5]

400 +3.58

L=28~ — = 2(700)— = 450 ft

Problem 16,7

A highway is to be designed speed of 88 mi/hr and the super elevation of 6%. If the coefficient of
side friction is 0.2, the radius of curvature (ft) of the horizontal carve required is most nearly:

A. 1,000 B. 1.500 C. 2,000 D. 2,500
Solution: C
0.0le+ f =~
AT
2z .
0.01(6)+0.2 = %; Therefore, R = 1,986 ft ~ 2,000 ft
Problem 16.8

The radius of a curvature is 2,000 ft in a hérizontal curve, and the design speed of 103 mi/hr. The
spiral transition length in feet required is most nearly:

A. 1,720 B. 1,920 C. 2,120 D: 1,320
Sohition; A

C =1 ft/sec’,as not given
3.15V7°  3.15(103)"

e = oL D]
RC (2,000)(1)

L.'.' =

Problem 16.9

A horizontal curve is designed with the stopping sight distance of 730 ft.and the radius of curvature
-of 2,000 ft. The horizorital sight line offset (HSO) in feet is most nearly:

A. 232 B.30.2 C.36.2 D.33.2

Solution: D
166
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HSO = R|1-co -(28 653] = 2000{ 1 —cos 28:65(730) =332 f
R . 2,000 |

Basic Freeway Segment Highway Capacity

A freeway is.a divided highway with full access control and two or more lanes i in each direction.

Base conditions (i.e.: good visibility, no heavy vehicles, at least 12-ft lanes, drivers are regular usets,
etc.) must be satisfied for a basic freeway segment to operate at its maximum capacity. However,
the base conditions are always not possible in. real freeways. Thus, the Level of Service (LOS) is
very often measured to describe the operatlng conditions. LOS is a q_uahtatwe measure that
describes the operating conditions within a given freeway segment using density- (pcfml) as the
quantitative variable and an alphabetic grading systein, ranging from A to F. Conveys how the
density: values are perceived by drivers and passengers when traveling in the trafﬁc: stream at
various demand flow rates, passenger cars per hour per lane {pc/h/ln). '

Table 16.3 Variation of density with level of service

LOS Short Description Density {pc/mi/ln)
A Free flow conditions prevail <11
B Reasonably free flow conditions still exist >11-18
C Speeds are at or near the free flow speed > 18~ 26
D Speeds begin to decline slightly with increasing flows. > 26~ 35
E Operations are-volatile because there are virtually no gaps >35-45
F Breakdown conditions exist, uniform moving impossible >45

To determine the LOS, the density. of the freeway is to be calculated. first from the following
eguation:
v

S

where
D= density(pe/mi/ln)
v,= demand flow rate {pc/h/ ln) undér base conditions

8= mean speed of traffic stream under base conditions (mi/h)

Therefore, our:targét is to determine V-P._and. S first, to calculate the density (D). Once D-is known
L.OS.can be found out from the above table. Let us see how to determine v, and 5. Sis basically the
Free-Flow Speed (FFS) - the maximum average speed of passenger cars during low to moderate flow
whien one car does not affect another car. If flow rate, passenger cars per hour per lane (pc/h/ln),
increases the FFS decreases as the speed of one car is affected by another car. The flow rate; at
which the FFS decreases is called Breakpoint. The value of Bteakpoinit flow rate is listed in the table
below. For example, the Breakpoint flow rate is 1200 Pc/hfl_n for FFS of 70 mi/h. For demand
‘Vaolumes beyornid the breakpeint, flow rate declines until it reaches the capacity of the segment. The
reduced FFS is then known as §and can be calculated using the equations listed in the table below.
16-7
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Table 16.4 Recommended breakpoint flow rates and speed beyond breakpoint flow rates

Free-Flow Speed | Breakpoint Flow Max, Flow Reduced Speed (mph) beyond
(FFS) (mph) Rate (pc/b/ln) | Rate (p/b/in) Breakpoint Flow Rate
75 1,000 2,400 75-0.00001107(v, ~1,000)
70 1,200. 7,400 70-0:00001160(v, ~1,200)
65 1,400 2,350 65-0.00001418(v, —1,400)’
60 1,600 2,300 600.00001816(x, —1,600)"
55 1,800 2,250 55-0.00002469(v, ~1,800)

* This table is available in‘the NCEES Ref. Handbook in different organizations.

‘The FFS of a freeway can be estimated using the following equations:

where

FFS=free flow speed of basic freeway segment (mi/hy

FFS =754 f = f —3.22TRD"

fin = adjustment for lane-width, Table 16,5 is shown below to find it out.
fic =adjustment for right-side lateral clearance, Table 16.6 is shown below to find it out.
TRD =total ramp dénsity (ramps/mi), number of entry-and exits in a mile

Table 16.5 Reduction in FFS. due to due to lane width

Average Lane Width, ft Reduction in FFS, fiw (mi/hr).
=12 0.0
=11-12 1.9
= 10-11 6.6

Table 16.6 Reduction in FFS due to due to right-side lateral clearance

o Reduction in FFS, fic(mi/hr)
Right-Side Lateral ‘Lanes in One Direction
Clearance, ft 7 | 3 4 | 25
26 0.0. 0.0 0.0 0.0
5 0.6 0.4 0.2 0.1
4 1.2 0.8 0.4 0.2
3 1.8 1.2 0.6 0.3
2 2.4 1.6 0.8 0.4
1 3.0 2.0 1.0 0.5
0 3.6 2.4 1.2 0.6
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Onice FFS is calculated, v,is caleulated using the following equation:

V

P, o -
" PHF N f,, |

4
where
Vn-z:demand flow rate under equivalent base conditions (pc/h/ In)
V= demand volume under prévailing conditions {veh/h)
PHF= peak-hour factor
N= number of lanes in analysis-direction
Tip= adjustment factor for presence of heavy vehicles in traffic stream

£ = adjustment factor for unfamiliar driver populations, for regular users it 1s 1.0,

1
1+ B (B, =1)+ B (E, 1)

-fmf =

where
£,-= heavy-vehicle adjustment factor
P,= propottion of tnicks and buses in traffic stream
P, = proportion of RV in traffic stream
F,= passenger-car equivilent (PCE) of oné truck or bus in traffic streaim
E,=PCE of one RV in traffic stream

Table 16.6 Passenger-Car Equivalent (PCE) by Terrain

Vehicle Passenger-Car Equivalent (PCE) by Terrain
Level Rolling Mountainous:
Trucks.and buses; £, 15 2.5 4.5
RVs, E, 1.2 20 4.0

If v, is less than the bre_a"kpoint flow rdte, then § = FES.
If v, is more than the breakpoint flow rate, then §= reduced speed beyond breakpoint

Alse, check v, with the maximum possible.

Problem 16.10

A freeway is to-be designed to provide LOS C for the following conditions:’
Trucks = _6%; _
No lateral obstructions; rolling terrain;

Total ramp density of 0.5 ramps/km.
Two-way riumber of lanes = 6.

@seismicisolation
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The fin (heavy vehicle adjustment factor) is most nearly:

A.
B.
C.
D.

Solution: B

082

.92

0.99

None of the above

From Table, £r(PCE for trucks, rolling), £%= 2.5

Determine Zi (PCE for RVs, rolling), £x=2.0
Ppr= proportion of trucksand buses in traffic stream = 0.06
FPg = proportion of RVs in traffic stream = 0

_ 1 ]
S =

1+ P (B, - 1)+ P (E,~1) 1+0.06(2.5-1)+0(2.0-1)

Problem 16.11

A freeway is to be 'desi_gned to provide LOS C for-the'fdllowing:. conditions:

Design hourly volume of 11,200 veh/h;
PHF == 0.92;

Trucks = 6%;

No.of lanes in one-way = 3

No lateral.obstructions; rolling terrain;
Total ramp density of (1.5 ramps /km.

Assume mainly commuter traffic for driver population factor. The demand flow rate (pc/hr/ln)
under equivalent base conditions is most nearly:

3,410
3,810
4,110
4,410

SRS

Solution: D

From Table, £ (PCE for trucks, relling), £r=2.5
Determine ER (PCE for RVs, rolling), £x = 2.0
Pr= proportion of tiucks and buses in traffic stream = 0.06
Pk = proportion of RVs intraffic stream = 0
1 1 .
Jor 148, (E,~1)+ P, (E,—1) 1+0.06(2:5-1)+0(2.0-1) 092
¥= 11,200 veh/hr-
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% (driver population factor); assume mainly commuter traffic, £=1.0

4 11,200 410

»

P TPHFN f f,  092(3)(0.92)(1.0) hr.ln

Problem 16.12

A freeway is to be designed for the following conditions:
'He'avy- vehicle adjustment factor = 0.80.
Total ramps density = 0.75 ramps/mi
‘Two lanes each way with average lane width = 12 f
Right-Side Lateral Clearance =4 ft
No of lanes in-one-way = 2
The free flow speed (mph) of basic freeway segment is most nearly:

65.6
68.6
71.7
744

oW

Solution: C

Reduction in FFS for lane width =12 ft, fiw=0
Adjustment for righ_t-side lateral clearance, fic= 1.2

FES =T754—f, —f.. —3.22TRD™ =754-0~1.2 ._-3.2_2'(0.75)“"“" =717

Problem 16.13
For a freeway the following information have been obtained..

Free-flow speed = 68.2 mph
Demand flow rate undér-equivalent base conditions = 1,450 pc/b/In

The LOS of the freeway is most nearly:
A. LOSA B.LOS B C.LOSC
Solution: C

FFSi=68.2 mph
v, = 1,450 pe/h/ln

hr

D.LOSD

From Table 16.4, the breakpoint for FFS 68.2 mph is about 1,200« 1,450 pc/h/In

§ =70-0:00001160(v, ~1,200) =70-0.00001160(1,450~1,200)" = 69.3->
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D=t EQ = 20.9 pc/mi/ln

S 693
From Table 16.3, the LOS is C for density 18 — 36 pc/mi/ln.

Traffic Flow Relationships:

NCEES FE Ref. Handbook, presented the traffic flow relationship. Réview it before practicing the
‘problems.

Speed-Density: Re]atxonsbjp The vehicle speed (mph) and traffic density {(veh/mile) per lane is
inversely proportional with each other, The vehicle speed is the maximium when the density is the
minimum.and vice-versa. It is sensible that the more vehicles are-on a road, the slower the velocity.

Speed-Flow Relationship. Speed-flow diagram is parabolic in nature. For any highway segment,
there is an optimum speed-flow condition, If the speed is above the optimum one, speed decreases
with the increase in flow (the upper part of the curve). If the speed is below the optimum one,
speed decreases with the decrease in flow {the lower part of the curve},

Flow-Density Relationship. Thetraffic flow (veh/hr) per lane increases with the increase in density
{veh/mi) in parabolic nature until the optimum condition (capacity) is reached. Beyond that, the
flow decreases with the increase in density.

‘The above-mentioned reiatlonshlps can be graphlcally presented as fo]lows

-~

. 3

4,
'.':'-

BPEED jrpty

§
8
F
[
;
5’
f
|

KEITY st FLOW svpbitnt;

FLOGY [wplahind

}
1
1
1
i
i
i
H

DEMITY jetiimin
The following relationships can be developed from the above relationships,

§=8, “?)L D [This is'also called Greenshields Model]
2

V=58D
S,
V=S, Dl 7
D

£
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D= Derisity {(veh/mile)
§+= Speed (mile/hr)
V="Flow (veh/hr)
V= Maximum flow

Do= Optimuin density (sometimeés called critical density)

Dj= Jam density

So= Optimum speed {sometimes called critical speed)

Sr= Theoretical speed selected by the first driver entering a facility (i.e., under zero demnsity
and free flow conditions)

Problem 16.14

Data obtained from aerial photography showed six vehicles on a 700 ft-long section ‘of road. Traffic
data collected at the same time indicated an average time headway of 3.7 sec. The density (vely/mile)
on the highway is-most nearly:

A. 0.86 B.28.3 C.36.2 D. 45.3
Solution: D
D= V;-‘ffl"* - 61 YR 3 Y0
11e ? 00 ft m1 C [7d]
5 280 ft
Problem 16.15

Data obtained from aerial photography showed six véh.i'cles.c'm.a?_OO ft-long section of road. Traffic.
data collected at the same time iridicdted an average time headway of 3.7 sec. The flow en theroad
in veh/hr is most neatly:

5,837
973
2,863
137

o 0w

Slution: B

poyehide 1 .gp¥eh

Hour I hr' hr
3.7sec| =
3 600 SCC
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"Problem 16.16

Data obtained from aerial photography showed six vehicles on a 700 ft-long section of road. Traffic
data collected at the same time indicated an average time headway of 3.7 sec. The space mean speed
-in miles per hour is most nearly:

A. 374 'B. 343 C.28.5 D. 215
Solution: D
D=
file 00 f _mile € mi
5 280 ft
v V;:}u'cle_ﬁ | I =973 \_/gh
Hour _ 1 hr hr
3,600 sce
y o 973 veh
S —W-JMH 15
D 453 VC hr
ni
Problem 16.17

Data from a 1.8 m by 1.8 m inductive loop detector collected during a 30-second time period
indicate that the mean speed of traffic is 80 km/h among the 16 vehicles counted. Assuine an:
average vehicle length of 5.8 m. The density (veh/km) on the highway is most nearly:

A 12 B.18 C.24 D. 30
Solution: C _
.16 veh
i 30 &80(3 6100 hr } hr h
s gokm km
hr
Problem 16.18

In a freeway traffic stream, the capacity flow was observed to be 2,200 veh/h/lane, and the jam
density at this location had been observed to be 125 veh/In/km. The free figw spéed is most nearly:

A. 70.4 km/hr B: 67.5 km/hr C.62.1 km/hr D. 60.23 km/hr

16-14
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Solution: A

o= S
200 ¥ )
v 4(2,200_ ] i
Sy =t m e e 0.4
D, (25" hr
km
Problem 16.19

In a freeway traffic stream, the 'capaci‘;y'ﬂow-was observed to be 2,200 veh/h/lane, and the jam
density at this location had been observed to be 125 veh/In/km. The optimum/critical density in-
veh/km is most nearly: :

62.5
57.5
55

250.

Tow e

Solution: A
veh
B e 3 e .
D - .
D, s XL _ 60 5 veh
2 2 kkm

Problem 16.20

Ina freewa_y traffic stream, the capacity flow was observed to be 2,200 veh/h/lane, and the jam
density at this location had been observed to be 125 veh/lane/km. The -optimum/critical speed in
km/hr is most hearly:

A. 302 B. 32.1 C.35.2 D, 385

Solution: C

Vo= D‘J’SJ'
m 4
i VEN
4(2_,200 Yol J
5, =2k - i 70,450
D, s Yt hr
km
. km
70.4 _
§, =L m e hr 355k
£ 2 hr
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Problem 16:21

The relationship between traffic density (D, veh/mile) and mean vehicle speed (5 mile/hr) can be
represented as follows:

V'=50-0.33D
The traffic flow relationship is given by, ¥ =S80, the maximum capacity of overall volumie (V)

for this roadway in veh/mile is most nearly:

A. 2,000 B. 1,600 C. 1,700 D.1,900
Solution; D
¥V =8$D=500-0.33D%; -‘—‘K =50—0.66D
_ D
ar o
dD
50-0.66D=0

Therefore, D= 75.8 veh/mile

V. =50D~033D" =50(75.8)-033(758)' = 1,894.::.1,90{}4‘%?-E
F

[Be prepared to do some rounding]

Gravity Model

The gravity model assumes that the trips produced at an origin and attracted to-a destination are
directly proportional to the total trip productions at the origin and the total attractions at the
destination. The calibrating term or frictien factor, F represents the reluctance or impedarice of
persons to make trips of various duration or distances. The general friction factor indicates that as
travel times increase, travelers are increasingly less likely to make trips of such lengths. Calibration
of the gravity model involves-adjusting the friction factor. The sociceconomic adjustment factor is
an adjustment factor for individual trip interchaiiges. An important consideration in developing
the gravity model is balancing productions and attractions. Balancing means that the total
producti_on's_ and attractions for a study area are equal. Standard form of 'gra\fily' model —

_p AT,

! Z (A: £, K,y )

75 = number of trips that:are produced in zone 7and attracted to zone /-

P; = total number of trips produced in zone ¥

Aj= number of trips attracted to zone j

Fi=a friction factor that is an inverse function of travel time between zones 7and j
K = socioeconomic adjustment factor for interchange Jf '.

where
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Before the gravity model can be used for prediction of future travel demand, it must be calibrated.
Calibration is accomplished by adjusting the several factors within the gravity model until the
‘model can duplicate a known base year’s trip distribution. For example, if you knew the trip
distribution for the current year, you would adjust the gravity model so that it resulted in the same:
trip distribution as was. measured for the current year.

Problem 16.22

An origin-destination survey was conducted in threezones in Long Island, New Yorik. The results

are presented below:

Zone 1 2 3 Total
Productions 350° 400 250 1,600
Attractions 400 300 300 1,000
The survey’s results for the zones” travel time in minutes are mentioned below:
Zone 1 2 3
1 2 6 1
2 6 5. 3
3 2 3 4
The following table shows travel time versus friction factot.
Time (min) 1 2 3 4 5 6
rietion £ 37 36 34 33 29
Facror

Assume Kj= 1, the values of Ty, Trzand Tis (re'spe'ctively) are most nearly:

oo e

143.5, 74.8, 68:0
143.5, 84.3, 80.6
143.5,48.7, 80.6
143.5, 84.3, 1222

Solution: D

The mathematical formulation for the gravity model is shown below:

AFK,

Ly =B e
(A EK,)

(400 x 37)

T, =350

@seismicisolation

(400 % 37+300.x 29 + 300 x 42)

= 143.5
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(300 x 29)

T, =350 = 84.3

(400 x 37+ 300 x 29.+ 300 x 42)

. 300 x 42
7. =350 (300x42) =122.2
(400 x 37 + 300 x 29 + 300 x 42)

Logit Models

The Logit model says, the probability that a certain mode choice will be taken is proportional
to exponentiated utility over the sum of the exponentiated utthty The Logit Model also says that
if a new mode of transportation is added to a system (or-taken away) then the original modes will
lose an amount of travels proportional to their share originally.

U = z aX,
r=l
where
- Us=atility of mode x
n =number of atrributes
i =—atribute value (_tjme, cost,.and o forth)
a;= coefficient value for attributes 7 (negative, since the values are disutilities)

The concept of utility assumes that you have a methiod of combining the various features (called
attributes) of all the alternatives including their price, to give one measure of utility which is
consistent across all the alternatives within the set of choices (or'r:'-hoice-set) open to you. If two.
modes, auto (A) and transit (7), are being considered, the probability of selecting the auto mode 4.
can be written as: )

‘Problem 16.23

The utility ‘of private auto and mass transit is -3.11 and -3.77 resper:tlvely The most nearly
proportions of person-trips of the modes are respectively:

A. 66%, 34%
B. 56%, 44%
C. 62%, 38%
D. 529%, 48%

-Solution: A
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. o e : '
P(a'ui()') = T m. 75 = 0.66=66%
- gl g +e
& e M7 ) _
P(Irans:t)“ . e = 0.34= 34%

Tu g gl N g g
Problein 16.24
The utility functions-of auto and transit of a highway can be presented as follows:

T e =—0.46 ~0.357, —0.17, ~0.01C

U,  =~0.06—0.05T ~0.15T, —0.05C

Tranxii

where:
Tr=total travel time (minutes)
T» = Waiting time (minutes)
= Cost in cents

The surveying data shown the following travel characteristics:

Auto Transit
¥ Ei 15 25
1z 7 5
C 315 125

The proportions of travel in this Zone by auto and transit, respectively are miost neatly:
A. 22.3%,77.7%

B. 32.3%, 67.7%
C. 46.5%, 53.5%
D

D. 56.5%,43.5%
Solution: A
U, =—0.46—0.357,—0.1T,~0.01C = -0.46-0.35(15)—0.1{7)~0.01{315) =-9.56
U =~0.06—-0.057; —0.157, —0.05C = ~0.06—0.05(25) 0. 15(5)—0.05(125) =-8.31
¢lwe & 0.0000705 .
Pl Auto) = — = = i =22.3%
(Aueo) ol U g% Lg% 0.0000705 +0.000246
950 YA
P'(Tram"ﬁ._) S R — 0.000246 : =T77.T%

e ¥ 4™ 0.0000705 +0.000246
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Traffi¢ Safety

The crash rates at intersections can be détermined using the following equation:

RMEV = crash rate per million entering vehicles
A = Number of crashes, total or by type occurring in a‘single year at the location
V'= Average Daily Traffic (ADT) x 365

The crash rates for roadway segments can be calculatéd using the following equation:

RMVM = ¢rash rate per hundred million vehicles miles
A= Number of crashes, total or by type occurring at the '_'stud_'y location in-agiven period
VMT = Vehicle miles of travel during the given-period '

= ADT % Number of days in study period x length of road

The crash reduction in an intersection can be computed as:

Crashes prevented, = N(CR) ADT(after improvemen t)
T ADT(belore improvemen t)

N= expected number of crashes if countermeasure is not implemented and if the traffic
volume remains the same '

CR = Overall crash rediction factor for multiple mutually exclusive improvements at a
single site '

Problem 16.25

The minimum perception-reaction time recommended by the AASHTO for calculating stopping
sight distance (sec) is most nearly: '

A3 B.2.5 C.4 D. Depends.on the city
Solution; B
Problem 16.26
The past 10--year report at an intersection says that 10-vehicle crashes per year at that intersection.

The average daily traffic untiring at that intersection is 5,000, The crash rate per million entering
vehicles at that intersection is most nearly:

16-20
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2,000
55
200
0.1

00w

Solution: B

A(,000,000) _ A(1,000,000) _10(1,000,000) . ,o

RMEV = e 211 AL RN
v ADT(365)  (5,000)(365)

Problem 16.27

Tri.a test section of 5 miles, 10 vehicles crash in 6-montly period. This test section has 300.traffic
each day-ofthe test. The crash rate per million vehicle miles (RMVM) is most nearly:

A. 3,700
B. 7,300
C. 370
D. 730
Sohition: A.
VMT =300(6 months) [309—%’&)(5 miles) = 270,000 veh-miles
\ mo /
RMyM = 200I0) _T0CT00x10T) _; 704 3 900
VMT 270,000

Problem 16.28

Aftera crash preventing measure being adopted the crash reduces to 80% of the original crash rate
of 100 crashes per year. Note that the daily traffic is same/equial before and after the measure being
adopted. The number of crashes prevented each year by this preventive measure is most nearly:

A. 20 per year
B. 30 per year
G. 25 per year
D. 35 per year
Solution: A
Crash reduction factor, CR = 20_% =02 and ADT(after)
100% ADT(before)
_ . _ iy -AIﬁ)_T(a.ﬁer) U v
Crashes prevented; = N(CR) 202t (JO0Y0.2) (1) = 204
. preve (f )ADT(_bcforc-)_ {100)(0.2) (1) year
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Pavement Design

AASHTO Structural Number

The pavemeni thickniess design by the AASHTO is-conducted using Structural Number {SN). The
SN for any pavement site .is determined by considering the traffic demand, soil strength,
environment, and serviceability condition, The SN is then correlated with the pavemeiit layers’
thicknesses and materials types by as follows:. '
SN =a,D,+a,D, +a,D,
D; = thickness of different layers
ai= layer coefficient; stiffer the miaterial higher the mimber

The optimum ‘combination of layers and materials are chosen for final pavement section
considering site ¢ondition, local materials, economy; etc. Now, practice the following problems.
Problem 16.29

The layer coefficients of different layers of a paveinent system ate shown below. The structural
number of this pavement system is 6. The thickness (inch) of the asphalt layer is most nearly:

) AsphaltCOIlcrete04 o A

Aggregate Base (6.inch thick): 0:23

Subbase (8 inch thick): 0.11

8.5
9.5
10.5
7.5

SRR S

Solution: B

6=a,D, +a,D, +a,D, = 0.4D, +0.23(6) + 0.1 1(8)
D =935in ~9.5in

Problem 16.30

The layer coefficients of different layers of a pavement system are shown below. Considering the
top layer only, the structural number has been found to be 2.5. Considering the top two-layer only,
the structural number has been found to be 4.0. The thicknesses (inch) of the_to_p‘_]aye'r and base

layer respectively is most nearly:
16-22.
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7 Asphale Coricrete:0:4 -

_ Aggreg‘a]:e_Bése:‘Uﬁ?S :

Subgrade

A. 625,65

B. 35,45

C. 65,625

D. 55,65

Solution: A
Considering the top layer only: Considering the top two-layer only:
SN] = al.Dl . SNE - a’l DI +GED2
2.5=(04)D, 4,0=(0.4)(6.25)+{0.23) D,
D = g-g- =6.25in D, = 40- (04)(625) =6.5in

© 04 0.23

Equivalent Single Axle Load (ESAL)

ESAL establishes a damage relationship for comparing the effects of different types of axles with
different loads. Tt convetts all axles into a reference axie load which is 18-kip single axle with dual
tires. To convert other axles into 18-kip single axle two tires, a factor is multiplied. The factors can
‘be found in the NCEES FE Ref. Handbook. For-example, The ESAL factor for 40-kip tandem axle
is 2.08. It means this axle produces 2.08 tifes of damage compared to 18-kip single .axle. Now.
practicé following problems.

Problem 16.31
In.a construction site; a construction vehicle with a 24 kips single axle-and a 44.k_ips't_andem a_x]e-
travels 30 times per day.from the plant to the job site. If the construction period is 6 months (180
days) with no rest days, the total ESAL of that vehicle is most rearly:

A. 108,000 B. 54,000 C. 33,000 D. 5.3x10¢
Solution: C

ESAL of the vehicle, = 3.03+3 = 6.03 per travel

No of travel = 6 months x 30 day/mo x 30 time 4 day = 5,400 travels

Total ESAL = 5,400 travels x 6.03 ESAL per travel = 32,562 = 33,000
16-23
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"Problem 16.32
The ADT of a highway is 10,000, the total number of traffic in millions in a year is most nearly:

A, 10 B. 3:65 C.7.85 D.22.23
Solution: B

Total traffic in a year = (ADT) (365 days) =10,000(365) = 3.65x106-= 3.65 millions

Performance Grade (PG) Binder Grading
Superpave performance grading (PG is reported:using two numbers; The first on the average 7-
day maximum pavement temperature (°C), and the second being the minimum pavement design
temperature likely to be experienced (°C). Thus, a PG -64-28 js intended for use where the average
7-day maximum pavement temperature is 64 °Cand the expected minimum pavement temperature
is~28 °C. For different binders, the Jaboratory testing protocols are different. These are listed in the
NCEES FE Ref. Handbook.

Problem 16.33

In a region, average 7-day maximum pavement design temperature is 50 °C, and the minimum
pavement design temperature is -12 °C. The récommended asphalt binder for this. region is most
nearly:

A. PG52-16 B. PG 50-10 C. PG 52-22. D. All of the above
Sclution: A
Frorn FE Ref. Guide, for the-average 7-day maximum pavement design temperature less
than 52°C; PG 52 is recommended. Then, for the minimum pavement design temperature
is -12 °C, the second number is -16 (as <12 > -16). Therefore, the PG 52-16 is recommended.

Problen.16.34

For the asphalt binder, PG 64-28, the recommended design temperature for diréct tension test of
binder is most nearly:

A, 64°C B.28°C C -28°C D, -18 «C
Solution: I¥

From the NGEES FE Ref. Handbook, the recommendad design temperature for PG 64-28
binder for direct tension test is -18 °C.
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Pioblem 16.35

‘The average 7-day maximum pavement design temperature of a pavement:is 60 "C and the
‘minimum pavement design temperature is -26 °C. The recommend asphalt binder is most nearly:

A. PG58-28 B. PG 64-28 C.PG 64-22 D. PG 64-34
Solution: B
From the NCEES FE Ref. Handbook, top-right corner of the PG Table, PG 64-28.
Superpave Mixture Design
Superpave mixture design replaces the old mixture designs which were using the volumetric
properties of the compacted mixture; Superpave mix design selects.asphalt binder and aggregate as
a.part of mix design and consider the climate, and traffic level as well: The compaction. effort is
determined considering the climate and traffic level. NCEES FE Ref. Handbook, lists the Superpave
mixture design réquiremnents. Now, practice the following problems.
Problem 16.36
A pavemet is to be designed in a region with total ESAL of 5 millions. The average design high
year temperature is 40.°C. The design number of gyration for the test asphalt cylinder using the
super pave mixture design method is most nearly:
A 8 B. 106 G.95 D. 169
Solution: B-
The N from the Table is 106 for FSEL < 10 million at-40 °C.

Problem 16.37

The minimum VMA requirement at 4% air-void for 19 mm aggregate using the Superpave mix
design is most nearly:

A. 15% B. 14% G. 13% D. 12%
Solution: C

From the NCEES FE Ref, Handbook, the minitum VMA requirement at 4% air void for
19 mm aggregate is 13%.
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Horizontal Curve

Horizontal curves oceur at locations where two roadway segmentsintersect. It helps a vehicle turns.
smoothly at a gradual rate rather than a sharp turning. This curve is semicircle to provide with a
constant turniing rate. The intersection point of the two roads is defined as the Point of Intersection
(PL). The lccation of the curve's start point is defined as the Point of Curve (PC), and the location
of the'curve's end is‘considered the Point of Tangent (PT). Both the PC and PT are the distance T
from the PI, where T is defined as the Targent Length. The :Fdllowﬁlg-.notations'have been used in
futture formulation:

D= Degree-of Curve, Arc Definition N
PC=Point of Curve (also called BC) B 1 -
PT'=Point of Tangent (also called EC) o E e

Pl = Point of Intersection
I=Intersection Angle (also called A)
Angle Between Two Tangents
L :-_Lehgt‘h of Curve, from PC to PT

T'= Tangent Distance » e . . .
£ = External Distance #. ;"' s L _
R=Radjus RS
L= Length of Long Chord RN

M= TLength of Middie Ordinate HOT T SCALE e

¢= Length of Sub-Chotd
d'= Angle of Sub-Chord
1= Curve Length for Sub-Chord
The following formulas are listed in the NCEES FE Ref. Handbook,

Re 5729.58 R-M 71
Re—tt N7
- (1 | c=2Rsm| —
(1 L —pdl
T ::_R-_'tan(— = ].( ) I= -Rd(].go)
2 {1 ] Jsl
200 ..... .
{z
L:Ri[i = =(100) E=R——cl
180/ D cosl |
_ r 2
M= R['I B 005(5)] -Deflection anigle pér' 100 feet of arc
R : ] : length equals .
= co‘s[m] -The degree of curvature is the central
E+ 2 angle, Dsubténded by a chord of 100 féet.
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Problem 16.38

The intersection angle of a 6°“horizontal curve is 60°50'; and the PC is located at 140 + 22.75. The
station of the PT is most nearly:

145 + 36.64
130 + 36.64
135 + 36.64
150 + 36.64

onwpx

Solution: D

PT=PC+L=?
5729.58 5729.58
D

R = =095498 ft

1 =60°50 = (60 +%g]' — 60.833"

L=RI —”—~J = (954.93)(60.833‘)[i]; 1,013.89 ft
180 4 \180,
PT=PC + L="(140 +22.75) + (10'+ 13.89) = 150 + 36.64

Problem 16.39

A simple-circular horizontal curve has the following features:.
o Degree of curve =15°
 Bearing on incoring:{back) tangent is N 85°24'16" E
» Bearing.on outgoing {forward) tangent is-S 25°14'22" E
e Station of the PI'=178 + 33.87

N

N8524'16" E

W ext

S 259147227 E

The tangent length (ft) of thé-curve is most nearly:
16-27"
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A, 240 B. 265 C. 300 D. 320

Solution:. B

T=Rtap(l/i2)="7

NES24'76"E

S25°04'22" E

I=85"24'16"+ 25" 14'22" = 110°38'38" = 110.411"
I-180" —110,411" = 69.589° [Acute angle of 7 is considered]
R=212938 _ST29.38 101 o7
D 15
7= R tan(l/2) = 381.97 tan(69.589/2) = 265.4 fr

Problem 16.40

A horizontal curve has a radius of 1,300 frand an intersection angle of 22°. The pointofintersection.
(PDis located at 15433 station. The position. (station) of the point of curve (PC) is most nearly:

A, 13+10 B. 13453 C. 13+20 D. 12480
Solution; D-
PC=PF-T=1? |
I . 22N
Tangent distance, T = Rtan ~2~ =1,300 tan —-iw =253 ft
PI= 15+ 33 étation = 1,533 ft |
PC=PI~T= 1533 ft —253 ft = 1,280 ft = 12 + 80 station
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Problem 16.41

A horizortal curve is designed with a 1,500 ft radius and a tangent length of 300 fi. If the Plis
located at 15+80 station, the station of PT is most nearly:

A. 12480 B. 17+22 C.18+72 D.18+10
Solution: C.

PT=PC+L _
PC= PI—T=1,580ft— 300t = 1,280 ft = 12 + 80 station

f= R][_fm {{ isstill unknown)
180

T=R tan[ij
2

_ N TO300 . o
o fan| — |E—= =0.2 So, I=22.62°
2) R 1,500

I

L=RIl-E.|=1,500022.62,
180.

=502 fi
k.l-so]

PT=PC+592 ft = 1,280 + 592 = 1,872 fi = 18 +72 station
Problem 16.42

A horizontal curve is to be designed with. 1,500 ft radius and angle at intersection of 30°. The
external distance (ft) is most nearly:

A. 53 B. 63 C. 43 D. 66
Solution: A,
_ | 1 _
E =Rl ~11=1,500) —~—1]=52.9 ft
¢osl5

Problem 16.43

A horizorital curve is to be designed for a twe-lane road in Golorado Spring. The following data
‘are known:

Intersection arigle: 40 degrees.

Tangent Jength = 450 ft
16-29
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Station of PI: 3300+12.65
e=10%
£=0.15

The maximum design speed (mph) feasible is most nearly:

A. 48 B. 58 C. 68 D.78
Solition: G
T'=R tan(l/2)
Re—rb 30 230
| 1} 40)
lan ..... tan S,
2 2.
L e I/':l .....
15(0 Ole+ f)

i = JI5R(0.01e + £) = [15(1,236){0.01(10) +0.15) = 68 mph
‘Vertical Curve

A vertical curve provides a transition between two sloped (upgrade and downgrade) roadways. It
helps vehicles pass the elevation rate change smoothly at a gradual rate rather than a sharp Change
These curves are parabolic and are assigned stationing based on a horizontal axis.

-L = Length of curve

PVC = Point of vertical curvature
PVI=Point of verdcal intersection
PVT= Point of vertical tangency
2, =Grade of back tangent

x= Horizental distance from
PVC'to pointon curve

8, Grade of forward tangent

‘2= Parabola constant

E= Tangent offset at PVT ==

DATT
AL

800
r=Rate of change of grade
K = Rate of vertical curvature
The following formulas are listed in the NCEES FE Ref. Handbook:

x_ = Horizontal dlstance to. Inmfmax elevation on curve = — == =
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_ N L
Tangent elevation = Yoo+t 8iX and =Y, v T8 (x - “2—]

Curve elevation= Yypo + &% +ax" = Yoy 81X+ [%Jw]xz

21 {2, L A

.Problem 16.44

A crest vertical curve connects a +3.33% grade.and a —5.55% grade. The PVC1s at station 121 + 22
-at an elevation of 401.77 ft. The design speed is 60 mph, and length of the curve is 1,340.88 fr. The
élevation {ft) of the high point is most nearly:

A. 367 B. 420 C. 380 D. 410

Solution: D

X, = &l __ 0‘033'(_1’34'0'88&) =502.83 ft
-8  0.033-(-0.055)

S g ] a _ o ony [ ~0.055-0.033 )
Y. =Y +gx 4| 2221 ix% 401,77+ 0.033{502.83 ) +| ——————m 502.83
Tt i gl ] l: 2L ]xn : ( ) [ 2(1,34088) . ( )
=410.1ft
Problem 16:45.

In a vertical curve, a back tangent with a -3%6 grade meets at the station.of 1208450 with'a forward
tangent of 4%, as shown below:

L = 10 station

-PVTat stition 1200450
PUVIElev. = 5,500 fi.

The tangent offset (ft) at the PVJis most nearly:
10.0

0.9

0.8

9.0.

vnwEpe
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Solution: D

AL -3 —41(10 station)

E-=. .
800 R0O

= 0,088 station = 8.8t ¥ 9ft

Problem 16.46

An equal-tangent crest vertical curve joining 3% and -2% grade is to be designed. The tangents.
intersect at station {248 + 00) at an elevation of 2,250 ft,.and &= 300. The elevation (ft).om'the curve
at 50-ft from the -P¥('is most nearly:

A‘ 2)123-64
B. 2,228.99
C. 2,199.62
D. 2,239.38
Selution: B
p 8s— & 2
Y=Y, +gx+| =321 x =
prc T & [ oL J
L=KA=30003-(-2)=15001f;
Ther‘efore_, L2 =750 ft
Elevation of PV =2,250 — 3% of 750 ft =2 227.5 H
0.03 2 :
Y =2,227.5+(0.03)(50) + 0-93— (50)" =2,228.99
( | 500) -
Problem 16.47

A sag vertical curve joining -3% and 4% grade is.to be designed for design speed of 70 mph (K=
181). If the elevation of the PV is 123.72 ft Jocated at station 122 +77, the station of the PVT is

most nearly:

133+ 44.
1354 44
137+ 44
139 + 44

0w

Solution: B

PVT=PVC+L=1
L= KA=181{4~(-3) = 1,267 fi.
Station of PVC = 122 + 77
Station of PVT =(122 + 77) + (12 + 67) = 135 + 44
16-32
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Problem 16.48

The point of vertical curve is located at 3,200 ft elevation. The uphill grade is 2%, The tangent.
elevation at 500 ft from the PVC in feet is. most riearly:

A. 3,200 B. 3,210 C.3.220 D.3,250

Solution: B

Tangent elevation= Y,y + g,x= 3,200 +[“1"66J (500)=3,210 ft

Earthwork Formulas

Earthwork is-éssential in transportation engineering to minimize construction cost and increase:in
drivers’ comifort. Calculating the volume is important to determine the amount of earthwork on a
given site. For linear highways, volumes can ‘easily be calculated by integrating the areas of the
cross sections for the entire length of the ségment. More simply, several ‘cross sections can be
selected and an average can be taken for the entire length. Two popular volume ecalculation
equations are presented below:

Average End Area Formula, p = f;i( A+ A4)
Prismoidal Formula, ¥ = %( A +4 A'm +4,)

Volume of Cone, V= % {Base Area)

where: A = area of mid-section and I = distance between Arand Az
Problem 16.49
The length of a highway segment is 100 ft. The cross-sectional area of that highway measured at

the ends are 40 fi2 and 60 fi2. The design document says the area at the middle of this segment is 45
fi2. The velume (ft3) of this highway segment is most nearly:

A. 4500 B. 4,667 C. 5233 D. 3,267
Solution: B
Volume, "= (4, +44, + 4,) = ‘0?_ B (40+4x45+60)=4,667 £
6 i)
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Area Formulis

Areas can be calculated using the fblloWin‘g three rules, as listed the NCEES FE Ref. Handbook.
'Each equation is for specific. purpose. The problems may not specify which equation to be used.
Students must identify which equation to be used. The first ane is straight forward for coordinate
systein. The trapezoidal rule is for any mamber of segment where the ordinates are connected by
straight lines. The Simpson’s 1/3 rule is for odd number of ordinates where the ordinates can be
connected by curve lines. The followi ng few probleris will 'clarif_y this.

Area bounded by coordinates, 4 = l[ X,V — v Y x (v — v )40

fid =)
Area by Simpson’s 1/3 rule, A—w—[h +2 Zh +4 Z}IA +#h,],n=0dd
ey -

Problem 16.50

The area of the following curvetusing_'the S_imp‘sgn’:s_:l/?; rule is. most nearly:

0 33
_ " | 30 _3:2
025 23 B w
% o * i
20 ' *
0
0 i3 20 30. 40 507 60
A, 1,622
‘B. 1,595
C. 1,456
D. 1,326
‘Solution: B
n=2 1wl 10
Area = m[h +2> B +4) hoth [25+2(33+22)+4(23+25+30)+12]
k=35, P

=1,595 sg-unit

16-34
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Problem 1651

The area (in?) bounded by the following four coordinates is most nearly:

12
10 -

pory 11

¢

Tnch.

o MW oY o

0 2 4 Tnéh 6 8 10

32.7
22.7
275
31.5

O owe

Solution: G
. b »
A== 5 [ (g = )+ X5 (Ve — ¥ +oeed]

l [2(6—11)+ 5(8 —3) +9(1 1 —6) + 1(38)] =27.5 in”

&

A==

Problem 16.52

The area (fi?) of the following region using the trapezoidal rule is-most nearly:
800 . _
600 70
600 1500 e A

5 . T 400
o 400 e 5
' 300 "¢

200 |

F‘é{é]:t.-
38,000
42.000
45,000
48,000

ooFEe
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Solution: B

A= 20[ 500;_399+'6.00+ 400+"~7’00) = 42,000 f*

Problem 1653

The cross-section. areas af two ends of a 100-ft highway segment are 2,000 ft? and 2,300 fi2. The
volume (ft%) of the segment is most nearly:

A. 215,000
B. 213,000
C. 214,000
D. 212,000
Solution: A
V:—;» (4 +A)= l-ggﬂ(zooo:-p 2300} ft* = 215,000 ft*

NCEES.FE Civil exam includes mraditional multiple-choice questions as well as alternative item types (AFTs). AITs melude
bur are nor limited fa the following:

s Midtiple correct—allows examinees to select multiple answers

s Pointand click—requires examinees to click op part of a graphic to answer _

s Dragand drop—requires exaﬁ_:iaee_s to click on and drag items to match, sort, rank, or labef

»  Fillin the blank—provides a space for examipees to enter a résponse to the question
The last chapter of this Book conkains some exampiles. Visit fiugps//neees.org for more information..
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17 SURVEYING

Fundamentals of Engineeting (FE) CIVIL Exam Specification mentions, 46 questions may appear
i1i the exam based on Surveying as follows:

A. Angles, distances, and trigonometry

B. Area computations

C. Earthwork and volume computations

D. Closure

E. Coordinate systems (e.g., state plane, latitude/longitude}
F. Leveling (e.g., differential, elévations, percent grades)

The NCEES FE Ref. Handbook does not clearly mention the topics to be covered in sUrveying.-OthEr
than areas-and volumes calculation which is discussed in Transportation Engirieering. Few other
topics listed above ‘are discussed here.

Angles, Distances, and Trigonometry

This topic is discussed in the Mathematics chapter based on mathematics point of view. It is further
diseussed here using few more problems for better understanding,

Problem 17.1

‘Which of the following devices is a distance measuring device/method?

Pacing

Odometet.

Stadia
All of the above

ongEpe

Solution: D

Examples of distance measuring devices/methods are Pacing, Scaling, Odometer, EDM (electrenic
distance measurement), Stadia, Subtense bar; Fiberglass tapes, Steel tapes, etc.

i L . 17-1
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Problem 17.2

Which of -the-fcjli'cwing_dewces is a taping accessory?

- Plumb bob
‘Hand level
Clinometer
All of the above

el M-

Solution: D

Taping atcessories are Plumb bob, Hand level, Clinometer, Range pole, Tension handle, etc.

Problem 17.3

The slope distance and the zenith of a Iand, measured using a total station, are 242.22 m-and 114°
respectively. The horizental distance (m) of that land is most nearly —

219.38
223.65.
232.36
22198

o0 p

Solution: D

114° - 90° = 24°

X

€824 =
242.22

= X=022198 1

172
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Problem 17.4

A surveyor wants to measure the width of a river. His measurement on three points.on the river
bank are shown below. Thewidth (m) of the river is most nearly:

A N

2298
19.28
35.75
25.2

TowEp

Solution: G

30m _

tan 40 =
W]_dth _
Width =30/ tan 40 = 35.75 m

Problem 17.5

A surveyor wants to measure the height.of a building. His measurements are shown below. The
height (m) of the building is most nearly:

0m.

22.98
19.28
35.75
25.2

Oawp

Solution: D

- - - - ]7-3
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Height

tan 40 =.
30m

Height = 30 tan 40 = 25.2'm
Problem 17.6
‘Which of the fallowing statements is false?

- With 0 to.90 degree azimuth, your bearing = 0 to 90 degree bearing
With'90 to 180 degree azimuth, your bearing = 180 — azimuth
With 180 to 270 degree azimuth, your beéaring = azimuth ~180
With 270 te 360 degree azimuth, your bearing = 360 - azimuth
None of the above

'.m.w.o*.wP

Solution: E

All the four statements are correct. Azimuths are horizontal angles observed clockwise.
from any reference meridian commonly from north in plane: surveying, The bearing of a
line'is defined as the acute horizontal angle (fess than 90°) between a reference meridian
and the line. The angle is observed from either the north or south toward the east or west,
togivea readi'n_gf value smaller than 90°.

Problem 17.7

The azimuth of a boundary line is 147°13'26". Its bearing is most nearly:

A, $34°4614" E N

B $32°46'14" W o

C. $32°46'14" E W — E

D. N32°46'14" E )
Solution: G

180 - 147°13'46" = $:32"46'14" E
(angle is measured clock-wise in sumeying)

Problem 17.8
2.341539 radians is most nearly:
A.134°16'37"

B.134°37'16"
C. 26832377

17-4
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D: 134°9'37"

Solution: D

wrad = 1807
2.341539 = @(2.341539) =134.1603 =134°9'37"
T

(1" =60'and I’ =60"]

Area, Earthwork and Volume computations
These topics have been discussed in Transportation Engineering. Some more practice problemns:
Problem 17.9

A client wants to create a 2-acre parcel by establishing a North-South line, AB, as shown in the
figure below. The length (ft} of Side ABis most nearly:

North

300
387
427
487

oo

Solution: D

. .. . 175
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Area = 2 acres
Lo s 2
E(b._ﬂ)a._z(%,sso ft*)
ab + ac =174,240

43
tan 75

Now, % =tan?d or, b=

tan 65

Thus, o 4 ) +al =% =1 74,240,
tan 75 tan65

0.7342a* = 174,240
a=4872 %

Similarly, ¢-=

Problem 17.10
A small rectangular lot measures 100+0.3 ft by 200+0.7 ft. The area {ft*) of the lot is best stated as:

20,000+ 130.2
20,000 + 1700
20,000 x 21.0
20,000 +92.2

onwE

Solution: D

Ertor = /(4 o, ) +(B ) =+,/(100x0.7)" + (200x0.3) =+92.2
Area = 100 x 200 +92.2 = 20,000 = 92.2 fi?

Problem 17.11
A thin-walled tank is constructed as a body of revolution of a parabola, as shown in the figure. The

base diameter is 30 ft, and the height of tank is 50 f. The volume (yd?) of water in the tank when .
fullis most nearty:
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4,908,750
181,805
1,562,500
811,800

9w

Solution: B

%5 C o2 50 AT
V= j Ady = I (72" )dly =2 f (y""z) dy-ﬁ_zrf yidy = 7{}—] = 4,908,750t
()] ] o 0 4 o
:4‘—90-8:-’1_5;393— =181,805 yd’
27 -y
yd
Problem 17.12
The area of the following region using the trapezoidal rule is . fe

[Write the answer in nearest thousands with comma and without unit such as 7,000 or 87,000
etc. ]

00

Solution: 30,000
A= w(h‘—;i’i +h b +-h”__4_]
A= 20[2(10;300 1 600+ 400 + I'OOI.] = 3’0,b00.’ ft?
Problem 17.13

The area in acres.of triangular lots shown on a plat having the recorded right-angle sides of 335.36
ft and 804.02 ft is most nearly:

- - - - ]7W7
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6.18
3.09
1.34
8.18

00w

Solution: B

-bh (335 36)(804.02) =134,818 fi° S e 309acre
2 43,560

>

Traversing

Traversing consists of serieés of lines (0p_en ended or closed) to determine the relative locations of
points or object. ‘Closed traverse can be further divided inte two categories: polygon .and link.
Polygon traverse, returns to the starting point, thus forming a closed area. Link traverses ends to a
point which have a positional acéuracy: Open triverse does not retur to the starting point or close
upon a point of questionable accuracy. There are different methods of observing traverse such as
using interior angles, angles to the right, deflection angles, and azimutlis. The length of the traverse
line can-be determined by taping or any distance measuring technique. The length of traverse is
very often cafled course. Traversing stations' can be selected based on accuracy, -utility, and
efficiency of the survey; however, the reference ‘point should be picked up in-a way that it can
located even after years so that the whole works can be reproduced if required after years.

The summation of the interior angles of a closed area should be (2:2)*180°, where.n is'the number
of sides. If the sum of the observed angles is less or more that the calculated one, then it is
considered that angular misclosure occurred. Angles ofa clased traverse caii be adjusted elementary
to the correct geometric total by applying one of two.methods:

1. Applying an average correction to each angle
2. Making larger corrections.te angles where poor observing conditions may be present

Alter balancing the angles and calculating preliminary azimuths (or bearings), traverse closure is

checked by computing the departure and latitude of each line. Therefore, understanding of
calculating of preliminary azimuths is important. Departire and latitude are defined as follows:

North (I’? 4

i

Departure = L sin o
Latitude = L cos a

Lcosa
ol

> Fast (X)
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where Z is the horizontal length and the azimuth of the course. The linear misclosure is defined as

:J .(;Err_orih Latitudes)’ + (Errorin Departures)’
Latitude is also called northing or southing. Departures are sometimes 'called_eas'cings or westings.
Problem 17.14
Which of the following statements is. false?
The closure of a traverse is checked by computing the latitudes and _depar_tur;es of each sides
The latitude of a line is its projection on the north-south-meridian

The departure of a line is its projection on the east—west line
None of the above

o0

Solution: D
Problem 17.15

Which of the following staterients is false for enclosure?

Errorof Closure= \/ (Brror in Latitudes_)z + (Error in Departures)’
% Latitudes = 0

% Departures = 0

None of the above

Sow p

Solution: D
All the three statements are valid for traversing.
Problem 17.16
While surveying, bad sighting conditions can be catised by -
A. Alternative sun and shadow
.B. Sighting into-sun
C. Line of sight too close to ground

3. All of the above

Solution: D

. .. . 179
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Bad sighting conditions is caused by (a) alternate sun and shadow, (b) visibility of only the
rod’s top, (¢) line of sight passing too close to the ground, (d) lines that dre too short, and
(e} sighting into the sun.

Problem 17.17
Which of the following is'a mistake in traversing?

Mistake in note taking
2 Latitudes =0

¥ departures = 0.

All of the above

o0

Solution: A

Some mistakes in fraversing are: 1. Occupying or sighting on the wrong station, 2. Incorrect.
orientation. 3. Confusing angles to the right and left. 4. Mistakes. in.note taking, 5.
Misidentification of the sighted station.

Problem. 17.18

Departures-are sometimes called -
Northing
Southing

Easting
None of the above

goEp

Solution: C
Departures-are sometimes called eastings or westings_.
Problem 17.19
Latitudes are sometimes called -
A. Northing B. Westing  C. Easting D. None of the above
Solution: A

Latitude is also called northing or southing,

17-10
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Problem 17.20

Traverse consists of -

Closed loop-only
Series-of liljes'
Open lines only
None of the above

UoEe

Solution: B

Transverse consists of series of lines open or closed.
Pioblem 17.21
Two categories of closed traverses exist: pdlyg_on and what?
Link

Triangle
Hexagon

onwR

. Open traverse
Solution: A.

Two categories of closed traverses exist: polygon and link.
Problem 17.22
Angles or directions of traverse lines can be observed by-
Interior angles
Azimuth

None of the above
‘Both (A) and (B)

ooy

Solution: D

Angles or directions of traversé lines can be observed by using interior angles, angles to'the
tight, deflection angles, and azimuiths.

. .. . 17-11
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Problem 17.23

Which of the foll'owi'ng statements is false?

The closure of a traverse is checked by computing latitudes.arid departures of each sides
The latitude of a line is its projection on the north—south meridian

The departure of a line is its projection on the-east=west line

None of the above

SEeR_ =

Solution: D

Leveling {e.g., differential, elevations, percent grades)

The determination of elevations is' called leveling. Measuring relative elevations changes is a
-comparatively simply process. It is done by a level which is a high-powered telescope (combined
with a system to orient the line of sight in a horizontal plane).

Problem 17.24

Which of the following statements is false for leveling?

A sighting with a level back to a point of known elevation is ca'l'lec_l Backshot (Backsight)
A sighting with a level to determine the elevation of a point is called foreshot (Foresight)

Elevation of the telescope cross-hairs is called Elevation of Instriument
None of the above

SESCES

Solution: D
Problem 17.25

The elevation difference between two points can be determined using which of the following
surveying methods?

Closure
Leveling
Balancing
Pacing

I dor’t know it

mU 0D

Solution: B

17-12-
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Problem 17.26

Afier surveying in‘a landscape, it was found that the slant distance from one point to another point
is 420 m. The elevations of these two:points are shown below. The horizontal distance (m) between
these points is most nearly:

Flevation 1 00.m

122
108
112
118

onwp

Solittion: D

g 702 _ 902 ~11R i I
d=+120"-20" =118 m 120 m

Problem 17.27
The elevation of BM A s 1,422.00 fr. A level in perfect adjustment is set midway between BM A

and BM B. The backsight reading is 11.39 ft, and the foresight reading is 6.33 ft. If the level rod at
BM B is held at an angle of 15” to the vertical; then the correct elevation (ft) of BM B is:

11.39f

BMA

17-13
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A, 142708 B. 1,427.06 C.1,416.72 D. 14395

Solution: A

[1.39 fi

BM A
£ =633 cosl5 =611 f
Elevation at B= 1,422 + 11.39—6.11 = 1,427.28 ft
Miscellaneous Problems
Problem 17.28

The most effective way to link the proposed infrastructure of a development to the existing adjacent
infrastructure is determined by a:

Topographic survey
Control survey
Boundary survey

o0

Construction survey
Selution: A

“Topogtaphical sutveys are essential for showing natural terrain-features as well as man-
made features such as roads, sanitary; and storm drain system.

‘Problem 17.29

Your client requests a conference with you to.discuss the relationship between boundary locations
and fences. You should advise the client that fences have control as to boundary location when the:

fences exist alongthe property linés: of _ad]_'_oi_n's_. ctreated simultaneously
fences are less than 20 years old from the time of the original survey
adjacent owmers, as arbitrated by the surveyor, decide that the location is controlling.

on®E

fences were biiilt with the original stirvey and no original or other monuments exist
Sohlution: D

17-14
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Possession representing the location of original survey may be used to prove original survey lines.

Problem 17.30

Your firm has professional liability (errors and omissions) insurance; but the court found your firm
not:liable for a surveying error. The firm is now free {roms:

any cost atisirig-out.of the litigation

any cost arising out of the litigation except the deductible

any cost-arising out of the litigation except the deductible and the legal fees
any.cost arising out of the litigation except the deductible needed for Jegal fees

-.UD.'W?

Solution; D
This.is a standard practice in the insurance 'in'd'ustr_y.
Pioblem 17.31

You have been asked to testify s an expert witness in court regarding the officially drawn.map of
a survey performed by another surveyar. You might legally and: ethically testify as to:

the accuracy.of the survey
the competency 6f the surveyor
‘the accuracy of the map

Towp

‘your conclusions regarding the map
Solution: D

‘This is a standard practice for expert witness testimony.

. .. . 17-15
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18 CONSTRUCTION

Fundamentals of Engineering (FE} CIVIL Exam Specification mentions, 4-6 questlens may appear
in'the exam based on Construction as follows:

A. Construction documents

B. Procurement methods (e.g., competitive bid, qualifications-based)

C. Project -delivery. methods (e.g. design-bid-build, design build, construction
management, multiple prime)

‘D. Construction operations ‘and methods (¢.g., lifting, rigging, dewatering and pumping,
‘equipment production, productivity analysis and improvement, temporary erosion control)
E. Project scheduling (e.g., CPM, allocation of resources)

F. Project management (e.g;, owner/contractor/client relations)

G. Construction safety -

H. Construction estimating

Construction Documents

A conistruction contract consists.of the following documents:
* Agreement '
- Conditions of the Contract:
¢« Plans
= Specifications

The agreement describes the work to be performed, complétion time; contract sum, provisions for
progress payments and final payment, and lists the other documents making up the complete.
contract. The general conditions contain those contract provisions written by the owner. The
special conditions contain any additienal contract provisions applicable to the specific project.

.Construction plans are drawings that stiow the location, dimensiens, and details of the work to be
performed. Taken together with the spec1ﬁcations. they provide a complete description of the

facility to be constructed. Types of contract drawings include site drawings and detailed workmg
drawings:.

18-1
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Specifications provide the detailed requirements for the materials, -equipment, and workmanship
to be incorporated into the project. Contract-drawings and specifications must be used together.

Procurement Methods

Bid Preparation. The selection of a bid for 2 construction contract, is a mixture of art and science.
The bid price actually submitted by a contractor is usually based on -an analy31s of the expected
competition and the state of the constriction market in addition to the contractor’s estimate of the.
-cost to execute that project.

Bidding Procedure. The principal steps in the bidding procedure for a fixed- ~price construction
contract include solicitation, bid preparation, bid submission, bid opening, selection of the lowest
qualified bid, and contract award. Solicitation may range from an invitation sent to selected
contractors to public. U.S. governmental agencies are required to.solicit bids by public advertising,
Contractors indicating an interest in biddin g should be supplied with at least one complete set of
contract dochments. A deposit may be required to ensure the return of project plans .and
specifications furnished to unsiceessful bidders.

Contract Award. Afier the bids.are opened, they are evaluated by the owner to determine the lowest
qualified bid. The qualification -of a contractor is the determination that the CONtractor possesses
both the technical and financial ability to perform the work required by the contract. The method
of qualification used will depend on the owner. Another method of bidder qualification is called
prequalification. Under this procedure only those contractors. determined to be capable of
performing are invited to submit bids for the project. A more comimon, although indirect; method
of prequalification is to require bonding of the contractor. Bonds used ‘in:construction include bid
bonds, performance bonds, and payment bonds. A bid bond guarantees that a contractor will
provide the required performance and payment bonds if awarded the contract.

Subcontracts. Subcontracts are contracts between a prime-contractor and secondary contractors or
suppliers, .Subcontracts are widely used in building construction for the electrical, plumbing,
heating and ventilating systems. Subcontractors are responsible only to the prime contractor (hot
to the owner) in the performance of their subcontracts.

Project Delivery Methiods

A project delivery method is a system used by an agency or owner for organizing and financing
design, construction, opérations, and maintenanee for a structure or facility by entering into legal
agreements with.one or more entities or parties. Common project delivery methods include:’
Design-Bid-Build. An owner develops contract documents with an architect or an engineer

consisting of a set of blueprints and-specification. Bids are solicited from contractors - based on these.
documents; a contract is then awarded to the lowest responsive and responsible bidder.

182

@seismicisolation


https://t.me/seismicisolation

Demgn—Bmld An owner develops a conceptual plan for.a project, then solicits bids from joint
ventures of architects and/or engineer and builders for the design and construction’ of the project..

Construction Management, With partially completed contract-documents, an owney will hire a
construction manager 1o act as an agent. As substantial portions of the documents are completed,
the construction manager will solicit bids from suitable subcontractors. This allows construction to
proceed more quickly and allows the-owner to share some of the risk inherent in the project with
the construction manager.

‘Multiple Primes. An owrer contracts directly with separate trade contractors for specific and
-'designated_elements.of the work, rather than with a single general or prime contractor.

‘Constritction Operations and Methods

-Excavating and Lifting: An excavator is a power-driven digging machine. Major types of excavators
used includes hydraulic excavators and the members of the cable-operated crane-shovel family
(shovels, draglines, hoes, and clamshells). Dozers, loaders, and scrapers can also serve as excavators.

Loading and Hauling, Loading and hauling equipment includes dozer, tractor, scrapers, trucks,
wagons, conveyor belts, and trains. A tractor equipped with a front-mounted earthmoving blade is
known as a-dozer or bulldozer. A dozer moves earth by lowering the blade and cutting until-a full
blade load of material is obtained. It then pushes.the material across the ground surface 1o the
required location. A tractor equipped with a front-end bucket is called a loader, front-end loader,
or bucket loader. Both wheel loaders and track loaders are available. Scrapers are capable of
excavating, hauling; and dumping material over medium tolong haul distances.

Compacting. Compaction is'the process of increasing the soil density by mechanically forcing the
soil particles closer together, i.e., expelling air from the void spaces in the soil. Equipment includes
tamping foot rollers; grid or mesh rollers, vibratory ‘compactors, smooth steel drum Tollers,
pheumatic rollers, ‘segmented pad rollers, and tampers or rammers.

Finishing, Finishing is the process of bringing earthwork to the: desired shape and elevation. It
involves smoothing slopes, shaping ditches, and bringing the earthwork to the elevation required
by the specification. Motor grader is widely used for grading and finishing,

Rock Excavation, The process of rock moving may be considered in four phases: loosening, loading,
hauling, and compacting. The traditional method for exeavating rock involves drilling blast holes
in thié rock, loading the holes with explosives, detonating the exploswesa loading the fractured rock
into haul units with power shovels, and hauling the rock away in trucks or wagons.

Problem 18.1

In construction contract -
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+

consulting engineer has abligation to the owner and the general contractor only
consulting engineer has obligation to the owner, general contractor, and subcontractors.
consulting engineer has.obligation to the general contractor only

-consulting engineer has obligation to the owner only

Un.m:a»

Solution: D

In customary practice, the owner hires engineer for the design and contract documents.
The engineer works closely with general contractor and subcontractors but the engineer is
only liable'to the owneér only-

Project Schediiling

Project scheduling is the determination of the timing and sequence of operations in the project-and
their assembly to give the overall completion timme: There are different methods of project
scheduling such as bar chart, activity-on-arrow, activity-on-nede, precedence network, etc.

Bar Chart. Definied as a graphic representation of project activities showt in'a time-scaled barlines
with no links between activities. It is alsg known as Gantt charts. An example of bar chart is shown
below:

‘Site-Clearing
Excavation
Foundation
Slab 'on Grade:
Framing
Roofing
Finish Interior

Time (day)

Activity-on-Arrow (ADA) . In AQA network, the activity is represénted by arrow between nodes;
the nodes represent E'the .events (start and finish) of the. activity. Dummy activities are required in
AOA networks for logic or identity. When one activity finishes, another activity starts, i.e. finish-
stait refationship. Due to limitations in AOA such as dummy activities, diffieulty in lag adaption,
etc. this AOA becomies obsolete.

FARLY STARTLATESTART TARLY FINISIAL, ATF" FINISI

(i\ ACTIVITY - j }
L BURATION L

Activity-on-Node (AON). A node network is a network where nodes, represent activities and
arrows represent logic relationships (dependencies). When one activity finishes, another activity
starts, i.e. finish-start reltionship. It is better than AQA network but cannot accommodate start to.
start, finish to finish relationship, etc.
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Precedence -Network. Precedence network uses node 'dié_lgrams' with four types of logical
relationships:

Start-to-Start, 5-§,

Finish-to-Finigh, F-F,

Finish-to-Start, F-3,

Start-to-Finish, $-F. (not used in real life)

Lol

A A

B B

1. Startzto-Start: start-of B depends on the start of A
2. Finish-to-Finish: finish of B-depends on the finish of A
3. Finish-to-Start: stait of B depends on the finish of A

Some common terms used in the scheduling are defined below:

Activity: A basic unit of work as part of the total project that is easily measured. and
controlled. It is also éalléd Task. It is time and resource consum'ing.

Event: a point that is usually the start or finish of a certain act_ivity(s)_ with zero duration:
Critical Path: The longest continuous path in a network from start to finish. It represents
the summation of the durations of activities and lags along that path, -taking in
consideration calendars, constraints, resources, and other impacting factors.

Predecessor Activity: An activity that must finish (or start) in Qrder_ for the sncceeding
activity(s) to start (or finish). It has been also defined as an activity that has some
measurable portion of its duration logically restraining a subsequent activity or activities.
Successor Activity: An activity that canpot start (or finish) until another activity
(predecessor) has finished (or started).

Early Start, ES: The earliest date the activity can start within project constraints.

Early Finish; EF: The earliest date the activity can finish within project constraints.

Late Start, LS: The latest date of start without delaying the completion of the project.

Late Finish, LF: The latest date of finish without. de]ay’ing the completion of the project,.

185
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e Total Float, TF: The maximum amount of time an activity can be delayed from its early
start (ES) without delaying the entire project. TF = 1§ ~ ES or TF = LF - EF.

e Lag: Alagisdefined as a minimury waiting period between the finish (or start) of an activity
and the start (or finish} of its suceessor.

Problem 18.2

Which of the fol]owing statements is trae for the following activity-on-node?

A

oo

Solution: C-

Start-to-Start: start of B depends on the start of A
Finish-to-Stait: start of B depends on the finish of A
Finish-to-Finish: finish of B depends on the finish of A
None of the above

From the FE Ref. Handbook, Finish-to-Finish: finish of B.depends on the finish of A.

Problem 18.3.

Dummy activities in arrow diagrams are:

A
B.
C
b

Solution: C

. real but unimportant dctivities

real activities with no budget assigned

. fictitious activities used.for accurate drawing of the network

. fictitious activities used to-extend the duration of real activities

Dummy activities in arrow diagrams are fictitious activities used for accurate drawing of
the network. It has no diiration and does not consume any resource, Sometimeés; it canmot
be avoided in AOA nerwork. In AON and Precedence Nerwork, we do not need any
dummy activity; hence became more popular than AQA network:
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Problem 184

A lag is waiting periods between two activities. They:

A. can be incorporated in arrow networks but not in node networks
B. can be'incorporited in node networks but not in arrow networks
C. can be incorporated in both arrow and node networks.

D. cannot be inicorporated in arrow and node networks

Solution: B
A lag is waiting periods between two activities. They can be incorporated in node networks
but not in arrow netwoiks, Example of lag — few days of waiting after concrete pouring for
curing operation.
Problem 185
A logical relationship shows:
A. activities that are to be performed by the same subcontractor or crew.
B. activities that-make sense.
C. dependencies between (among) activities.
D. the duration of the activity
‘Solution: C
Problem 18.6
Soft logic means the:.
logical relationship that is not $o important
logical relationship in the software.

resource constraint
logical relationship coming from external activity

vowp

Solution: B.
Problem 18.7
The forward pass is.a:

A. ‘Subnet of the CPM network that includes dll activities to be done first.
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B. Process of going on a.CPM network from start to finish calculating éarly dates for
each activity, and estimated completion date for the entire project,

C. Assigning logic relationships for succeeding activities.

D. Both (A) and (C)

Solution: B
Problem 18.8

After performing forward and backward passes, you found that for a certain activity- the Early
Start date to be laterthan the Late Srart date. Your explanationis most riearly:

This is impossible. You must have done a mathematical érror.

This activity is not critical it has some leeway (float).

This activity was placed in the wrong position in the network.

You have used an imposed finish date for the project or the activity:that is earlier
than the calculated finish date.

=Rel s

Solution: D

Problem 18.9

Free float represents:

The portion of total fleat where it'is not influenced by preceding activities.
The portion of total float where it does not influence following activities.

The waiting period which does not affect the total duration of the project.
- None of the above.

oOow

Solution: B

Problem 18.10

The followibg relationship means:

A B

A. Activity B has to start exactly 3 days-after the start of A.
B. Activity B can start at least 3 days after the start of A.
C.-.Ac't.ivi'ty B can start at most 3 days after the start of A.
D. Nene of the above.

Solution: B
188
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Problem 18,11

The following relationship means:

A. Activity B has to finish exactly 3 days after.the finish of A.
B. Activity B can finish at least'3 days after the finish of ‘A.
C. Activity B can finish at most:3 days after the finish of A.
D. None of the above.
Solution: B
The lag is:3 days, meaning the next action can start 3 days or later (simply at least 3 days).

Problem 18.12

The following relationship mieans:

Activities A and B must start simultaneously, but B has to finish 2 days after the finish of A..
A. Activity B can start-after the start of A and but must finish at least 2 days before the finish of A.
B.. Activity B can start before the start of A but must finish at most -3 days after.the finish of A.
C. Activity B can start-after the start of A and but must finish at least 2-days after thie finish of A.

Solution: D
Both restrictions must be satisfied. Option D> only does it.
18-9
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Problem 18.13

The following relationship means:

A -2 . B

¥

A, Activity A can'start’2 days before the start of activity B.
B. Activity B can start 2 days after the completion of activity A..
C. Activity B can start 2 days before the completion of activity A.
D. Activity B'has to start at least 2 days before the completion of _actiVit_y. A,
Solution:; C
The lag is -2 days, meaning the next action can start -2 days or later; option D is not the answer.

Problem 18.14

An activity-on-node diagram for a construction project is given below. The minimum number of
days to finish the project is miost nearly:

Solution: D
B-D-G path: 4+ 6 + 6= 16 days
CG-E-G path: 5 +5 + 6 = 16 days
A-C-F-Gpath: 245 +2.+ 6 =15.days
C-F-G path: 5 +2 + 6 = 13 days (Ans.)

18-10

@seismicisolation


https://t.me/seismicisolation

Problem 18.15

An activity-on-node diagram for a construction project is given below. The minimum number of
days to finish the project is. most nearly:

A 19 B.21 C. 18 D. 16
Solution: D

B-D-G path: 4 + 3 +.9 = 16 days

C-E-G path: 6 +5+ 9= 20 days

A-C-F-Gpath: 2 + 6 + 3+9 =20 days

C-F-G path:;6 + 3 + 9 = 18 days
Problem 18.16

A node diagram is shown below with forward pass and backward pass calculations. Which of the
following statements is true for this didgram?

3o
i3
o3 i1
A
1 ™,

Total Float.of C is 3 and. Free Floatof Dis 0
Total Float of D is 3 and Free Float of Cis 0
Total Float of C'is 3 and Free Float of D is 3
Total Float of T} is 0 and Free Float of C'is 3

SOwp

Solution: C
18-11
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Total Float of C =18 ~ES=6-3=3

Total Float of D = L8~ ES =13 -10=3
Free Float of C = ES of next activity — EF of current activity = 10—~ 7= 3 A
Free Floit of D = ES.of next activity — EF of currént activity = 18 ~ 15= 3

ES EF

s LF
Problem 18.17

A node diagram is shown below with forward pass-and backward pass calculations, Which of the
follbw'in_g. statemients is true for the Activiry G?

i 1o

10
4 14
0 22 10 22 10 22 7 22
C C C C
14 22 0 7 4 14 7 22
A, B. C. D.
Solution; D
Activity C is following Activity-A and Activity-E is following Activity-C. ES BF
Forward Pass:
ES of _Activi’ty'c- =7 as it starts after Activil_:y—.A_ ends. C
EF of Activity C = 7+15 = 22 as it has duration of 15 days. :
Backward Pass: LS LF

LF of Activity C = 22-as E starts on 22
LS of Activity C = 22 — 15 = 7 (duration of 15 days)

Determ J'nj'ng"the 'PrdjeCt-Size Modifier
To determine the project size and initial cost estimating, the NCEES FE Ref. Handbook,

Construction Section, listed different types of building, its median cost, and typical sizes. Review
the Table and practice the following problem.
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Problem 18.18

The median cost per square foot-6f construction of Jails is most nearly:

A. $165.0 B. $ 81.60 C.$115.90 D. Unknown; depends on lotation:
Solution: A

From the FE Ref. Handbook, Constructien Section, $ 165:

Problem 18.19
The typical size of post office is most nearly:

A. 12,400sfc B.7,500sft  C.9,000sft  D.Unknown; depends on location.
Solution: A

From the FE Ref. Handbook, Construction Section, 12,400 sft.

Earned-Value Analysis
Earned Value analysis is a standard way to'medsure a project’s progress, forecast its completion date
and final cost, and provide schedule and budget variances along the way. It compares the planned
amount of work with what has actually been completed, to determine if cost, schedule, and work
accomplished ‘are progressing as planned. The following short forms are used in earned value
analysis:.

BCWS = Budgeted cost of work scheduled: (Planned)

ACWP = Actual.cost of work performed (Actual)

BCWP = Budgeted cost of work petformed (Earned)

BAC = Budget at completion
Cost Variances is-defined as:

GV = BCWP - ACWP (Cost variance = Earned - Actual)

It is a comparison of the budgeted cost of work performed with-actual cost. A negative variance
means the project is over budget.

Schedule variance (SV) is defined as —
SV = BCWP - BCWS {Schedule variance = Earned - Planned)_
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It is a comparison of amount of work performed during a given period of time to what was
scheduled to be performed. A negative variance means the project is behind schedule.

Cost Performance Index (GPI) and Schedule Performance Index are defined as:

CPl = BCwE. GPI < 1 means project is over budget
Acwp
SPI = BCHP , SPI < 1 means project is behind schedule

-
l._

There are tools available that can be used.to predict the Estimate at Completion {EAC) based upon.
the past history of contractor performance on the contract (e:g., cost and schedule efficiencies). The
earned value EAC formula is based on the-simple conicept that the estimate at completion is equal

to the amount of ' money already spent on the coniract plus the amount of money: it will take to

complete.the contract. Translating this into the language of earned value; money already spent is

ACWP, and money need to complete the contract is based on budget cost of work remaining, or

BCWR, divided by a performance factor.

The Estimate at Completion (EAC) is determined as, EAC = ACWP +ETC

The phrase budget at completion (often referred to as BAC) refers to the sum of all budget values
that have been previously established for the work 1o be performed on a PToject, or-on components
within a project.such as a schedule activity or work breakdown structure component. The budget
at completion also can be referred to as the total planned value of the project.

Estimate to complete (ETC) is a forecast of how much. more money will need to be spent to

complete the project.

The Estimate to Complete (ETC) is determined as, £7{ = EA%':%E

Problem 18,20

Suppose you had a budgeted cost of work performed (BCWP) of a project is $540,000. After
construction it .was found that Actual cost of work performed (ACWP) is 590,000, The cost
performance index (CPI) is most nearly:

A. 11725
B. 0.92
C. $100.000:
D. None of the above
Solution: B
_BC wp 540 ,000

~r

= OWE T 390.000 = 0.92 (CPI less than 1.0 means over budget)
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Problem 18.21

The budgeted cost of work performed (BCW P) of a partofa project was $100,000. The actual cost
of work performed (ACWP) was $95,000. The Cost variance (CV) of this part of the project is most
nearly:
A. 11 B. $5,000 C.'$10,000 D. -$10,000

Solution: B

CV = BCWP — ACWP=100,000-95,000=$5,000(CV positive means under budget)
Problem 18.22
Suppose you had a budgeted cost of work performed (BCWP) ¢gost of a projéct at: $900,000. Before
‘thé construction, the budgeted cost of work scheduiled (BEWS) 750,000. The schedule performance"
index {SPI) is most. n_e:arly

A. 1125 B.0.89 C. $100,000 D: 1.2

Solution: D

BCWP 900,000

SPI = BOWS.~ 750.000 =1.2 (SPImore than 1.0 means ahead of schedule)

Problem 18.23

not typically part of construction.

Engineers
Contrdctors
Architects
City officials

SR

Solution: D
Construction Safety.

The NCEES held FE Civil Exam does not exactly specify the topics to be covered in construction
safety: However, the author recommends students to be aware of Occupational Safety and Health
‘Administration (OSHA) health regulations for construction by online reading. Some important
‘points are discussed in this section. Construction work is obviously a hazardous land-based job
working with height, excavation, noise, dust, power tools, nails, falling boady, and equipment. The
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most common fatalities are caused falls, being struck by-an object, electrocutions, and being caught
in between two objects. OSHA sets and enforces standards concerning workplace safety and health.

By law; employers must provide their workers with a'workplace that.does not have sericus.hazards
and must follow all OSHA safety and health standards. OSHA further requires that employers miust
first try to eliminate or reduce hazards by making feasible changes in Wor_king conditions rather
than relying on personal protective equipment such as masks, gloves, or earplugs. Switching to safer
chemicals, enclosing processes to trap harmful fumes, or usiﬁg ventilation systems to clean the air
are examples of effective ways to eliminate or reduce risks,

Employers must also:

* Inform workers about chemical hazards through training, labels, alarms, color-coded
systeims; chemical information sheets.and other methods.

‘s Provide safery training to workers iri a langiiage and vocabulary they can understand

‘s Keep accurate records of work-related injuries and illnesses.

o Perform tests in the workplace, such as-air sampling, required by some OSHA standards.

* Provide requiired pefsonal protective equipment at no cost to workers.

e Provide hearing exams.or other miedical tests when required by OSHA standards.

»  Post OSHA citations and injury and illness sumnmary data where workers can see them

»  Notify OSHA within eight hours of a workplace fatality.

* Not retaliate or discriminate against workers for using their rights under the law, including
their right to report a work-related injury or illness.

Workers have the right to:

o Working conditions that do not pose a risk of serious harm.

- File a confidential complaint with OSHA to have their workplace inspected.

e Receive information and train ing about hazards, inethods to prevent harm,_ and the OSHA
standards that apply'to their workplace. The training must be done in a language -and
‘vocabulary workers can understand.

» Receive copies of records.of work-related injuries and illnesses occurred in the workplace,

* Receive copies of the results from tests done to find hazards in their workplace:

*  Receive copies of their workplace medical records.

* Participate in an OSHA inspection and speak in private with the inspector.

* Filea complaint with OSHA if they have been retaliated or discriminated against by their
employer as the result of requesting an inspection or using any of theéir other rights.

e File a complaint if punished or retaliated against for acting as a whistleblower under the 21
additional federal laws for which OSHA has jurisdiction.

Problem 18.24
Whose responsibility is to provide a workplace that does-not have serious hazards?

‘A. Engineers
B. City officials
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C. Employers
D. Employees

Solution: C

Employers must provide their workers with a workplace that does not. have serious hazards and
must follow all OSHA safety and health standards.. :

Problem 18.25
‘Which of the following is not the responsibility of employers?
- Fliminate or reduce hazards for the woiking place
Keep accurate records of work-related injuries and illnesses

Notify OSHA of a workplace' fatality
Noneé of the above

oW

Solution: D
Miscellaneois Problems
Problem 10:26
The budgéted labor amount for an excavation task is $6,000. The hourly labor cost is $50 per
worker, and the workday is 8 hours. Two workers are assigned to excavate the material. The time
(days) available for the workers to complete the task is most nearly:

A 15 B.8 C.10 D.6

Solution: B

Total budgeted time = $6,000 / $50 = 120 hours = 120/ 8 = 15 days
There are two labors; therefore, it would take 15/2 = 7.5 days = 8.0 days

Problem 10.27

A crane with a 120-ft boom is being used to install a small load on the reof of the 65-ft high building
as shown below. The load is to be dropped at point; A, from where the crew on- the top of building
will take care. Point, A is 5-ft away and 5-ft upper than the top. of building. Wﬁat should be
horizontal distance, X (ft) from the edge of the building to the boom foot? The boom foot is located
5-ft from the surface. The crane boom can make a minimum of 45° with the ground surface, and
the load cannot be lifted up with cable. '
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Sfti.

5it

63 ft _
Boom Foot

Xo=? :
S —— . i 5 ﬁ'
RS lfa’,_/! R :f.-’/ e e e e o
A. 45
B. 55
C.. 35
D. The 120-ft ¢rane is.not suitable for this operation

Solution: D

Imagine 4 right-angle triangle

’ .- 65 i
g =gin™ (ﬁa} =33"legs than 45°

tn
=

!

bz

The crane is unable to make this-operation..
Problem 10.28
A bridge is to be jacked up io replace its bearings. The design requires a hydraulic ram with a
minimum capacity of 2,000 kN. The hydrauli¢ ramis that are available are rated in tons. Note that 1
ton = 2,000 1b. The minimum size {tons) ram to use is most nearly:

A, 275 B. 450 C. 1125 D. 450

Solution: A

2,000 kN = 2,000,000 N = 2,000,000 x 0.225 == 450,000 1b = 450;000/2,000 = 225 ton’
[From the Unit Section of the NCEES Ref: Handbook, 1 N = 0,225 1b]

References: :
Nannaly, $.W. (2010), Construétion Methods & Management, 8th Edition, Prentice Hall, Upper Saddle River, NJ.
‘Mubarak, S, (2015). Construction Project Scheduling-and Control, 3% Edition, Wﬂey.
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19 ENVIRONMENTAL ENGINEERING

Fundamentals of Engineering (FE) CIVIL Exam Specification mentions, 6-9 'quesﬁdns may appear
in the exam based on Environmental Engineering as follows:

A. Water quality {(ground and surface)

B. Basic tests (e.g., water, wastewater, air)
C. Environmental regulations

D. Water supply arid treatment

E. Wastewater collection and treatment

NCEES FE Ref. Handbook, Environmental Engineering; listed the formulations related 1o
Environmental Engineering, However, the listed topics are mainly intended for Environmental
Engmeenng students, not purely for Civil Engineering students. Therefore, students are advised
to study and practice this part as much as they studied in their degree program. In ‘addition, do
not try to master the whole topic. The author here discusses few topics which are more important
for the Civil FE exam.

Selected Properties of Air

The amounts of major components.of air, viscosity, and density of air are listed below:

Nitrogen (N2} by volume 78.09%
Oxygen (Oz2) by volume 20.94%
Argon (Ar) by volume 0.93%
Molecular weight of air 28.966 g/mol

Absolute viscosity, at 80 °F 0.045 1bm/(hr-ft)
Absolute viscosity, at 100 °F  0.047 Tbm/(hr-ft)
Density, at 80 °F 0.0734 bm/ft?
Density, at 100 °F 0.0708 lbm/ft*

Atmospheric S'tabili_ty Under Various. Conditions are listed in the NCEES FE Ref. Handbook,
Environmental Engineering, Please have a glance at it.
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Problem 19.1

The density of air at 100 °F is most nearly:
A, 0.045pcf B. 0.047 pcf C. 0.0708 pcf D. 0.0734 pcf
Solation: G

From the NCEES FE Ref. Handbook. (Environmental Engineering), the density of air at.
100 °F is 0.0708 pef.

Problem 19.2
The amount of Oxygen (O3) by the volume in air is maost nearly:
A 21% B. 78 % C. 38 % D. 68 %
Solution: A
From the NCEES Ref. Handbook, the amount of Oxygen (O.;)by volime in air is.20:94%.
Problem 19.3

The atmospheric stability under surface wind speed of 5.5 /s, and strong day. solar insolation is
most nearly:

. Very Unstable
Neutral
Moderately Tinstable
 Slightly Unstable

00w

Solution: D

From the NCEES FE' Ref. Handbook (Environmental Engineering); the atmospheric stability:
under surface wind speed of 5.5 m/s, strong day solar insolation is Slightly Unstable.

Incineration Plant
‘Problem 19.4
In an Incineration plant, the principal. organic. hazardous constituent (POHC) input and output

are 1,500 kg/h and 1,200 kg/h, respectively. The destruction and removal effi iciency (DRE) of that.
plant is most nearly:
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A. 10% B. 20% 'C. 50% D. 80%:

Solution: B

From the NCEES FE Ref. Handbook (Environmental Engineering),.

DRE=fﬂﬂj5ﬂanm%):52%2%§§@fﬂm%9:zm%

COD and BOD

COD is the amount of oxygen réquired to degrade the organic and inorganic mattérs_; BOD is the
amount of oxygen- required to degrade the organic matter. Therefore, COD 1is higher than the
BOD. "

Problem 195

Which of the following statements i$ true regarding the Chemical Oxygen Demand (COD) and
the Biological Oxygen Demand (BOD)? '

COD is the amount of oxygen required to degrade the organic matter

BOD is the amount of oxygen requiréd to degrade the inorganic matter

‘COD is the amount of oxygen réquired to degrade the organic and inorganic matters
BOD is higher than the COD

oW

Solution; C
Fate and Tratisport
Mass Calculations

Mass balance: Massin = Massou
M=CQ=CV
Continuity equation = Q =vA

M= mass
€= concentration
Q= flow rate
V= volume
v=velocity
A= cross-sectional area of flow
M (Ib/day) = G (mg/L) % Q(MGD) % 8.34 [1b-L/mg-MG)]
MGD = million gallons per day
MG = million géllb_ns-
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Microbial Kinetics

BOD Exertion
¥, =L{1-10")

k=BOD decay rate constant (base e, days}

L= ultimate BOD (mg/L) |

t = time {days)

ye= the amount of BOD exerted at time r(mg/L)
Kinetic Temperature Corrections, &, = kmé’r'"z".

Stream Modeling
D - k]L'th [) gl _e—.ﬁ’-’s!]_l_ [)” —&af
kg_- . k_; . [
l 7 . a7
[ = In K [-D, (k“ k‘)
k~k |k kL,

D= dissolved oxygen deficit (mg/L)

DO= dissolved oxygen concentration (mg/L)

D= initial dissolved oxygen deficit in mixing zone (mg/L)
DOu = saturated dissolved oxygen concentration (mg/L)

k1 = deoxygenation rate constant, base e (days1) o

k= rederation rate constant, base e (days™)

Lo= initial BOD ultimate in mixing zone (mg/L)

¢=time (days) |

fo=time at which minimurm dissolved oxygen oceurs (days)

Problem 19.6
A wastewater treatment plant can treat 2 MGD of wastewater. At any-time, the plant requires.
‘one unit to' be taken out' for maintérance.. The wastewater has a total TSS of 300 mg/L. The
maximum solids load on each clarifier is 600.1b-TSS/day. The nutmber of clarifiér units needed is
most nearly:.

A7 B.9 C. 14 D. 18

Solution: B
19-4
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From the NCEES FE Ref. Handbook (Environmental Enginéefing),

M (Ib/day) = C (mg/L)x Q (MGD)x 8.34 [Ib-1/(mg-MG)] = 300 x 2 x 8.34 = 5,004 lb/day
Number of units required= 5,004/600 = 8.34 ~ 9 '

Problem 19.7

The BOD of a waste sample incubated at 30 °C for 10 days was measured to be 120 mg/L. The
deoxygenation rdte constant (base-10, 20 °C) is.0.23 per day. The kinetic temperature correction
factor is 1.047. The BOD of the sample after 15 days of incubation at-20 °C is most nearly:

A. 111.07 mg/L
B. 118.07 mg/L
C. 120.0 mg/L
D. 122.07 mg/L
Solution: C
From the FE Ref. Handbook, (Environmental Engineering),
g =y 1047772 = 0.23(1.047)"" = 0.36 per day
¥ = L(1=10™)
120 = L(1—-107%%%1%)
L = 120.03 mg/L
Therefore, y; = L~ 1077 )= 120 03(1 - 10-—0,33r.|'5)) =119.98 mg/L
Problem 19.8

A dying factory discharges waste water into a river. The river-wastewater mixture has the
following:

Temperature = 20 °C

Flow rate = 15 ft¥/sec

Average velocity = 5 fps:

DO =5mg/L

Ultimate BOD = 20 mg/L

Saturation BOD at 20 °C = [2'mg/L.
Deoxygenation rate constant = 0.3 per day
Reoxygenation rate constaut = 0.4 per day

“The DO of the stream (mg/L} at 10 miles downstream of the mixing point is most nearly:
A. 25 B.35 C.45 D.7.36

195,
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Solution: I

Initial oxygendeficit, Do= 12 - 5 = 7 mg/L
~ 10-mile travel time, ¢ = §4 = 10(5,280) fr/ 5 Ips =10,560 5 = 0.122 day
* Ls~initial dissolved oxygen deficit in mixing zone = 20 mig/L

k=03 k2= 0.4
k L ' hiad - hat 0 3(20) -03{0.122 2 A4
.t R R R SR 22, 040122 I, PRSI LZES e 36——
.fc-z — Ky [ ] “ 0 403 [ ]
Break-Tlirough Time for Leachate to Penetrate a Clay Liner, 7 = ..
: K{d +h)

r= breakthrough time (yr)

d = thickness of clay liner (ft)

1 = porosity

K= hydraulic conductivity (ft/yr)

A= hydraulic head (ft)

'I_*yp_iéhl porosity vatues for clays with a coefficient of permeability in the range of 10 to
104 cm/s vary from 0.1 to 0.3. |

Soil Landfill Cover Water Balarice
AS¢ = P~ R—~ET—PERsw
AS.c = change in water held in storage in-a unit volume of landfill cover (in.)
P=gmount of precipitation per unit area {in.)
R =-amount of runoff per unit area (in.)
ET = amount of water lost through evapotrangpiration per unit area (in.)
PERsw = amount of water percolating through' the unit area of landfill cover: into
compacted solid waste (in.)
Problem 19.9
A 50 cm thick clay with permeability of 8x10® /s is used as a liner material for-a landfill’ project.
The porosity of the clay is 0.4. if the hydraulic head is 3 m, the time in days'it may take for the
leachate material to penetrate the liner is.most nearly:

A 413 B. 10.1 C. 30.7 . 60

Solution: A.
19-6
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From thie NCEES FE Ref. Handbock (Environmental Engineering),
&g (05m) (04

=357,142 s = 4.13days

Time, £ =

+

Problem 19.10
In a 200 m?* landfill, 80 inch of water was stored initially. In the meantime, there was arainfall of
5.7 inch, and 12 inch of water was lost through evapotranspiration. If the _p‘e_rc_olated amount of
water is 7 inch, the velurme (m®) of available water in the landfill is most nearly:

A. 60 B. 200 €. 240 © D.340

Solution: D

From. the NCEES FE Ref, Handbook (Environmental Engineering),

P=57in; R=0in;ET=12in; | Finalwater height =80~ 13.3=66.7 in

PERsw=T1in. '

ASic= P— R—-ET - PERsw Firial Voluine = 200 m? (66.7 in)

ASie=57-0-12 -7 =200 m* (66.7/39.36 m)

ASic=-133in = 338.9 m?~340 m?
Population Modeling,

Linear Projection = Algebraic Profection: P, = Fy (1+ kAr)

P, =population at time't

P, = population at time zero.

K = growth rate

Ar =elapsed time in years relative to time zerq;

Log Growth = Exponential Growth = Geometric Growth: P, = pekAt
In P=In B+ kAt
P, =population at time. t
P, = population at time zerq
k  =growth rate
At =elapsed time in years relative to time zero

Compound Growth: P, = B(1 + k)"

n  =number of periods

19-7
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Ratio and Correlation Growth: B _4 oy
e g
P, = projected population

Poi= projected population of a larger region
P = population at last census

Pix = population of larger region at last census.
k= growth ratio constant

Decreasing-Rate-of-Increase Growth: P, = P, +(8 - )(I kit )

P = population at time ¢

Hy= population at time zero
&= growth rate constant

4= saturation population

t, i = future time, initial time

Problem 19.11

In 2015, the population in a city tn Colorado was 80,000. The growth rate of that cityis 3%. For
this eondition, the volume of population in 2040 is most nearly:

A. 140,000 using linear growth

B. 170,000 using log growth

€. 167,000 using compound growth

D. All of the above

Solution: I
2040 - 2015 =25 yeas | |
Using Linear Growth, P. = P, {1+ kAf) = 80,000 1+0.03(25)] = 140,000
Usinig log growth, B, = P{-,-e'-m——«-SO 000 e(0.03x25) = 169,360 = 170,000
Compound growth, P, = P,(1 + k)= 80,0001 + 0.03)” = 167,502 =167,000
Problem 19.12

In 2000, the counted population in a ¢ity in XY state was 80,000. The population in XY state in
2000 was 3 millions and the predicted population of XY state for 2020 is 3.2 millions. The
Pprojected population for the concern city in 2020 is most nearly:

A. 82,000 B. 83,000 C. 85,000 D. 88,000
198
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Solution; C

P, = projected population=? 5B
Por=projected population of a larger tegion = 3.2 million | £, £,
Pt = population at last census = 80,000

P = population of larger region at last census = 3 million 16 y
¢= pop ger regi p,=3000B2) _gs333
Radiation

Effective Half-Life. Effective half-life, 7 is the combined radioactive and biological half-life.

1 1 1
— e
T‘e T.J,, 'I'h
‘where:
7, = radioactive half-life
T, = biological half-life
693

Half.Life. The half-life is calculated as, N = N e *

N, =original number of atoms-

N = final number of atoms
t =time
T = half-life -

Flux at distance 2 = (Flux at distance 1) (£/5)
where: r, and r, are distances from source

The half-life-of abiologically degraded contaminant assuming a first-order rate constant is given

where: k = rate constant (time™); £;,, = half-life (time)

Problem 19.13

The radioactive and the biological half-life of an element is 120 years and 170 years respectively.
The effective half-life in years of that element is most nearly:

A 145 B. 120 C. 156 D.70
Solution: D

19-%

@seismicisolation


https://t.me/seismicisolation

=120 year 1 | .
5 years 1. i,,_ U bl 0.0142
7, =170 years 7, T, T 120 170

= To= 70 years
Problem 19.14

The decay tate constant of an element is 0.0023. per year. The half-life of that element in years is
maost nearly:

A. 200 B. 300 C. 400 D. 500
Solution: B

& =0.0023 per year - 0.693  0.693
b =7 % k0002

=301 years

Problem 19.15

The decay rate constant of an element is 0.0023 per year. Most nearly at what time does its amount
reduce by 80%?7

A. 400 vears B. 500 years C. 600 years D. 700 years
‘Solution: D

k  =0.0023 per year
=7 |

0.693  0.693
ko 0.0023

Half-life, 7=/, = =301 years

Reduced by 80% means, remaining is 20% or N/No = 0.2

069 69¥ _ pUULES %
N= N{;E' . = "-A—f =¢ F => 02=¢ 30 In( 02) :_9,,.§,?_§,£
N, 301

=t =699 years.~700 years.
Problem 19.16

An element has a half-life of approximately 30 years. If its inifial mass is 300 mg, most nearly,
how much it will be left-after four years?

A. 121 mg B.274 mg’ C.294 mg D. 221 mg
Solution: B

19-10
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D.69% ~0.693{dyears),

N=Nge ¢ =300mge 7 =274mg

Hardness is an important water parameter. The. procedure of determining hardness of water is
explained here with an example. Note that it is not excluded in the most recent NCEES FE Ref.
Handbook. However, you may expect few questions outside of the Handbook.

‘Wastewater Treatment and Technologies

Differenit wastéwater treatment technologies are available such as activated sludge, facultartive
pand, biotower, etc. The author would like to advise students to review this topic if they- studied
this topic in their degree program. Otherwise, it may not be worthy to learn this topic only for
the FE exam.

Facultative Pond
BOD Loading Total System < 35 pounds BODs/(acre-day)
Minimuim = 3 ponds

Depth =3 -8 ft

Minimum £=90 - 120 days

-Bio-tower

Fixed-Film Equation without Recycle, 5~ =¢

L

Fixed-Film Equation with Recycle, 7 = >
(i+R) R[e ¢ }

8= effluent BODs (mg/L)
S.= influent BODs (mg/L)
R=recycle ratio = Qi
Q= jréé_y_cle flow rate
S‘ . Sr; + RSL
1+ R
D =:depth of bio-tower media {m)
g = hydraulic loading [m%(mZmin)]
k= tréatability constant; functions of wastewater and medium (min); range 0.01- 0.1; for
municipal wastewater and modular plastic: media 0.06 min! @ 20°C
1= coefficient relating to media characteristics; modiilar plastlc, n=05

19-11
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Problem 19.17

In a hypothetical bio-tower with fixed film without recycle option, the effluent BODs (mg/L) and
the influent BODs (mg/L} are 0.2 and 0.3 respectively. The treatability constant of the bio-tower

i5-0.06 min:. If the bio-tower height is 10 m, what is most nearly the hydraulic loading? Assume,
a=1.0:

A. 1 m¥(m%min)
B. 1.5 m%(m®min)
C. 2.0 m¥(m2min)
D. 2.5 im¥(m?min)
Solution: B
N 3
Fixed-Film Equation without Recycle; ,T( =et
: Ly,
g2 Lo
. —e @
Z 03
0.6
e W(0.67y=——
g

& g=148=150
Problem 19.18
When Nitrogen Dioxide (NOz) is dissolved in water (H20),.nitric'acid and nitrous acid are formed
-as follows:

NO2 + H20 - HNOs + HNO:

The atomic weights of H, O and N are 1, 16, and 14 respectively. ‘The amount of water (g)
required to completely degrade 200 g of Nitrogen Dioxide (NO3) is. most nearly:

A 78 B..39 C. 196 D.9.8
Solution: B

NOz + H:O - HNO; + HNO2
INO2 + HoO = HNOa + HNO:

INQ:z =2(14 + 32) = 92
HoQ=2x1 + 16 = 18

. 18, .
Amount of water required = 55 (2’0_0_)_ =39g

19-12
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Problem 19.19

For the following reaction, how much lead nitrate {Pb(NQs)s) is Tequired to produce 500.g of
‘Nitrogen Dioxide (NQ2)? [Pb=207; N = 14; O = 16]

PbH(NO#)z — NOz + PhO + Oz
A 70 B. 140 C.35 D:. 210
Solution: A
Pb(NOs)z — NO:+PbO+ 02
2 PHNOK)2 = 4 NO2 + 2. PbO+Os

2 PH(NOs)z = 2 x (207 + 2(14 + 48)) = 662
INOz =2(14 +32) =92

Amount of lead nitrate required = % (500) =69.5%70 g

Problem 19.20

The activated sludge method for wastewater treatmerit process can be schematically shown below
where three labels are missing. Fill in the boxes selecting proper words/phrases. listed.

Infiuent

[Return Activated Siisdge (RAS) |

(Image: Courtesy of YS! Inc., Yellow Springs, Ohio. September 16, 2018)

Effluent

Waste Activated Sludge
Mixed Liquor

Settled Sludge

Leachate

U 03 N

19-13
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Solution:

Influent mixgq;iiqudr-l L

Problem 19.21.

Comnsider the reaction: 3A + 2B = C 4 2D. The chemical ‘equilibrium constant of the above

reaction is most nearly:

Solution: C

Problem 19.22

Match the numbers with the correct blanks.in the equation to balance the reiction. Some
numbers may be used more than once, some may not be used at all.

Waste:
Activated
Studge (WAS)

HCL + Na~=___ NaCL+ H»

1 2 3 4

Solution: .
2 HCI +2.Na = 2 NaCl 51 Hz

‘See “Chemical Reaction Equilibrium” in the Environmental Engineering Section.

The author is roquesting the readers to.report any cancern abour the book ar books. mrasiam@gmail com. Any siuggestion to jmprove

this book, or any issué reported will be fixed in the next edition/printing W:';rjr properacknowledpeming,
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Nonclassical Questions

Besides classical multiple-choice questions, sometimes, there will be options to select more than one option;
drag and drop questions; point and click clickable arca questions and fill in the blank guestions. Seme
cxamples are given herc.

Problem 1 [click clickable area question]

An economic analysis is required to- compute an equivalent value today for an estimaled constant monthiy

‘expense that is projected to oecur cach month over the next-ten years. Mark the area of the single. column of
the factor tablc that containg the value that could beused for such an analysis.

Interest Rate Tables:

: B PG _ AR

1 4.9530 0,695 £ L 12050 4 BT Gk 100

z %301 Lods .04 RG] 1D L3535 0.408%

3. st 19T} 19604 1.0151 0T £9.8367 4317

4 Rks1) 39508 B8 18820 40301 0.2531 IMAEYY

5 09754 49259 EED4 L0253 S50 B3N 0.1984

6 ‘09708 58864 14,6552 i BOTES LG Y1644

T Qass? £.8621 20,4493 75054, 1457 (ARG

& Qg6 B3N DTS EREIES : R ¥ o.122% 34738
u frRsih AT 3B .48 RANE a4neg 0668
I 88513, 974 3R ; 12280 11028 EEUE 4.4540
i1 ooags | 108 ERE el 10563 fr.awme 00937 £0887 4950
12 0423 {1080 632130 1007 11335 L0861 B8 &4406

Solution:

Interesi Rate Taliles
Factar Talife - 7= 0,500

N i C TP Fy: : A A5
1 4,995 S0 10050 100 14050 Letag 0.0008
b 4.0001 LR RO 2A5% G038 114984 48R
3 8! 2608 1014t 3485 36T 73317 £ BT
3 GI80L, : 1202 Ahiel fasay 112481 1AU3%
3 A1ZE3 02030 11100
& JERN 1.0 11606 f k618
ke 04308 ER R i 6,107
¥ 1Tass Lo 137 1238
i EEN N 10459 AR 0300,
10 1551 4338065 LOS3 %3078 0497
it 15468 53,5520 10564, arws7 agET
iz .0418° S0 L7 HUE61 GORLg -

Nenclassical-1
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Problem 2 {drag and drop question]

The proctor test on.a soil sample yields the followin g curve. Fill the four empty-boxcs taking the most suitablc
phrases from the listed-five phrases,

Solution:.

U S8

Dry Density (kN/m?) i

FEH T
tut g oo
LR :
: ;
b :
1F40 o E h
in5 i
% |
it 4 J 8
TR . X — j .
@ & % £5, X =
Dry Density (KN/m?)
Dry Density (pef)
Moisture Content (9%%)
Zero-air Line
Optimum Moisturc Content
T
155 - gl
£ Zero-air
ter ' Ling.
[ |
L %
] —? i
£ F1 : B
Optimum}Maisture Content
553 . Y ; -
3 He i b %

Moisture Conlent (%)

Dry density of soil commonly ranges 15 to 20 kN/m® ot 90 to 130 pof:

@seismicisolation
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Problem 3-drag and drop question]
The stress-strain schematic citve of a tensile test on a-steel specimen is shown below. Four parameters of the

curve-arc-missing-and are .shown by.empty boxes. Fill the-four empty-boxes taking the listed four properties,

Solution:

i |
- upper
yield poirit l
iower )
igld point
y A pa \(&(\ (\Q %
* o8

yielding

Stress

Birain -

(Image by Br, Drang)
1. Ultimate teosile strength
2. Linear Elastic
3. Necking
4. TFracture

i ultimate tensile strengli“.
fracture

upper
yield point .
fower. _ ;
yield point a\ h
V4 *3“ NS

\{\Qs

Siress

yielding

ffﬁﬁ‘ar__é J’a's(l;c'

¥

Strain
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Problem 4 [drag and drop question|.

A stonc is thrown inclinedly with somie angfe with respect to-the surface (less than 90°%). Its travel path is
shown below. Fill the three empty-boxes with appropriate statements from the listing below,

< N

oy FF o S 4 oat A 4"4’-.4‘- LA LA RLLLE L LA H R x%’}-_

Vertical velocity is zero,

Horizonta] velocity is zero

Kinetic energy is zero

Potential energy is zcro

Both components of velocity and both cnergies are present

M o

Solution:

Vertical velotity i& zero

e — ———

- oy

N Both components of
N, 1 velocity and both
| encrgics arc present

5\
B N T N P W W P P g o -

‘Potential energy is zere

Nonglagsics)-4
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Problem 5 [drag:and drop question]

The Mohr circle of an clement of a structural member is shown below, where C.is. the center; R is‘the radius,
o is the axial stress; 7is the shiear stress. Fill the three empty-boxes | selecting appropriaic itcms from the listing,

below.

Solution:

Probiem

A simply

Thax
-
T
O-_\: - cry
1 :
2
2) Civy
3) Tay

Tiere

T':Y [

T

6 [click clickable area question]

supported bcam is havmg a uniformly distributed load‘as shown below. The cross-section of the

beam is a T=section. The tegion having the most shear stress is most nearly:

+

T T T T LTI T T

R A

{the cursor will show regiori on the cross-section; select the most appropriate o_nc)_

Nonclassical-5
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Solution:

O-Region (around the neutral axis w.r.t. the horizontal axis) is the region which gets the maximum shear
stress, The schematic shear-stress diagram on T-scetion is-shown below:

P-Region gets the maximum tensile bending stress; R-Region, gets the maximum compressive bendi ng stress.

Recall:

e For p051t1vc ‘moment, the maximum tensile bending stréss ‘occurs at the botiom [ ber, and the
maximum. compressive bcndmg stross occurs at the top fiber régardless of shape (W, or T, or
Rectangular). This is opposite is for negative moment,

Bending Stress Normal Siress  Shear Stiess

e  Shecar stress is always the maximum at the neitral axis. It decreases away from the neutral axis. If
sudden thickness changes (T, or W seclion), shear stress jumps inversely.
e Ilatorqueis applicd in a shaft, the maximum shear strcss occurs at the oudmost ring.

Nonelassical-6
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Fluid Mechamnics
Mohamad Metghalchi, Sc.D.
Robert M. Scott

introduction

Fluid mechanics is the study of the changes that occur in a fluid that is
subjected to forces. There are two major divisions-within the field of fluid
mechanics: fiuid statics and fiuid dynamics. Fluid staties is the study of
the state of a fluid subjected to balanced forces stch that the fluid remains
in an equilibrium conditior. Fluid dynamics is the study of fluid in '
motion and the interactions of the fluid with the objects it may encounter.

7.1 Definitions

7.2 Fluid Properties

7.3 Fluid Statics

7.4 Fluid Dynamics

7.5 Internal Flow

7.6 External Flow

7.7 Devices

7.8 Fluid Measurements

7.9 Dimensional Analysis—
Dirmensional Homogeneity

7.10 Similitude

7.1
Definitions

As with any other field of study, fluid mechanics has a
vocabulary of terms that must be understood before
the basic principles can be introduced.

160

What Is a Fluid?

A Tluid is a substance that will deform continuously
when a shear stress is applied to it, no matter how
small the shear stress is. A substavice in a liquid or va-
por phase is a fluid,

Control Volume:

- All-of the principles of fluid mechanics are- defined in

relation to a control volume. The cotitrol volume is an
arbitrary i¢gion in space defined by its boundaries,
which may be stationary or moving. In general, mate-
ial mdy cross a boundary of the control volume.
Though the boundaries of a control volume are com-
pletely arbitrary, when possible they are chosen in a

“way that simplifies analysis.

Stress

“The forces that act upon a fluid may be caiégorized.as

either body forces or surface forces. Body forces are
forces that act on all fluid particles within the fluid
and oceur without physical.contact. Examples include
electromagnetic and gravitational. forcés. Surfice
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Practice Problems

159

8. A licensed professional engineer and land. sur-

veyor works 35 hours per week on a flex-time
basis for a state- governmental agency. In’ addi-
tion; he is associated with XYZ Engineering and

Surveying as the PE in charge. He spends about
20 hours per week supervising engineering sef-

vices at the firm plus an additional 12 hours of
work on the weekends and is available for con-
sultation 24 hours a day. XYZ has granted him.
10% of the shares of the stock in the firm, and he
receives 5% of the gross billings for his seal as
extra compensation for taking charge of engi-
neering. This agreement i contifigent on the un-
derstanding that, if any of the three principals of
XYZ becomes licensed as a PE, the agreement’
will becorne void,-and -the engineer will return
the stock. Both organizations--the state govern-

mental agency and XYZ—are aware that he is-a_ '

dual .employee and have no objections, If this

arrangement comes-to the attention of the Board'

of Ethical Review, the board-will détermine that

(A) a flexible schedule is not sufficient grounds-
for dual employment.

(B) the éngineer is strétching the role of respori-
sible charge and carnnot assume this role for-
two employers

(C) it is acceptable and ethical to be involved

with both the state governmental agency and -

XYZ: Engineering and Surveying in the man-
ner described

(D) the engineer cannot work for a_goverriment
agency and a private organization at the same
time

Answer Key

1.

D

P
[rellve e

I
P 0

Answers Explained

1. D The public'good and the public welfare are

practically synonymous; but since *public wel-
fare is the term used in the Model Rules, it is the
better choice,

2. A’ The code stresses that the order 6f Iesponsi-

bility is to society as a whole, the clierit or cus-
tomer, and then fo proféssional colleagues. The
code makes no mention of self:interest. Obviously,
ihen, that must come last,

. B The code is very specific: “Registrants shall,

not reveal facts, data, or information cbtained in
a professional capacity. . . ‘Even without a-writ-
‘ten nondisclosure agreement, the engineer is
bound to maintain confidentiality.

. B The code requires full disclosure and frank-

ness with regard to possible future conflicts of in-
terest. 'Curré_nt.qolleagues.-may be the second to
know. There is no reason for the engineer to leave
the job before.the new business is-in place: so long
as he does not use his current position as a
springbeard. for lining up his own clients. Choice
(D) represents a dishonest use of the employers
facilitiés and a form of unfair compefition.

. A Safety must coihe first. The engineer is re-

quired to report unsafe praciices to the authofi-
ties. No company wants to-expose itself to.
product liability lawsuits; but when an expensive
recall might be involved; the company might
well attempt to discount.an alert engineer’s
fears. The engineer must _fIr__s_t_.ale_rt the company
to the problem and cooperate in trying to find a
solution consistérit with maintaining the public.
welfare, However, if the company resists taking
appropriate measures, the etigineer niust “blow
the whistle.”

. C Choice (D} looks good, but (C) meets the con--

fidentiality requirement. Both (A) and (B) addi-
tionally violate the requirement for fair dealmg
among-contractors.

. A Despite the mitigating languiage in soime other

choices, it should be obvious that (A) is the cor-
tect choite. The brochure constitutes false adver-
tiging 4t its worst,

. € The problem does not say that XYZ-

Engineering and Surveying-is doing any work for
the state governmental agency, so-there is no
question of conflict of interest here. The engineer
has two part-time jobs, which do not invoive the

-same project,-and both. employers have agreed

that this situation is acceptable,
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forces are forces that are applied directly to. the sur-
face of the fluid through physical contact.

The total force per unit.area acting on the fluid at

any point within its volume is an important parameter,
and has been given the name stress, The stress at any
point P is defined as follows:

N
a(P) = Jim, - [7.1]

where o(P) = the vector stress at point 7, _
0A. = an infinitesimal area at point P,
OF = the force acting on infinitesimal area A,

Both the area-and the force in-equation 7.1 are vec-
for quantitiés;. that is, they have magmtude and di-
rection. These quantities. are usually expressed by
three components with respect to. some ¢oordinate
system.

In general, to describg the stréss of a fluid it

any point with respect to-a ‘coordinate. system, riiné
components are required. For convenience, streéss is
often expressed in terms of two veéctor.components,

ini refation to the differenitial area (8A). The compo--

nent.norttal (or perpendicular) to dA is the normal
stress (o}, and the component along SA is the shear
stress (7).

In a stationary: fluid; the normal stress is the fluid
pressure, whose magnitude is- 1ndependent ‘of the- di-
rection of the differential area used. The shear stress is
related to fluid motion.

7.2
Fluid Properties

The fluid properties are the fluid characteristics
whose values are used to predict the reaction of a fluid
that is subjected to applied forces: The list that. follows
does not inctude all the possible fluid properties, but it
defines the ferms used throughout this chapter..

Velocity

Velocity is the time rate of change of thie position of a
fluid particle. The velocity of a fluid is a vector field
quantity. For-each point within the volume that niakes
up the fluid, a value can be assigned to the magritude.
and direction of the fhiid ‘veloéity. The velocity of a
fluid will appear in three forms throughout this chap-
ter. These forms are as follows:
® Velocity (V) = the vector quantity of fluid

velocity at a given point in the fluid. Both

magnitude and direction are associated with

this quantity.

7.2 Fluid Properties:

® Speed (V) = the magmtude of the vector ve-
locity at a given point in the fluid.

@ Average speed (V) = the average fluid speed
through a surface of a control volume.

Mach Number

The Mach number (M,) is a dimensionless parameter

uséd to’ deseribe fluid speed. It is defined a3 the ratic
of fluid speed to the speed of sound:-
v

My=— [7.2]

r

‘where M, = Mach nuniber (djmensionleSS),

¥= fluid speed (ft/sec or m/s),
¢ = speed of sound {ft/sec or m/s).

For a perfect gas, the speed of siound_ is defined as

= ViRT [7:3]
where ¢ = speed of sound (ft/sec or'mys),
k = specific heat tatio (¢,/c,),

R --gas constant (fi-1bf/Tb mole-°R-of kl/kg K},
= absolute temperature of the gas (K or °R).’

In equation 7.3;

R
R=3 [7:4]

‘where'R = universal gas constant;

= 1,545 fi-1b/1b inole-°R,
= 8.314 kJ/(imol - K),
M = molecular weight of the: gas

Example 7.1

What:is the Mach number of a Jet of oxygen gas
at standard conditions (1 atin and 25°C) with-a.
speed of 450 m/s? (Assurne that for oxygen k =
1.40 and R = 0.260 kI/kg - K.):

Solution:
Oxygen at standard condition can be modeled as
a perfect gas; therefore from equation 7.3, the
speed of sound is as-follows:

kRT
kg - m\
kj 1,000 N~ my| s
- @ 40)(0 ZGOF){(ZS-f?,B)K]( T ) —

= 32935 m/s
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‘Now determine the Mach number directly from
-equation.7.2:

v

M,==

¢

_ 450 m/s
T 329.35mfs

137

Acceleration

Acceleration is the time rate of change in the velocity
of a fluid particle. Acceleration is also a vector field
quantity, and can act-to change. either the-magnitude
or the direction of the velocity.

Pressure

There are two reference values for pressure to which
ali ‘cther values of préssure are related.-Gage pressure
js defined in reference to ‘the ambient atmospheric
pressure, and absoluté pressure is defined in refer-

ence to true zero pressure; The two values for pressure:

are related by the equation:

Lo = Pg t Pum [7.5]
wheré p, = absolute préssure (Ibffin’ = psia or N/m? =
kPa), '
e = gage pressure (Ibfin® = psig or N/m® =
kPa), '

Pavn = -ambient atmospheric pressufe:
= 14,696 psia or 101.3 kPa at standard sea-
level conditions.

b T
Pg
Pa
Paiim
0 :

Figure 7.1 Definition of gage pressure.

‘Example 7.2
What will a pressure gauge read if the flnid in-a
vessel is 4t 200 psia? {Assume that the vessel is in
an environment at standard sea-level préssure.)

Solution:

From equation 7.5:

Pe = Pu ™ Pam
= 200 psi— 14.7 psi.
= 185.3 psig

Density

The density of a fluid (p) is the mass contained in one
unit of volume. The density of a fluid at-a given loca-
tion is expressed as:

o fAm o
-
where p = fluid density (Ibm/ft® or kg/ni°),
Am = mass contained in infinitésimal volume
A¥ (Ibm or kg), _ _
A% = infinitesimal volume (ft* or m*).

Analysis of fluid systems is often simplified by as-

suming that the density is the same for every point

within the volume of the fluid, as in incompressible
flow analysis.

Specific Volume:

The specific volume of a fluid (v) is the volume of
space -occupied by a unit mass of the fluid. It is the
reciprocal of the density and is expressed as:

1

V= }'; [7-7]

where v = gpecific volume (ft*/lbm or m’/kg).

Specific Weight

The specific weight () of a fluid is defired as the
weight of a unit. volume of fluid. It is related to the
fluid density as follows:

Y =pg [7.8]
where y = specific weight _(lbffﬁ"’ or Nfrn’j‘),'

g = acceleration due to gravity:
= 32.17 ft/sec” or 9.81'm/s” at sea level.
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Specific Gravity

Specific gravity is:a dimensionless expression for the:

‘density of a fluid. Its value is the ratio of the finid den-
sity to the density of liquid water at 4°C;-

SG = - P - .‘)f [79]
P water. Yweater
Whe]_'e pw'lte-r I 000 kg/m R
=624 Tom/f%,
Ywater = 93810 N,,rm3,
= 62.4 Ib{/iY,
Example 7.3

What is the den51ty of an oil if its specific gravity
is0.86?

Solution:
Froméquation 7.9:

4 Z\QSG_)(p.wat_erj
=10.86)(62.4 1bm]ﬁ.3)__
= 53.7 Iboo/ft

Viscosity

Wher a shear force is applied to a fliid, fluid motion
will occur. The magpitude of the fluid velocity is re-
lated to-the magnitude of the shear stress. For most
common fluids the shear stress within the fluid is: di-
rectly proportional to the velocity gradient, Viscosity
() is-the name given to the proportionality constant;

EJV

s [7.10]

H’(P)
where 7,(P) = shear stress ona differential area
normal to direction »,,
£ = fluid viscosity (described below),.

A S
ek velocity gradient in direction .
el ]

Fluids. of tliis type are called Newtonian fluids. It

should be recognized from equatiori 7.10 that, for a
given shear stress, as the viscosity of a fluid incredses,
the magnitude of the velocity gradient decreases.
There are many fluids, such as toothpaste; blood,
and many paints, that canmot be classified as
Newtonian fluids. For many non-Newtonian fluids the

shear siress can be related to the velocity gradient of

the fluid through a power law relationship. Two exam-
ples of such non-Newtonian fluids are psuedoplastic

fluids, for which the viscosity decreases as the velocity
gradient iricreases, and dilitans fhuids, for -which the.

viscosity increases as the velocity gradient increases.

7.2 Fluid Properties.

For a p_ower-'law’.(non—NewtOnian) fluid:

a'v
where K = consistency index,

n.= powert law index: i < 1 for a psuedoplas-
tic fluid, #.>> 1 for a dilatant fluid.

17.11]

Surface Tension

At the surface-of any fluid, there is a force that ténds to
told the surface together. This force is called the sur-
face tension of the fluid, whlch is defined a3 the tensile

force between two points on the surface of the fluid, per

umit length of distance bétween the two points:

ol
ar ==

where o = surfice tension,

F = force along the fluid surface
L= length of the fluid surface,

Capillarity

Capillary action or capillarity. is observed as. the

change in shape of a fluid’s free surface when in con-
tact with a solid wall. It is a result of the interaction of

‘the surface tension-and the general cohesive forces be-

tween the molecules of the liquid.
The curved fluid surface that generally forms as a

result of capillary action is-called a meniscus; shown in
Figure 7.2(a). If the area-of a free surface is large, then,

rather than forming a complete meniscus, the edges of

the surface will be curved as showi in Figures 7:2(b)
-and {c). Whether or not the: surface forms. a complete.

mehiscus, the slope of the curve at the wall of the tube

‘is called the angle of contact, (8). The angle of contact

is an indication of the relationship between the surface
tension and the cohesive forces of the liquid. If the an-
gle is Tess than 907, as in Figure 7.2(b), the surface ten-
sion is stronger than the cohesive forces; if the angle is.

greater than 90°% as in Figure 7.2(c), the cohesive

forces are stronger. than the surface tengion.
When a smali-diameter tube is placed in a fluid

“for which the surface tension is-stronger than the mol-

¢cular cohesive forces, the fluid level insidé the tube
will rise a certain distance, as shown'in Figure 7. 2(a) .
The height of thls column is given by these equations:

4o cos B

= [7:131
anid _
B 4-_"“_“0;;5_ £ [7.14]

where /i and d are as shown in Fig_ﬂfe 7.2(a).
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(a)

Air Air

B

Liquid

B
/Liquid

(b) (€

Figure 7.2 Tllustration of 2 meniscus. {a) Meniscus in:a small tube. _
{b) Surface tension dominates cohesive forces. (¢} Cohesive forces dominate surfice tension,

7.8
Fluid Statics

Fluid staties is the study of fluid systems with no

fluid motion; The primaty challenge of fluid statics is
to determine the pressure distribution within a fluid.

Hydrostatic Pressure

When a. fluid is not moving, the: stress acting oneach
fluid particle becomes independent of the direction from
which it is evaluated. In other words, for stress as defined
it equation 7.1, the stress in a stationary fluid at some
point has sote value that is the same no matter in what
direction the differential area {8A) is taken: This value is
the hydrostatic pressure of the fluid at that point.

The hydrostatic pressure of a fluid is-a function of
height within the volume, regardless of the shape of

the container: This is due to the fact that, at-any point,
in-a fluid, the fluid must support the weight of the fluid.
above it. For-any two locations at the same height, the’

hydrostatic pressure will be the sanic; This is the prin-
ciple behind the operation of two devices used to mea-
sure hydrostati¢ pressure, manometers and barometers.

For the control voluine shown in Figure 7.3, the
hydrostatic pressure at point B in'the fluid is given by
the equations:

J2 atm

A

Figure 7.3 Hydrostatic pressure at point B.

P = pgh or  p.=vh {7.15]

and

Dy =Pum pgh [716]

Example 7.4
The two vessels shown in the acconipanying figure
ate. filled with water (p= 62.4 lbm/ft"). What is
the hydrostatic pressute in each container at points
A and B 2 feet below the surface of the water?-

Parm Pawn

Solution:
Since the hydrostatic pressure in a fluid is a func-
tion .of its deptly only and is independent .of the
shape of the container, the pressure at point 4 will
equal the: pressure at point B.

From equation 7.15:

Py = pgh
. by S ft §
= (62.4-}?,—-—)(32:.17 Eg)
N f£ \/___ bt
X2 ﬁ}( 1_44_jn2) 35 §7 [om ft
= 0.866 Ibf/in” = 0.866 psig.
, " Ibf . L
Theterm{ ~— [pm g {0 the above golution
32.17 "'gggfr

represents a unit conversion between. pounds
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mass and pounds feet. This is- the inverse of the
quantity g..

Manometry

A manometet, illustrated in- Figure 7.4, is-a device
used to measure a pressuré différence. It consists of a
U-shaped tube with each end open to one of the two
environments whose pressure we wish to compare.

hl

- Prir

Figure 7.4 Didgram of a manometer,
used to measure the difference in hydrostatic
pressure between vessel 1:and vessel 2.

The difference in pressure between these two en-
vironments is related to the difference in height be-
tween the two legs of the manometer as follows;

= F.’.H_rgkrix-."f'-(pégkﬂ-"- pghy). [7.17]

or

Pi p2 F)’mkm + (‘y2h2 '}‘1 k T.) [?'1 8]

If ‘thee. density or specific weight of either fluid 1

or fluid 2 in Figure 7.4 is small compared to the den-.

sity o specific weight of the manometer fluid, its con-
tribution to equations 7.17 and 7.18 can be neglectcd
For example; if fluid 1 is air (density = 1.23 kg/m’),
fluid 2 is water (density = 1,000' kg/m®), and the

manometer fluid is oil (density = approx. 830 kg/m®),

then the effect-of the air can be neglected, and equa-
tions 7.17 and 7.18 car be reduced to

PL™ P2 = pughy + paghs [7.19]
and

P1 = Pa= Yalty + vl [7.20]
If, however, the -densities or specific weights of both
fluids are small compared to the density or specific

welght pf the manometer fluid, equations 7.17 and
7.18 reduce to

P17 P2 = Pl [7.21]

and

2 '_Yr.i'rk.lrr [722]

‘When one eid of the manometer is exposed di-
rectly 10 the-atmosphere; the deviee is called an open
manometer, illustrated in Figure: 7:5. Equations 7.17
and 7.18 apply to an open manometer if > is replaced
with atmospheric pressure poem.

Figure 7.5. Diagram of an open manometer.

For the manometer showr in Fig'ure?-.’S, the pres-
sure at the surface of fluid 1(,) is given by

P :.Pah'n';f‘ pmgh;}r_a - Pi.g'k] [7'23]

and
n= Pau_n_‘ + ,’ii'uhm_ - Yik] [7.24]
'Example 7.5

The open manometer sliown in. the accompanymg

- figure is useéd to measure the pressure (p; )} in an
air tank. The manomieter fluid is mercury; which
has a density of 13;550 kg/m’. What is the pres-
sure in the vessel?

Pogm = 101.35 kPa'

'hﬁ_; =i4.cm
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Solution:
‘The density of air is-much smaller than the den-
sity of ' mercury, so the contribution of air can be
neglected. From equation'7.23:

21 ='pz|tr_n'. + ngkm

”10135kPa+(1355 —g; 9.8 )
(14 : Vo kPa
Cm) 1(}0 cm S8 M 1. 000 L
= 11996 kPa
Barometers

A barometer, illustrated-in Figure 7.6, is a. device
used to ineasure-atmospheric- pressure. Atmospheric
pressure: acts on the exposed surface of the barometer
fluid to maintain the height of a columni of the fluid in
a tube. The pressure in the empty section at the top of
the fube is equal to the vapor pressure of the barome-
ter fiuid at the ambient temperature;

A

P,

Figure 7.4 Diagram of'a barometer.
The height of the fluid column is related to the at-
mospheric pressire as follows:
Paun = Py = pghy,
or
Pawn —Fe = Vi [7.26]

where g, = vapor pressure of the manometer ﬂuid_ at
the ambient temperature,

The barometer finid is usually chosen so that p,.

== {},

Forces on Submerged Surfaces

At any location on the surface of a submerged object,
the pressure at that point is proportional to the point’s

[7.25]

distance below the surface. This pressure is deter-
mined as follows: .

p=potpgz [7.27]

or
pEpet [7.28)
where p = pressure at the given location,
py = pressure at the surface of the fluid;
z = vértical distanice between the point and the
surface of the fluid.

For an-arbitrary. region on the surface of a sub-
merged object, each differential area, dA, is acted.
upon by a force expressed as

dF = pdA 7.29)

where dA = differential area on the surface of a sub-
merged object,
dF = force-acting on dA, _
p = fluid pressure at the location of dA.

The direction of the force is normal to and-into
the surface. If this force is integrated over a region,.
the total force acting on that region is obtained. If

‘this region is a flat plate, as in the control volume:

shown in Figure 7.7, and the pressure at'the surface

of the fluid is zero, this force is expressed as fol-

fows:

F=F,+F, [7.30]
IF,| = f—l%-&/l;_ [7.31]
I¥,| = pg¥, [7.32]

where. F = total force exerted on the plate by the.
fluid, directed normal into the surface of
the plate;
|F.| = magnitude of the horizontal compornent of

- 1
| F}'.| = magnitude of the vertical component of
F,
= gage pressure at the top edge of the plate,
p2 = gage pressure:at the hottom edge of the
plate;
A, ='vertical projection of the plate area,
¥, = volume of fluid contained in the region
" bounded by the plate and the hotizontal
projeetion ofthe plate onto the free sur-
face of the fliid.
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Volume of fluid column
above area ¥

Verticle _prpjecii_on
of plate area (4,)

Figure 7.7 A ﬂat-plate region.
of a-submerged surface.-

‘Equations 7.30 through 7.32 apply when the contribu-
‘tion of the atmosphenc pressure to the force on a sub-
merged surface is negligible. When this effect is not
negligible, the gage pressures in equation 7.31 should
‘be replaced with absolute pressures, and a surface-
force term (Pemd;,) should be added to equation-7.32..
Tn this term, A4, is the Horizontal projection of the sub-
-merged plate onto the free surface of the fluid.

Example 7.6 _
Find the total force acting on the submerged plate
shown in the accompanying figure. Assume-that
the bick side of the plate is also exposed 10 Py

Solution:
The total force acting on the plate-is directed nor-
mal to the plate, and into the plate, as shown. in
the figure. The magnitude of this force can be de-
termined from equation 7.30:.

From equation 7.31:

)
P1 = pgh s
k
(1 000 ~g—)(9 81 )(1 Om)
N N kPa. .
X{%h:m N
\ T /A0
= 981 kPa. |
Pz.=_'_f_3'ghz
fi7 = 1.0 m + (1.2 m) sin 60
=2.04m

e ke my, .
pr= [1,00_0 = )(9.81 --s?')@'o‘f‘ m)

N { kPa
.. '—Sg— .1,000_57_.
= 20,01 kPa '
A, = (2.0 m)[(1.2 m)'sin 60]
= 2.08 m*
9.81 kPPa + 20.01 kPa
x| = _ 3
1,000 %
K (2 08 m~ ) T
=3],010N
From equation 7.33: :
IE | = pg#
{52’ m}eos 60
1.2 m) cos 60
¢
Y= § + .:; 2.0m
{ {1.0 m)(1.2 mjcos 60] :
[(1 .2 m)cos 60][({1.2 m)sm 6017
s (2.0 m)
= 1.82 m*
%, | = (1-,000;!%)(9.81 %)(.1.82 w)| T m
N & : Sz
= 17,850 N

The total force can be cxpress_eﬂa_s_
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= V(31,010 N)? + (17,850 N)>
= 35780 N

The Center of Pressure

For a region on the surface of a-submerged rigid body,
thie center ‘of pressure is the location in this region
through which a concentrated point force. (F from the

preceding section) will have the same effect on the

‘submerged body.as the distributed pressure force over
the entire region, This definition is illustrated in
Figure 7.8;

The coordinates’ center-of pressure relative to the
centroid of the '_submcrged' area (v* and z*) is given by
the following equations:

L‘_ . ) . I. L .
pE = ﬁ%&l‘lﬁ, %= B‘g-&‘ﬁggl—g [7.33]
or

A, . sin o I, sin
xS0 e 2 = mﬂw;“ 2 [7:34]

where I, = area moment of inertia about an axis par-
allel to the y-axis-and passing through the centroid of
the area, The value of /. is given by the equation

L= L — 4y [7:35]
from the parallel axis theorem, where-
L= L-"z d4 [7.36]

I equations 7.33 and 7.34, I, ., is the area product of

inertia about an axis parallel to:the y- and z-axes and

passing through the centroid of the area. The value of

)

is given by the equation

{mzr = I v T A,_Vuz_c‘ [737]
from the parallel axis theorem, where
L=,y da [7.38]

Values for the moment-of irertia and product of iner-

‘tia for several common shapes can be found in the dy-

namics chapter (Chapter 3) of this book:

Example 7.7
Determine the cénter of pressure. for the sub-
merged surface of Example 7.6, as described in
the figure for that example,

Solution:
‘From equation 7.33:

yr = PBlh SR pely Sina
' F
Lyee = Do ~ Ay

o

bR 7B\ B
-ty
_ P N b
T4 4.
=0

y¥=0m
-.{1'&-'.: 1{1! - .Aycz

_Bh_ vk
K 4
_PR
12

~ Centroid

Center of

y* pressure

Figure 7.8 Distributed pressure force and equivalent point force on-a submerged surface.
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_ (0.20 my*0:12:m)
B 12 '

= 8% 107" m*

( 1,000 ——;)(9 81 w)(s %. 107 m*sin 60
36:06 N

N
| kg m

= 0:0188'm
=1.88 cm

Archimedes’ Principle and Buoyancy

Any object that is completely or partially submerged
will experience a buoyant force. This is-a force di-
rected in a direction opposite to the weight of the-ob-
ject, which is the result of the total pressure force of
the fluid acting on the submerged body,

According to Archimedes® principle, the magni-
tiide of the buoyant force is equal to the weight of the
fluid displaced by the object. If the object is floating

on the surfacé of a fldid, it will displace a volume of

the fluid that has the same weight as the object.

Example 7.8 _
A 25~kg cube is submerged in water (p = 1,000

kg/m®), as shown in part (a) of the aceompanying -
figure. What is the magnitude of the buoyant:

force acting on the cube?

p:':.trn'

150 cm
Hlrem
()
-
l i
‘t -
Fige— 4
siie | Fiiie
Fsidu-
meg - Fbu'imm_
(b).
Solution:

From the free-body diagram in part (b) of the fig-
ure, it-can be seen that-the force acting on-each.
side of the cube is counteracted by-the force on

the opposite side; therefore the. total force acting
on the cube must be directed vertically. Take
forces directed up as positive; then the total'resul-
tant force is given by the equation

Fictal = Fyottorm '—-thp - mg
Calculate the force on each fave of the cube by

multiplying the hydrostatic pressure on that face
by the arga of the face: -

F bottom — A.boltom(pgk)wmer

o . |
= (40 cm)® (TO(I)HW) [(1 000 %)(9 81 T)
X (110 cm)( 10(r)n0m)( ngm )]

. 8"

= 1,727 N.
F ap = Atﬁp(pgh).wnter

-t 2o 2

X (70"0“1.)( 10{1}Tl ;cm )( kéNm )]

S
= 1,099 N 8,
Tle weight of the cube is
=245N 5

The-total force:is.
Ftolai Fhotrom 'Ftop - mg
—1727N—"1099N 245N
=383 N

As an’ alternative t0 the approach shown above,
Archimedes’ principle may be-used to solve the
problem: The cube will experience.a buoyant
force-equal to the weight of the water it displaces:

pw'm.r cubeg

- (_1,,0'0_0 %}(0.40 m_)‘?’(9.$.1 ‘;"}) (kgim)

F buioyant =

-
=:628 N

The weight of th¢ cube will counteract the buoy-

ant force, 50 the total resultant force acting on the

cube is.
Fioral = Foyoyani = Mg
= 628N ~ 45N
=383N
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7.4
Fluid Dynamics

Fluid dynamics.is the study of fluid in-motion and the
interactions-of the fluid with the objects it may en-
couriter: The basic prihciples of mass-and energy con-

servation and Newtons second law of-motion are

applied to fluid systems to allow prediction of the
flow characteristics.

Conservation of Mass
{the Continuity Equation)

In every fluid $ystem, mass is conserved. This conser-
vation can be stated in terms of a mass balance equa-
tion:

A common class of fluid preblem is the steady-state.

problem, in which the values of all of the fluid propei-

ties within the control volume do -not change: with:

time. For a steady-state control volume:

dny
(Tt)“' =0 17.40]

so that

[741]

rﬂin =\'mout

For the arbitrary ¢ontrol volume shown-in Figure 7.9,

conservation of mass is expressed as

T [7.42]
where iy = mass flow rate through cross-sectional
area of control volume at point 1,
pr; = mass flow rate through cross-sectional
area of contro] volume at point 2.

‘h | T

Figure 7.9 Conservation of mass
in an arbitrary control volumnie,

.Equivalent expressions of -equation 7.42 are as fol-

lows:
prd, ?1 = ._QzAz?z [7:43]
and
701 = pa0r [7.44]
where 4, = cross-sectional area of control volume at
poirt 1,
A; = cross-sectional area of control volume at
point 2,

E1 = average fluid speed at point 1,

V2 = average fluid speed at point 2,

0, = volumetric flow rate of fluid entering
control volume at point 1,

0; = volumetric flow rate of flirid, entering
contro] volumie at point 2.

If the flow is incompressible, the value of density
is: constant, and conseérvation of mass, or continuity
equation, can be expressed as;

Q=A4iVi =4,V [7.45]

Example 7.9
What is the average speed at section 2 for the dif-
fuser shown in the accompanying figure?
(Assume that the flow is incompressible.)

Solution: ]
From equation 7.40:

.A] ?1 '——-.Ap__ﬁz-
A= D
Vo= _A—;Vl = E?Vl

_@2m?y  om
T )

s

=036 m/s

Impulse-Momentum Principle

Newton’s second law of motion (F = ma) can be ap-
plied to fluid systems throiigh a principle known as’
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the impulse-momentum principle. This principle is.
expressed mathematically for a control volume as

follows:
E(E)ﬂ" =3F

[7.46]
4P
where E'-_ rate of momeéntum eéntering or leaving
the control volume = AV,

2F = total external force acting on the control
volume.

Fora 'steadj'-_state system, the change in. momen-
tum: of a control volume can 'be'.expressed.as

()= (@) ()

= (VY i~ (Y Joire [7.47]

50 that

= (1 V)in = (MV)oue [7.48]
The impulse-momentum principle can be applied to.
the case of a pipe bend, enlargement, or contraction to

find the total force exerted on a fluid by such a device..

A,

'V, —

prA;—>

Figure 7.10 Free-body diagram of fluid in
a genetal pipe bend, eflargément, or contraction.

Equation 7.46 can be applied to the control volure
described in Figure 7.10 to produce these equations:
|E] = 0¥+ pid) + @V — padi)eos o [7.49]

|¥,| = W — @¥, — prdy)sin o [7.50]

Example 7.10 _ -
For the control volume shown in Figure 7.10 with
the parameters listed below, find the x- and p-

7.4 Fluid Dynamics

‘components of the resultant force on. the control

volume..
p=1000kgm® 7, =4mis
7., =125m’ pi=12kPa’  p,=10KPa
@ = 40° A =050m* A, =030’
Solution: :
From equation 7.4%: _
IR, | = Gy + pidy) + (P, — Pada)cos o
kg
(1 000 “‘g‘)( )(0 50 m’ )

= 2,000 kg/s

k.| :[(2_.000 “—) (kg m

+ (12,000 Pa){0.50 mz)("n";é")]
._ ‘Pa’

[emioo 2 e's)

5

N
— (10,000 Pa}(0.30'm )( )]cos 40
VPa
= (3,000 N + 6,000N)
+ (13,333 N — 3,000 N)cos 40
=21915N
From equation 7:50:

IR, | = |W| — ¥, — pado)sin a

Iw| = p¥.g
ot kg . . N O\
— (1,_000 ;1-;)(1.25::1 )(9 31 T)( o )
' 2
= 12,263 N | '
[E,| = 12,263 N'— (13,333 N'— 3,000 N)sin 40
= 5621 N
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Conservation of Energy (the Bernoulli or
Field Equation)

Where there is continuous flow, the idea.of conser-
vation of energy can be. expressed using the
Bernoulli equati'on.- The Bernoulli egquation,
known also as the field equation, is an expression
of the conservation of energy, neglecting frictional
losses. It applies to .changes in energy along the
path .of a flid particle. The Bernoulli equation is
expressed-as:

S _
P V +z = Pz 25

[7.51]

Any real flow will experience frictional logses,
whicli are not‘accounted for in the Bemoulli-equat'ion;
Equatidn- 7.51 can b niodified to include the effect of
fiictional lossés as.follows:

F

- -+ hy [7.52
y g Ty y 17:52]

Here, his the major head loss, and.its value-is deter-
miined “using empirical relatlomhlps For flow in a
horizontal pipe with: constant ¢ross-sectional. area,
equation 7,52 reduces to

= *"'—";pﬂ [7.53)

Example 7.11

For the system described in Example 7.10, find.

the change in pressure between sections 1 and 2
uging the Bernoulli equation. (Assume that fric-
tional losses are negligible.)

Sohition; _
From equation 7.51:

.'.I'g. P2 + E’?2:!.

p 2

_ (V2= V)p
Por T P T 3

o] -3

2

X / N _\/ kPa
' M 1,000
_S 1,000

= 2.47 kPa

£y
p

Example 7.12
Water enters the control volume shown in the ac-
companying figure with a speed of 5 m/s.
Assuming that the flow is incompressible and that.
friction is negligible, find the change in pressure.
between sections'l and 2. -

Aem am
‘=100 kgimd 20 em
Solution: 2
From equation 7.51:
S e e =£2"'+"_“'5‘+z:
Pg 2 g 28 °
? 2 _ ? e .
P2 = Pg[(lz—gz) + (z “'22)]
p(V2 =
f + palz) —z3)

Calculate Ez using the continuity equation (as ex-
pressed in equation 7.45):

Ay = 4,5
— A D?
_ 0.30 n_1'):é 5 M
(020 my ( s )
=11.25 m/s
The change i pressure is:
(V)2 ~ V52
P2—pi= P_|2—z) + pglzr — )
. _ )
(1 000 ng)[(s - ) —._(1:1.25.%) ]

2
kg
(] 000 ——;—)(9 &1 —-r)(6 m})

(50731 k&' - 4 41,880 kg)
{ N \/ kPa
R m ) g0 N

" = —8.90 kPa
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Static Versus Stagnation Pressure

The pressure used.in the Bernoulli equation is the
static pressure of a fluid. It is the pressure that
would be measured by a device that moves with the
fluid. A stationary device that measuzes pressure in
a, moving fluid would read a different pressure,
_known as the stagnation pressure. A relationship
between the static pressure and the stagnation pres-
sare of a fluid can be derived from the Bernoulli
equation:

[7.54]

Mlﬁﬂu

o _Ps
PP
or

1 .
Po=pet pV [7.55]
where p,; = static pressure of the fluid,
Po = stagnation pressure of thie fiuid,
V' = speed-of the fluid at the point where the
measutement is taken,

Grade Line [Hydraulic Gradient)
and Energy Line

If'a pipe is fitted with a series of open manometers
along its length, the static fluid pressure at gach loca-
tion can be visualized. With flowing fluid, the pres-
sure at eéach successive location will be lower; as
shown in Figure 7.11: If an imdginary line is-drawn
through the teniscus of éach manoieter, that lihe: is
thé grade line or hydraulic gradient.

Alternatively, ‘the hydraulic gradient can be

thought of as-a plot of static pressure as a function of

distance along the pipe. If the stagnation pressure
rather than the static pressure of a fluid flowing
fhrough a pipe is plotted as a function of distance
along the pipe; the line that results-is the-energy line.

17
Hydraulic =
gradient

Direction of fluid flow —

Figure 7.11 Description of the hydrauli¢ gradient.

Reynolds Number

.T'he_ Reynolds numiber _.(Re)' is:a nondimensional_
nimber used to characterize fluid-flow. It is a ratio of

7.4 Fluid D_yn:amics'

‘the inertial forces to viscous forces. actmg on the fluid

and is defined as follows:

7D,
Re =22 [7.56]
" |
ar
.. _ VD
Re = == [7.57]

where » = kinematic. viscosity, defined as. u/p.

The parameter D used in equations 7.56:and 7.57 is &

characteristic Iéngth. For flow. in a fube the character-

istic length is the pipe diametér. For flow over a flat

plate; the characteristic length' is. the length of the

plate-in the direétion of flow. _
For a powerlaw non-Newtonian fluid, the
Reynolds. number is defined as

pFZ-—nDn' :

Re' = 3rz +1yr g1 [7.58]
v 4n

where X = consistency index,
# = power law index: n < fora pseudoplas-
i¢ fluid, # > 1 for a dilatant fluid.

Example 7.13 :
Find the. Reynolds number for the water exiting
the control volume of Example 7.12. Assume that:
the viscosity of water is 8- X 107> N * sfm*.

Solution:
From equation 7.56:
i
(1,‘0‘00 »15%)( 11.25 “’)(0 20m)
m 8

N-s
8 x:10™* :
8 X110 “I—n“‘j‘*

Re =

= 281,250

'I'.:.am'i'nar Flow

As fluid flow begins from test, the flow is highly orga-
nized. All streamlines are smooth and continuous; and
all fluid particles move in a path parallel to the mean
bulk flow. This: type of flow, called laminar flow, gen-
erally oeetirs:in fluid flows with low Reynolds num-
bers; or in fhiids with high viscosity and/or low
density flowing at low speed. In Jaminar flow, the
fluid flow field can be thought-of as a collection of
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fhuid layers. In each layer, all-fluid particles are mov-
ing with the same velocity, and there is no macro-
scopic mixing of fluid layers.

Turbulent Flow

As the flow rate is increased, the general character of

the flow begins to change mgmflt:dnﬂy Random,
three-dimensional fluctoations in flow velocity will
begin to appear; superimposed over the local mean

flow velocity. This type of flow; called turbulent flow,.

results in significant fluid mixing,

The lowest Reynolds number for-which turbulent
flow can be expected is called the critical Reynolds
manber (Re.). For flow in a pipe, the value of Re, is.
approximately 2,300. For pipe flow at Reynolds num-
bers. greater- than approximately 4,000, the flow 18
considered fully turbulent. The. range of Reynolds
numbers between these limits is the transitional re-
gion, where it is difficult to predict which type of flow
will occur.

7.5
internal Fiow

In this section we consider fluid flowing through a

closed pipe or duct. Experimental cbservation has.

shown that fluid particles adjacent to. the walls of the
pipe have zero velocity: This is called the no-slip con-
dition (no fluid-is slipping ageinst the wall of the
plpe) The maximum fluid velocity occurs along. the
centerdine of the pipe.

The variation in fluid velocity is caused by the

viscous forces within the fluid, or the shear force be-
twéen fluid particles. The shear forces perform work
against the moving fhiid, reducing the fluid energy as
it travels- through the pipe. This loss of energy, often
calied head loss (hy), is observed as-a drop in fluid
pressure in the pipe.
As fluid enters or leaves a pipe or othier internal
passage, the velomty profﬂe in the passage, is a
‘function of-the fluid’s Tocation along the length of
the passage and the geometry of the. opening. Far
from the entrance and exit, however, the velocity
profile becomes wniform for any position along
the length ‘of the pipe, ‘and-independent of the en-
trance and exit geometry. Flow in this region is fully
developed. '

For fully. developed laminar flow; itlustrated in
Figure 7.12; the velocity:of-a fluid particle in a pipe
is a function .of the radial location of that particle in
the pipe and of the pressure diop through the tube
(Ap/L). Some relationships for flow in a pipe are as
follows:

Figuse 7.12 Fully developed laminai-flow
~ velocity profile for flow ina pipe.

u Speed distribution:

R* Ap IR A% s
vi =~ m[l - (E)] (7591
® Averagespeed;
=_0_ R MAp ¢
i i [7.60]
A Maximuin §peed:
. )& Ap s _ L
.Vnwx - 4“ L =2 [?61]
n Volumetric flow rate:
wR* Ap
Q= TR [7:62]
m  Shearstress-distribution:
e é’i [7:63]
and ;
o mn _r .
il [7:64]

where # = radial coordinate of a coordinate system

with its-origin on the centerline of the pipe,
R = inside radius of the pipe.

Darcy Equation

To estimate the frictional losses for flow in a horizon-

“tal pipe with a constant cross-sectional area, the

Bernoulli equation (equation 7:51) reduces:to

PP = pghy= vy [7.65]
The frictional head loss i_'s estimated using the Darcy
equation:
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=
Ty

[7.66]

For laminar flow:

. 64
S=%e

The friction factor (f) for transitional or turbuilent flow
can be found in the Moody-or Stanton diagram, a copy
of which is included at the end of this chapter.
Angther parameter required for use of the Moody dia-
gram is the relative roughness (/D). The Toughness
{e) of a pipe is a furiction of the material and the
process by which the-pipe. is manufactured. Some ex-
amples of roughness vahies.are giveh.’i_‘n Table 7.1.

Table 7.1 Roughness Values for Selected

Materials

Riveted steel 0.003-0.03 0.9-9.0
Concrete: 0.001-0.01 0.3-3.0
Cast iron 0.00085 0.25
Galvanized iron 0.0005. 0.15
Galvanized steel

or' wiouglit iron 0.000015 0.046
Drawn tubing 0.000005 0.0015

Example 7.14

Using the Darcy equation, calculate the head foss
in a horizontal pipe of constant cross-sectional
area if the inside diameter of the pipe i€ 6'in and
its length is 200 ft. Water with a density .of 624
Tbm/ft* and a viscosity of 1,67 X 10~ Ibfisec/f
flows. into- the pipe. at a speed of 2 fi/sec, The
roughness of the pipe is 0.01 in. (Assume that the
flow is incompressible.)

Solution:
To use the Darcy equation, first calculate. the
Reynolds number and relative ronghness.

Re = oD
Fia
(62 4 ——rlbm)( )(6 111)( ft )
- Tof-sec
1.67 X 1075 =/
' 1t

3217 ——=

Ihi
x (—““"ﬁ“lbm )

175

=9,670
e _001in
D~ 6in
= 0,00167

Use the Moody diagtam to determine that the
Triction factor is 0,024, Now use the Daicy equa-

tion to find the head loss. _
L W :
k,i'_f' ‘E . ...2._2-.,
Lty
__ [ 2001 ] )
= 0024 "7 R R
il _ln( 5 in.) 2(32 17 E(‘:T)
= (),596 ft

Hagen-Poiseuille Equation -

Pressure loss for laminar.flow ina cireular pipe can be
related to volumetric flow ate by usmg the Hagen-
Poiseuille equation:

_ aR Ap, :

‘—WWB;J.L [7.67]
D* Ap; g

0- B nam

where 0 = volumetric flow rate (ft*/sec.or m’/s),.
R = inside radius.of the pipe;
D = inside diameter of the pipae,
Ap, = pressure drop-in the pipe due to frictional
losses,

Head Losses in Pipe Bends,

Enlargements, Contractions, Entrances,
and Exits

Minor head losses (#) occur any time that the size.
or direction of a pipe changes. The value of the
minor head loss can be found by usmg the following
equation:

T

_ N
By = “o

[7.69]
The loss coefficient (C) is determined by the geéome-
try of the change and can vary greatly. A table is com-~
monly used to determine the foss -coefficient; Figure
7.13 givés the loss coefficients for some types of en-

trances.and exits.
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{a} )}
Sharp Sharp.

-entrance: exit;
C=035 C=1.0

(c} (d)
Rounded Proiruding-pipe
cntrance: entrance:

C=0.1 =038

Figure 7.13 Loss coefficients for several types of pipe entrances and exits.

The Bernoulli équation is medified as follows to de-
termine the change in energy of a. fluid for flow
throligh a .pipe, including both major -and minor
head losses:

P “I"r.'l.:Z F25] -.“1;12 ) -
i o + oz = - - ol [ P J’I'_;,;,- 7.70
AT A

Example 7.15
if an elbow with loss coefficient C = 0.75 is

placed at the end of thc' pipe-of Example 7.14,.

what is:the minor head loss through the elbow?

‘Solution:
From equation 7.6%:

VZ
h e o
i 2g
ft 32
| “sec
=07 2(3" 17-“73')
Y se¢”
= 00471t

Multiple-Path Pipeline

A commen technique used to increase the: capacity of
a-pipe is to add another pipe in parailel.

It is p0951ble to predict how much fluid will fiow
through each path. The fluid pressures before and af-
ter the branch must be cqual. Therefare, the Tiow. will
divide itself in such a way that the head losses through
-each path will be cqual.

For the multiple-path pipeline shown in Figure
714

=

Ly

Figure 7.14 Diagram of a multiple-path pipeline.

e = f [7.71]
L er Lh V.h : .
jaD 2g _th 2g [?-72]
From the.cpntimii:ty equation ('equ_ati'on 7.45);
T oo TR .
2DV = '_i"Da" Vit EDJ}“"V;; [7.73]

When the flow rate of the fluid énterifig the control
volume and the diameters and lengths of the pipes are
known, equations 7.72 and 7.73 can be solved simul-
tancously to determine ¥, and ¥,

Example. 7.16

 For the multiple-path. pipeline shown in the ac-
companying figure, what is the average speed
thmubh pipe-4 (F;)? (Assume that the friction
factor in pipe 4 is equal to the friction factor-in
pipe B.)
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Tiem

‘ G7m >

Solution:
From cquation 7.72!

Scm 32m
1Zem 0.7 m

From equation 7.73:

VA =V,4,+ Vady

= Vi |
= VzI.A;‘I + 1.318 AH
=7, (A,, + 138)
D
— 4
Va=¥| &b wDs
e A TR T
_ D?
\Da” T35
o, ' (10. cm).“
=225 5 L2 cm)®
(5 em)? -—-—--—~1‘.3.8
= 1,74 mfs

Flow in Noncircular Ducts

Flow in nencircular ducts can be analyzed using the
same: techniques used for found ducts, All that is
needed is to replace the tiube diameter with a new pa-
rameter called the Aydraulic mdma (Ry) or hvdraulic
diameter (D,:,) The equatt_ons for this parameter are as
follows:

. cross-sectional .area -
A wetted periineter

[7.74]

cross~secti0na’l'.aree§1 _ _
Dy = ( wetted perimetet ) = Ak, 775

For instance, the Reynolds number for flow in a non-
circular duct is expressed as:

Rep, = 2 [7.76]

Example 77

‘Find the hydrautic diameter of a rectanigular duct
24 in wide and 15 in high.

Solution:

_ { cross-sectional area
D;, = N o
wetted perimeter

A wh '

a 4[2(“"* }1)] :
_ [ _eains in)
B [2('_24 in+15 in_)}
= 1%.46 in '

Open-Channel Flow

The relationships déveloped until tiow have been for

flow inside a-closed pipe. Most of these, such.as the

Darey friction factor, have been determined through

experiméntation, As the basic geometry of -the fluid

system'to be analyzed changes, we can expect to need
new empirical relationships. Two such relationships
Tor open-channel flow are Marining’s equatmn and the
Hazen-Williams equation.

Manning’s equation:

Vo ;i?_ 23 G2 : 12.77]

Hazen-Williams equation:
V =0.849CROP 17.78]

where n = Manning roughness. coefficient,
C = Hazen-Williams roughness.coefficent,
R = hydraulic radius of the channel (ft or
),
§ = slope of the energy grade line {ft/ft of
/m).
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T
External Flow

Often important in external flow analysis.is the total
drag force. acting.on the object of study. This drag is
measured using a:nendimensional coefficient of drag
{(€p), which is defined as follows:
Cp= -T-}i‘?— [7.79]
Ep le - 4

where Cp = nondiimensional coefficient of drag,
F,y = total drag force exerted on the object by
the fluid,
p = density of theé fluid,
V., = speed of the fluid far from the abject;
A = area over which the drag force is acting.

If the cocfficient of drag is:given, the drag force can
be caleulated using this equation:

Fp = =22 (7.80]

Uniform Flow over a Flat Plate

Flow over a flat plate demonstrates a concept impor-
tant to- the study of fluid dynamics, the boundary
layer. As the fluid flow encounters the first edge of the
plate, the. vertical flow distribution is uniform, as
shown in:Figure 7.15.

Vea -

8 ~ Vin

YYY

Figure 7.15 Flow over a flat plate.

As the flow progresses along the plate, the vertical
distance above the plate at which fluid with.a speed of
V. is first eficountered increases. This distance is.
called the boundary layer thickness (). o the bound-
ary layer, the fluid velocity and the shear stress in the
fluid vary with distance above the surface of the plate.

The characteristic Jength used for uniform flow-

over a flai plate is the length of the plate. The

Reynolds number for flow over-a flat plate is ex-

pressed as follows:

PVl
¥

Re, = 17.81]

“The coefficient of :drag for flow over a flat plate is

given by these equations:

1.33 -
Cp= RIS (10* < Rey < 5% 10%)
and [7.82]
0.03]
o= ———-(10° <Re, < 10°)

Example 7.18
A ‘sqoare. pIate with 50 cm on a side is placed in
an airstream with a speed.of 12 m/s:

A. What isithé coefficient of drag for the plate?

B. ‘What is the total drag force on the plate?
(Assume that the density of air- is 1.225
kg/m®, and that the viscosity is 2 X 107°
N- sfm )

Solution:
A. From equation 7.81:

. oVl
Re, = .
Lok
kg
(1 225—;)(12 )(0 50 m) / N
= kg -m
2% 1075258 K 2 )
= 3.67 X 10°
From equation.7.82:
1.33
Cp = ﬁt{i‘
1.33

T BT X 1008
=219 %X 10™?
B. The total force is given by equation 7.80:

CDP Vm ZA

Fp= 5

2
(219 % 107 ‘)(1 225 m;)( 12 -?-) {0.50 my*
. 2
_N
X ( kg m
)

5
=484 X 107N
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7.7
Devices

"The principles of fluid niechanics discussed so far ‘can
be used to describe the operation of many industrial
devices. A few.examples follow,

Deflector and Blades.

Many devices utilize. the kinetic energy of a high-
velocity fluid to produce power, which is commonly
transmitted to a series of curved surfaces or blades.
"The ‘impulse-momentum principle is used to describe.
their operation. We will neglect the viscous drag. of
the fluid at the blade surface; therefore, the fluid leav-
ing the trailing edge of the blade will have the sathe
‘speed as the fluid approaching the leading edge of the
blade.

Fixed Blade

Figure 7.16 shows a fluid jet acting on a stationary
‘blade. Since the blade-does riot move, the direction of
the fluid stream that leaves the blade is determined by
the angle: of the trailing edge of the bIade The blade’s
reaction force is refated to the change in:momentum.
of the fluid. It is assumed that the speed of the fluid
stream leaving the blade:is equal to-the speed of the
fluid stream entering the blade,

Figure 7.16 ‘Fluid jet flowing over a stationary blade.

Vo[ =1v,| [7.83]
1B =il = 1¥,] -cos @) [7.84]
|7} = 5|V - sin o [7.85]
where [V, | = magnitude of the finid velocity
approaching the blade,
]V-, | "= magnitude of the flvid velocity
léaving the blade.

Example 7.19
Find the'total reaction force ona fixed blade if 5
kg/s of water with a speed of 6 m/s enters the
blade, and the blade angle a is 65°.

Solution:
From equation 7.84:

B = wi([v,| = 1V, - cos @)

_fckexfm  om 1 N
- (5 ?)[6 . 6-—5'{005-65)}( Rg - o )
=17.32N E

From equation 7.85:

]Fv[ = rr'z']V2| - s @

(oS (i)

= 2719 N

The magnitude of the reaction force is

|¥] =V IE, |2+ |B,|2
= V(1732 Ny + (27.19 N)
=3223N
‘Moving Blade

‘When the blade is moving in the same direction as the

fluid jet, as is the case in the rotating portions of tur-
bomachinery, the velocity of the blade affects. the
change in fluid momentum that occurs. This situation

is illustrated in Figure 7.17,

Ve

{re]nll\a 10
hiad€) *

(rclatwc o bladu}

Figure 7.17 Fluid jet flowing .Uvef a moving blade.

_The_'relationsh_ips--between the velocities and the forces
on the blade are given by the following equations:

V=V — Vg [7.86]
Vy=Ve+ V, [7.871
B = —i(lvi] = 1VaD —cos ) [7:88]
6| =m(ivi| ~ [v]) sine [7:89]
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where V,; = velocity of the fluid jet approaching the
blade,
¥ = velocity of blade,
V. = velocity of fluid leaving the blade,
relative to-the biade,
V, = friie.-velocity of fluid leaving the blade.

Example 7.20
Find the total reaction force on a moving blade if
5 kg/s of water with a speed of 6 m/s enters the
blade, the blade is moving at a speed of 1.4 m/s,
and the blade angle a is 65°:

Solution:
From equation 7.88:

iF! =_rir(!Vii - EVBD(I - COS. )

- (5 kf)(ﬁ 14 )(1 — cos. 65)(~—1i-—)
. s* /

= 13.28N

Trom equation 7.89:

|F},! =a{vi| — 1Vy])isin @)

= ( kg)(6 m 14 )(sin-ﬁS}(}‘g‘;ﬁ)

= 2085 N

The magnitude of the reaction force is:

I

[FI l. o +|F1a!2 .
V(1328 N)* + (20.85 N)?

=2472 N

I

impulse Turbine

An_'i'mpul'se turbine, shown'-s_che_mati_t:ai[_y in Figure
7.18, is a disk - with blades located radially around its
edge. Fluid strikes the blades in’ a stream tangent to
theé turbine. The reaction force of the fluid against the

blades begins to turn.the turbine ‘around its axis, and-

this motion can be used to generate power.

The amount of power generated is related to the
angle.of blade deflection (). Maximum power is gen-.
erated at o« = 180°. The turbine power is related to the
‘mass. flow rate of the fluid and to its velocity by the
equation
W= gp(lv, ~

V| M1 — cos e | Vil 17.90]

Figure 7.18 An impulse furbine.

Maximum power-is expressed as

v |
rm‘: QP( )(l - COS-(_I)_ [791]
Or, when = 180°:
. ol |
Wmax = Q_p_z""]""" [7,92]

The speed of the blade is related to the rotational
speed of the turbine by the equation

AR [7.93]

where » = radius of the turbine (ft or m),

= rotational speed ofithe turbine (rad/s).

Example 7.21
Find the power of an impulse turbine if 25 kg/s of
water leaves the nozzle with a speed of 65 ny/s, and
the turbine is spinning at 500 rpm. The tadius of
the turbine is-50 cm, and the blade angle « is 120°,

So__l_'u_tibh:
The rotational speed of the turbine is:

500 eV’ Zﬁmd'--mln.__
min i\ rev J\60s,

= 52361‘3(1;"5

From equation 7.93, the blade velocity is.
|_V gl = Fo
_ .. rad
- (0_._50'm)(5'2.36' -S-—)

= 26.18 m/s
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From equation 7:90:
ﬁf—“w rii(|V1_- le)(l.* cos cf)|V3'|

(25 kg)(ﬁs 2 2618 —)(1 ~ cos 120)

[ N KW
2618-—) T
( I At gs_m 1,000 .M

= 38,11 kW

Jet Propuilsion

A fluid jet used for propulsion is-an example of the

practical use of the impulse-momentum principle. The

momentum of the fhuid jet leaving the coritrol volume

fesults in a force: that acts on.the confrol volumie in a

direction ‘opposite to that of the fluid jet. In the system
described in Figure 7.19, the. potential energy of the
fluid is converted to kiretic energy as the fluid flows

.out of the orifice. As the fluid is expelled, it leaves the

‘system with a certain amount of momentum, As a re-
sult, a force is exerfed on the control volume in the
'opposi‘[e direction to the flow out of the -orifice. This
force is given by the-equation

E= Qp(V —0) [7.94]

or

F="pr4

where F = force on the control volume,
V= average. speed of the fluid through the
nozzle,
A = cross-sectional aréd of the nozzle exit.

By applying the Bernoulli equation between the free
surface and the outlet of this system, we calculate the-

force as follows:

2

pa 0* 21 |4
= +k+--~=—--+ +*— 7.96
¥ (z2 +h) % ¥ [ ]
VZ = Jgh [7.97}
F = 2pghd [7.98]

Pumps

Pumps utilize mechanical enetgy to increase, the en-
ergy-of a fluid. The amount of enérgy that i§ added to
the fluid per unit time is expressed as

[7.95]

Figure 7.19 Jet of fluid exiting a container.

P=0Oyh [7.99]

where P = pump power (ft-Tbf/sec or W),
@ = volumetric flow rate of fluid that is
pumped (f/sec or m¥/s);
= change in fluid head.{ft or m},

Because of. inefficiencies in thé pump; the amount of
energy that:must be supplied to the pumpis somewhat
greater than the amount of energy that is transferred
to the fluid. The ratio of power transferrecl to the fluid
to power ‘supplied to the pump is the pump’s effi-
ciency (7). The amount of power that must be sup-
plied to'a pump can be found by using this equation:

Ok

Preg = 7

[7.100]

Example 7.22 :
A pump that is 63%. eﬂ‘lcwnt 1s required to. lift
500 L/min of water from a stream fnto & tank that
is 12 m above the surface of the stream. What is
the minimym power imput requ:lrcd for this
pump? .

‘Solution:
From equation 7,100;

Ovh
n

Ly Ny
) (500 H{E)(% 10 E;)(lz- m)
- 0.63

« m®  \fmin\/ KW Y
\1.000L (-50s wgoN_f-}l |

L.56 kW

Py =

il
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7-8'
Fluid Measurements

A number of devices have been developed to. allow
measurement of fluid velocity and flow rate ). A
few of the most common types-are described below.

Pitot Tube

A Pitot tube is a device used to measure the stagna-
tion pressure of a' moving fluid, It is a tube with a
smiall-diameter h_ole at the end that is pointed directly
into-a flowing fluid, as-shown in Figure 7.20:

-

ks

=/
Figure 7.20 Mlustration of a Pitot-tube
flow-measurement dev1ce

The speed of the fluid is computed from the stag-
natlon pressure using one of these equatu)ns

yo |200=p)
Nar

Y= m
¥

[7.101]
or
[7:102]
For the system shown in Figure 7.20, the static pres-
sure and the stagnation pressure at the opening of the
Pitot tube are given by the following relationships:

Ps = Pghs + Pun = Vis + Pan [7.103]
and
[7.104]

Po=Dpst '_Pghp

By ‘combining equations 7.102 .and 7.104, the fluid

speed can be related directly.to Ay

VZ.
hy = 25 [7.105]
Although equaticn 7.101 was developed for an incom-
pressible flnid, it may also.be used with reasonable ac-
curacy for a compressible fluid if the Mach number is
less than approximately 0.3.

Example 7.23
A. TFor the Pitot tube shown in Figure 7.20, what.
is the stagnatlon pressute of the fluid if h
13.6 cm and A, = 8 cm? [Assume that- the
fluid is-water (p = 1;000 kg/tn™), and that paun
= 1013 kPa/]
‘B. What is the fluid speed?

Solution: _
A, From &quation 7.103:

b= Pghs +'pmm

(1 000 E%—)(Q'.Sl %)(Scm)

wfom N N N[ KPa 0 3kps
100cmi f| kg m N
! £ N 1000~

= 102.1 Pa.

From equation 7.104:

Pﬂ= Pt ngp
o ke
= 102.1 kPa + ( =5 )(9 81 —;)(13 6 cmi)
x( 5 ) kN \[ e
100.cm —f»—gs a 10002-
= 103.4 kPa

B. From equation 7.101:

kg \ kPa
m

I

1.61.m/s

Orifice Flow Meter

The orifice flow meter, illustrated il Figure 7.21,is a
{flat plate, with a small hole:in the center, placed in a
pipe. Pressure measurements are taken at fixed loca-
tions upstteam and- downstrearn ‘of the orifice. The
flow rate of the fluid is refated to the différence in
value between the upstream .and downstream pressure
measurements. '
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Py P2

Figuré 7.21 Diagram of an orifice flow meter.

The volumetric flow iate through an orifice flow
meter is given by the following equation:

0-cn ful(Bra)- (Bra)

The flow meter coefficient (C) is.given by the equation

C.C.
C= PR
1— Cf(—‘i)
Y Ay

The coefficients C, and Care given in Table 7.2,

[7.106]

[7.107

Table 7.2 Various Types of Orifices and
Their Nominal Coefficient
Values

Minimum value.of.
C (meter

coefficient) 061 098 080 051
C. (coefficient of .
contraction) 0.62 100 100 0.52

C, (coefficient
of velocity) 098 098 0.8¢ 0.8

An orifice flow meter provides a simple and effi-.
cient means to measure‘the flow rate. Unfortunately,
‘however, this simplicity comes at-a price; the sudden
contraction of the flow produces large head losses.

Example 7.24 )
Water flows through a rounded orifice flow meter
in a pipe having a 20-crh diameéter. The orifice.is in
a horizontal section of the pipe and hias an area of

0.03 m* The pressure just upstream of the ofifice-

is 75 kPa, and the pressure Just :dowmstream is 15
kPa. What is the volumetric flow rate of the water?

Solution:
First determine the mefer cuefflment From &qua-
tion 7.107:

Cv.cc

1 - Ay
_ A4,

(0.98)(1.00)

\/-1 - (10@(%35%?)

1.065

Then use équation 7.106:

= (1.065)(0.03.m%) X

. N\y/kg'm
5| {75KPa— 15kPa L000 o || T &
k -~ kPa /
1000—%; J fa /AN
= 0.35:m%/s

Venturi Flow Meter

Like the orifice flow meter, the venturi flow meter,
illustrated in. Figure 7.22, uses a pressure. drop across
a flow restriction of known geometry to- measiite thie
flow rate.

Figure 7.22 Diagram of a venturi flow meter.

The volumetric flow rate through a venturi flow
meter is given by the following equatmn

0=t (2 *) (5 =)

[7.108]
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Thie coefficient of velocity (C,) is obtained through
‘experimentation.

The gradual:contraction of the venturi flow meter
largely reduces the head loss-to the fliid stream, The

shape of this device, however, is much more compli-

cated fo-manufacture than is an orifice.

Submerged Orifice

The tate of flow through a subnierged orifice, illus-
trated in Figure 7.23, is related to the hydrostatic pres-
sure at each side of the orifice as shown in equation
7.106 or 7.107.

I

Figure 7.23. An orifice submerged
below the surface of a fluid.

0=CCaV2l ~ ) [1109)
or
Q= CAV2g(h, — hy) [7.110]

Orifice Discharging into Atmosphere

If the. fluid on the downstream side of an orifice dis-
charges into the ambiéent atinosphere, as illustrated in
Figure 7.24, the atmosphere’s contribution to equa-

Figure 7.24 Diagram of an orifice
discharging into the atmosphere.

tions 7.108 and 7.109 can be haglécted, and the flow
rate can be expressed as follows:

0 = C4Vgh

7.111]

7.9
Dimensional Analysis—
Dimensional HomogeneﬂL

A dimensionally tiomogeneous relationship is -one
whose value is. independént of the fundamental dj-
mensions used (the units used to ‘measure mass,
length, or time). Dinensional homogeneity is assured

for relationships that are placed in a dimensionless-

form. The Buckingham PI theorem tells how many di-
mensionless groups are required to describe a rela-

‘tionship. 1t states that, if the telationship has »

independent variables, 1nv01v1ng » different funda-
mental dimensions (mass, léngth, or time), then n — r-
dimiensionless groups are required.

710
Similitede

Model testing plays a large role in fluid dynamic
analysis, The reason is that the equations of fluid flow
are sufficiently complex that it-is impracticable to
solve theim: for all but-the simplest flow conditions.
Furthermore, testing of a fuil-size prototype is. often
prohibitively expensive.

‘We can be assured that the model we use for test-
ing predicts accurately the fluid interaction of the full-
scale prototype if we can prove that there is similarity
between the two. Required are three kinds of similarity:

B Geometric similarity: Thé model must have
the same shape as the fuli-scale prototype.
Each of the geometric parameters that de-
scribe the shape and size of the model differs-
{rom the cotresponding geometric parameter
of the full-scale prototype by a constant scale
factor.

® Kinematic similarity: The character of the
fluid flow must be the same for the model
and the full-scale prototype. In other wotds,
the. direction.of flow of each fluid parficle
near the model must be the same as.that of
the fluid particle at the corresponding loca-
tion near the full-scale prototype. The veloci-
ties of the two corrésponding fluid particles
must be related by a constarit scale factor.
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W Dynamic similarity: The forces that interact
with the model must be similar to the forces
that act on the-full-scale ‘prototype. For each
force that acts on the full-scale prototype,
there must be a corresponding force acting on

the model. Each corresponding force miust act

in the same: direction, through'the cotre-
‘sponding location, and with a magnitude that
differs‘by a constant scale factor. The model
-and the prototype must have geometric and
‘kinematic similarity-if dynamic similarity is
1o be achieved.

Dynamic similarity is achieved when the
Tollowing conditions are met:

) _[E) o [RP] o[
[Fp]p. I:Fp] or [ PL [p ] 7.112]

F _[F pVl
- [%’1] or [Rel,= [Rel, [7.113]

. |
N [EL or [Fr}, = [Fr], [7.114]

Bl _[E] L [27
FE [Fm [E i

= ["—Eu} or [Cal,= [Cal, [7.115]

L5 - )

] or [Wel,=[Wel, [7.116]

where Fy = -inertia force,

F = préssure force,

F-;.—' = viscous force,

Fg = gravity force,.

Fg = glastic force, :

Fy = surface-tension force

! = characteristic length,

Re = Reynolds number,

Fr = Froude number;

Ca'= Cauchy number, _
E = modulus-of elasticity, .
o = suiface tension,

'We = Weber number,

The subscript p refers to the full-scale prototype, and
the subscrlpt m refers to the model

Example 7.25
If a one-fifth-scale boat model is to be tested in a
tow tank, at what speed should the viodel bé towed
if a speed.of 15 knots (7.72 i/s) is to be simulated?

Solution:
From equation 7.113;

-7
o

- (1)(0(%)(?’-7? )

4 mfs
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PRACTICE PROBLEMS

‘1. ‘What is the Mach niumber of a fluid stream flow-
ing at a velocity of 370 ft/sec? (¢ = 1,080 ft/sec)
(A) 0.66 ®) 292
(€) 0.34 (D) 34

.2. What is the gage pressure of aix in a vessel if the
-absolute pressure is 340 kPa, and the ambient at-
-mospheric pressure is 101.kPa?

(A) 441 kPa {BY 105 kPa
(C) 340kPa (D) 239 kPa:

3. The specific.-weight of a-fluid is:

{A) the ratio of the density of the fluid to the
density of water '

(B) the mass of the fluid per unit volume:

(C) the weight of the fluid per unit volume

(D) the ratio of the weight of the fluid'to.the
weight of water

4. The viscosity of a fluid:

(A) ftelates an applied normal stress to the veloc-
ity gradient in the fluid
(B) relates an applied shear stress to the velocity
gradient in the fluid

() app.t_:ars-cans'tant for all values of the velocity

gradiént in a dilatant fluid
(D) appears-constant for all values of the velocity
aradient in‘a pseudoplastic floid .
5. What is the pressure at a point' 18,000 ft below
the surface of the dcean?

(y = 64.0 To/ft®)

{A) 1,150,000 psig
(B) 250 psig

(C) 8,000 psig

(D) 258,000 psig

6. In the figure, what is the' absolite pressure (p.g) in

vessel A7

Patm = 14.7 psi

=31t
p; =624 Tbm/ft hip=351n

ki

), = 846 Ibim/ft3

(A) 158 psia
(C) 13.6psia

(B) 184 psia
(D) 11.0psia

7. For the barometer shown in the figure, what is the.
atmospheric pressute if £, =20 cm; p, =
13,550 kg/m?®, and p, = 0 kPa?

{A) 128 kPa.
{B) 26.6kPa
(C) 4.36kPs
(D) 82.4kPa

8. A cylindrical bar with a density of 41.6 Ibr/ft®
and a length of 3 & floats in water (p= 62:4
Ibm/ft%) in such a way that the end surfaces of. the
bar are parallel to the surface -of the water. How'
high will the top of the bat extend above the sur-
face of the water?
A) 1£
(B) 2 ft
(C) 1.5¢
() 0.5t

9, For steady flow of a compressible fluid in the ex-
paridet shown in the figure, what s the density at
the-exit section (p)?

_l .
10 ¢m—} — {5cm

m= 200 kg)’m3-
V=20 mis

(A) 190 kg/m®
(B) 62 kg/m® .
(C) 642 kg/on®
(D) 127 kg/m®
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10. For the steady-state system shown in the figure,
‘what is the force in the spring?

p = 850kg/m3
T V= 17 mfs.

l Paim = 101 kPa
o

{A) 43495 N
(B) 24,575 N
{C) 16,895N
(D) 24,565 N
11. For the control volume shown in the figure, what

is the change in pressure (1. — p») if the specific

weight of the fluid is 9,810 N/m>? (Assume that
frictional losses are negligible.)

i
|
| |
10¢cm— | : - 15 em
]
f
I

Va = 20T/

(A) —102kPa
(B) —204 kPa'
(€) 102kPa.
(D) 204 kPa
12: What -is the stagnation pressure of water (p =
1,000 kg/m?) flowing with a velocity of 28 m/s if
the static pressire is 300 kPa?
(A) —92kPa
(B) 692 kPa
(C) 92kPa
(D) 1,084 kPa
13. Water flows through a 20-cm-diameter pipe: If

the critical Reynolds number is 2,300, what is the.

maximum value of the average velocity for which
‘laminar flow can be assumed?

(A) 0.047 m/s

®) 1.2m/s

(€) 0.092 m/s

@) 0.75 mvs

14. Water flows through a 17-cm-diameter horizontal
pipe (f =0.017) at.a rate of 0.34 m*/s. What is,
the frictional head loss per meter of pipe length?
(AY 1.31m
(B) 1.14m
(C) 0.02m

(D) 0.78 m

15, What is the minor head loss for the pipe entrance

shown in. the figure?

V=165 ms
C=0.5

(A) 1.28m
(B) 16.81'm
{C) 2,775 m
(D) 693.81'm

16; What is the hydraulic dlameter of a square duct
that measures 80 cinon a su:le'f‘
(A) 24m
(B) 1.2m
{©) 0.80m
(D) 0.40m

17. What is the coefficient of” drag for a flow of air
{p = 1.225kg/m’, o= 1.8. X 107 N - s/m?) over
aflat plate that is 93 cm lonig, 1f V.. =86 m/s?
(A) 3.38 X103
®) 570X 107
(C) 219:X.10™%
(D) 8:27.X 102

18, Wiiat is angle 6 for the movmg blade shown in
the figure?

=, = <7 —

1=60mis. Vp=25mUs

{A) 57.82°
(B) 63.55°
(C) 32.18°
(D) 26.45°
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19. If 16 kg/s of water, fraveling at 67 m/s, enters the-
impulse turbine shown in the figure, which has a
26-cm diameter and a blade angle-c of 120°, what.
is the maximum power that can be generated?

Vg
—— ““”“"V_ —*\_.
1

(A) 134'W
(B) 402W
(C) 2693 kW
(D) 8.98 kW

20. What is-the pumping power required forthe sys-
tem. shown in the figure? (Neglect friction inthe
pipes.)

g,

120 m

Water _
p = 1.000 kgm?

Pump
T =590
Q= 50 m¥s

Pt
AN v

(A) 58,900kW
(C) 82,300kW (

21. What is the yolumetric flow rate ((). of water {7y
= 9,810 N/m®) for the venturi flow meter shown
in the figure? '

(B} 65,400 kW
(D) 53,000 kW

!

Ar=0015m2

f

A=
0:102m

(=]
C}
n

=
b
%

1 =600 kPa

pp =430 kP

(A} 0.232m’%s
(C) 0.733.m%s

(B) 0.248 m’/s
(D) 0.467 m¥s

Answer Key
1.C 8. A 15. D
2.D 9. D 16. C
3. C 10, D 17. A
4. B 11. A 18. C
5 C 12. B 19, C
6. A 13. C 20. B
7: B  14. B 21. A
Answers Explained
1. 'C From equation 7.2
m=r
370 il
- SEC
1;080'&
[EC
=:0.343
2, D From equation 7.5:
pd = pg + p.a_tm_
or
Py = Pa ~ Pator. _
= (340 kPa) — (101 kPa)
=239kPa

3. C. The specific weight of a fluid is defined as the
weight of a unit volume of fluid. 1t'is related to
the fluid density by the equation

Y= pE
where y = specific Waight':'('ibﬁ' ft' or N/m?),
g = dcceleration due to gravity (32.17
ft/sec? or 9.81 my/s? at sea level),
p = density

4. B It can be shown that the shear force in most
common fluids can-be expressed using equation
710

n'g
TulP) = Hv'j;;"
X,

Therefore choice B is correct. In a dilatant fluid,
the viscosity appears to increase as the velocity
gradient increases. In a pseudoplastic fluid, the
viscosity appears to decrease as the velocity gra-
dient increases.
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8. C Fromequation 7.15: p, = i

ibf it
(640—-—)(18 000 ﬁ)( Tidin )

= 8,000:1bffin* or psig
6. ‘A From equation 7.23;
21 = Pam'+ Pughi — pr1gh
Then’

pﬁ.nghm-- (846 %)(32 2 fi )(5 11'1)

« Ibf £y
qp o Jom-it |\ 1728 in’

sec*
= 2.45 [bffin

Also,.

prghy = (62 4 %Il)(?,z L )(3 fo)

w Ibf ( iy )

- A4 B
477 Jom-ft Tbm ft 144 in?
sec?
= 1.30 Ibffin®
S0
P =147 lbf +245M~ 130—“3-{

in’®
= 15.85 lbf.-’m- or'psia

7. B From equation 7.25;

Paim = Pv = PinHy

Then

Palm = pi!ghni
(13 550 E5)(9 81 w)(o 20 m)

s f N \/ kPa
kem o goo Y
CA mt

8. A According to Archimedes’ prmmple an object:
floating in.a fluid will displace an amounit.of fluid
whose weight is equal to the weight of the object,
‘The weight of the cylmclnca] bar is, given by the
equation

I'Vﬁar = il
= pba_r-Vbnrg

1bm o, __t_’g__
(41 6 re )[( TRW3 ﬁ‘)](322 )

Ibf

322 Ibin-ft
i sec?

=392 R It/

X

where R is the radius of the cyliﬁd&r
The weight of the fluid dlsplaced 15 given by the-
equation

Wdisp = mdispg

= _ p\__\-'a'atchdi"ng )

- ( 4 1om )[(sz)(L)](32  f )( " ;%fm ﬁ)

SB.C- )
=196 R*L Tbf/ft* _
‘where L'is the length of the displaced eylinder.

Find the value of L by setting the weight of the
bar and the weight of the ﬂmd equal to each
other, and solving for L.

Wbar Wdlsp
3ﬁ92 R g 196 R L "’f
M
392 B f2
196 B> Ibf
.ﬁ3

This. result is the amount of the. bar that is sub-
merged; therefore:

1 ft of bar will extend above
the surface of the water.

9. D From the principle of mass conservation,
equation 7.43 gives:

pA V| = pads V2
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or-
P = . - 'AE..?’"
. P 22
| 7(0.10 mY Jom
= 200.}3& 4 8.
m* )l w0.15my | 42
. 4 s )
= 127 kg/m®

10. D From application of the impulse-momentum.
principle and a summiation of forces. in the Hori-
zontal direction, the force in the spring is given
by the equation

Fspring- = m¥
Also,
m= pFA
(85{1 i)(n )(o 10 m3)
= 1,445 kgfs
S0
Fpring = (1 445 55)(17 )( . )
=24 565N

11.. A Use the Bernoulli equation {eqiiation 7.51)

E_+_+ I_B‘+ i +:n
vy 2g Yy 2
or

FR-h .
P:-‘P:*'Y[Li“i""g'fm'*‘(zz*-.f:}}

il
—_———
M
[ o]
et
=
Iz
e
[P
e
=
o
P
G
S
+
o=
8

il
f
i
=
z

15, D From-equation 7.69: ky, = C'IZ/—

12. B Fromequation 7.55:

R
P = pE == ol
Do = Py, 2 P

N

. L L ke Vo 2
= (300kPa) + _5(.1,000 %%)(23 ‘;;‘) ( o

_ [ kPa
%1 1,000 X
R m

= 692 kPa

13. 'C From eqoation 7.56:

Re = prD

1y
- tRe.
p = H2C
pD
N-s

(s % 10~

( 1,000 —3)
= 002 mfs

)(2 300)/ j__

It

LY(V?
14. B. From equation 7.66: h,« f( )(Zg)

Find the average velocity through the pipe as

follows;
4 .
0,34 2
(0.17 m)°
7r---—--—. 4
= 14.98 m/s.
Then‘-_

' 2
( 14.9819}-)'
. 35

- W[ Lm _
b= (0‘017}[0.1‘_7-;11] 2_(9_.81_ 2})

=1.14m

72

o= 693(8'1_111
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16. C From equation 7.75:
D=4 cross-sectional atea \:
d wetted peritieter

— (@80 m)7"
_ _4(.0..8’0-m)_)
=0.80m

17.. A From equation 7.82:
1.33

Cp= ReS (10% <Re;, < 5 X 10%)
or
Cp= 2B 10° < Rep < 109)
Re}

The Reynolds number for this flow is given by
“equation 7.81:

ReL-:- ‘L—VmL
M.
(1 225 »ﬁ)(sﬁ )(0 93 m)

= (18><10—*NS)
m*.

= 5.443 X 10°

Therefore the second equation for the coefficient

-of drag is used:
. 0,031
. 0.031
(5:443 X 1097
= 3381 X 1073

18. C_If friction along the face of the blade is ne-
glected, the velotity leaving the blade has the
same magnitude as the -velocity entering' the
blade, ditected as shown n the diagram. Solve for
angle 8-ag follows:

VZ_x - VB + '.VE_ sin
=25 4 (60 %?)s'm(at_sf’)
=-67.43 m/s
and
Vo, = Vgeos a
= (60 %)c_(js(ets“)
= 4243 /s

Practice Proehlems

Then:

Vs
1 ')
4= fan (Vz;)
m>

4243 —
= tan™! 5.
67.43 % _

= 32.18°

19. C The raximum power that can'be genctated by
the impulse turbine shown in the figure is giveh
by equation 7.91: -

Eﬁfnmx —QP( I Vé; | )(l = £Q8 Ct')
\ _
= m( ”:: | )(1 - cos-a)'é
2
k ( 7_“) |
( —5) G | cos120%)]
Y \/f kW
T\ kemo gl e Nom
s/ s
= 20693 kW

20. B Use the Bernoulli equation:

In this case, py = py and Vi = Vs, 50

hm T &

120 m

o

The putiping power is then _ig'iveﬁ by.the e_quaﬁo'n
W= pghQ
: / . L3
= (1,000 %)(9.81 %)(1-20_ m‘)(sg:.r_n._,)
) 1 / ) 8% : s

o [ KW\
. kg-m. ] - N-m

& J\ Looo =

‘= 58,860 kW
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1 9'-2 Fluid Mechanics.

But this is-the power réquired fo pump the water: 21. A The velumetric flow rate through a venturi
flow meter is given by equation 7.108:

The pump will need somewhat more power to
account for its irrevérsibilities:

4 Q=i f2g (B4 2]~ gh"“z)
S - T VT - (A R Y
'mupnlicd o "
. W (080015 mP)
Wsup}ilied - - T
K ;- (0015m’
. —
— 58,860 kW 0.102 ro?
0:90°
= 65,400 kW - 1000 2 SN BV oL
. Afsy MY faod-kPy Y T (430 kPa) N
o L(.ﬂ;‘_i ~:.-J o B |
; S A ETI kPa 9.8 ?:*’;, Kla
: m ) m*
‘= (1.232 m/s
MOODY (STANTON) DIAGRAM o
T o i @ {mm})
Hivigted stol 0,003.0.03 0.5-2.0
‘Contreta 0.001,0.01 2330
-Castiron f.ounas, B.as’
Golvomizad imn R.6003 (A E]
-Commarcial steaf or
oghtiman  0.00015. 0.046
Drawm ubing 0,000005 0.0015
RT3
0.09
.ol . \\
‘007" ; . 006
. el 0 .
By 5 04
oo 1o b
& 1 <. r— AR .03
; = = N
A 1 [ T !
g.08 X BN i ‘ ooz
= o BeAR B 8018
w PR P e \\ A E R 8
N 1 SRS — g c.oia o
-4 Y 43 T+ N 0008 @
e SN o 4 i
2 aos IAN N - = X 008, £
= 2 B G N oooe. 2
= ] £ o04; @
: ) 52y
g L "---...,___I ‘%ﬂ- b m
2 F \’%\ 0oz =
) k) ..
o2 ¥ s :E \_\' pocIn i
A - S % cooms T
1] i L < . :':OODS
0018 SMOOTH PIPE - ;"'"-.._' = ] -T]0-0004
T | ey e N )
VLT N ] 0 Gooz.
LAMINAR TLRBULENT T = L Y )
e R R e IR (b o s - W v éoun
Tt ™ .
. Sl I~ T 000005
0.010 g .
0,008 ST T
oo : ; ' H o oono
wFo2 2 5 - - A T ] W z 3 5 w2z 3 0§ w32 a8 LI

REYNOLDS NUMBER, Re

Reproduced from “Friction Facters for Pipe Flow,” MOODY DIAGRAM, inTrans. ASME 66,1194’4.

Used with permission of ASME,

@seismicisolation


https://t.me/seismicisolation

9.5 Logarithms

221

(= LY+ G+ 3P+~ 2 =25

Its' general-fost equation is foind by expanding

and simplifying its standard-form equation:
AP+l -2t 6y—4z—11=0

2.%
Logarithms

The logarithmic function with base b.is defined by

y=log,x ifandonlyif x=h*forx>0

A base-10 logarithm, written as log x, is called a.

common logarithm. A base-¢ (e = 2.718...) loga-

rithm, written as In x, is called a natural logarithm,-
To. change fromone logarithmic base to another; use:

the change of base formula:

Toggx = -IM, a>0,a#]
log,b’
Four logarithmic identities hold for all bases 5,
with 5>0and & # 1:
1. log,l =0

398 =g u>0

_2. logbb =1
4. log,b"=u

If b> 0, b # 1, then, for positive real numbers x

.and y, there are three properties of logarithnis:

L loggiy = logyx + logyy 2. Iogb«w logxi— log,
3. logpx” = nlogyx

Example 9.9
Eviluate log,24 using:

A. common logatithms B, natural logarithms

Solution:
A. Use the change of base formula with-a = 10,
b =-4, and the common logarithm key on a
-calculator:

16g424 = —°5~2i =229

B. Use the change of base formula with a =,
b=4, and the natural logarithm key on a
calculator:.

In 24

Toga24 = 222 599
084 04

Example 9.10 _
Simplify each expression.
A, AlnixdT) B léggl'ﬁ‘f"_z

Solution:

A. Apply logarithinic. property 3, and use the
fact that 5'"°&:* = y, for « >0

.e_zfn(vvl-]]_ :__eln(_.r R S (x + 1)2_
provided thatx>—1,

B. Begin by applying tie _pfoperties of expo-
nents and matching the base of the exponen-
tial expression to the base of the logarithm:

log 1677 = log, (2%7% = log, 2%
Now, since logyb“= for any permissible
base b and any real number ir,

10g2 16.1!.‘“2 :logzzd\'s : 4.1‘ —~ 8

Example 9.11
Use the properties of loganthms to write each
expression as a-single logarithm.

A log(SO +2loggd — 3 Iog62
B. In(x* — 1) = 2n(x+1)

Solution: _
A, Begin with property 3 and then ‘apply the
other two logarithmic properties: '
logs50 + 2 loggd — 3 logg2. = log650 + 10g64" - log62
=10g:50 + logs16 — loge8
- 008

= logs 1-00

B. Assuming that x > 1, begm with property 3
and then apply-property 2, reducmg the frac-
tion to lowest termy:

InGx? ~ 1) = 2 In(x + 1)=1n(e* = 1) ~
= g t?. _ 1
(k1Y

_ 1_nx-—-fl
Sxtid

n{x+ 1)

Example 9.12
Solve each equation for x,

A 4™ '=100 B, 2~ lng-‘x log 3

@seismicisolation


https://t.me/seismicisolation

22 2 Mathematics

Solution: _
A. Begin by dividing both sides of the eguation
by 4 to isolate the exponential -expression on

one side;

e =25

Now, take the natural logarithm of ‘each side,
apply log property 3,.and solve for x:

In ! =1n25
(2x - Dine=m25

B. Begin by grouping the logarithms on-one
side of the equationand then condense thém
into a single logarithm by applying the prop-
erties of logarithms:

2—logx=1log3
log3 +logx=2
log 3x =2
Now, change to exponential form.and solve:
for x:

log 3x =2 if and only if 102 = 3x

implying that x = 1-{335

2.6
'I'i-ia_ngle' Trigonometry

The interior angies of 2 polygon are usually measured
in radians or degrees. The relationship between radi-
an measure and degree measure is as follows;

7t radians = 180 degrees

The sum of the interior angles of an n-sided

polygon is
(n— 2)180° or (n— 2

An angle whose measure is less than 90° (rt/2

radians) is cailed an acute angle, and an angle whose

measure is between 90° and 180° is an obtuse angle.
If an angle measures 90°, it is called a right angle.
The Pythagorean theorem states that in any right tri-
angle

¥+ y2 =2

as shown in Figure 9.9.

b
4 _
'('..'c,y).
o
{Opposite side of 8)
= - X.
N
(Adjacent side o 6)
Figure 2.9

For Figure 9:9, there are six trigonometric func-
tions:

1 smezz—:% '2._c_osﬁ=£=fqii'_l-f'
r  hyp # hyp
3.tallIE‘=‘V—=£"P'IEL 4. _cs_c‘.i-?=£=llXR
x adj y opp
5 sec-B—-};Zm .6.'cot-t‘);-.g-c-:.id'L
x¥  adj ¥ opp

Figure 9.10 shows in which quadrants the
trigonometric functions are posttive:

y.
A
Sine (+) AL (4
Cosecant (+)
1T 1
P L
ML TV
Tangent {+) Cosine (+)
Cotangent (+) Secant (+)
Fiqure 2.10

The inverse trigonometric functions are
defined as follows:
1. sin™ E, with —1< % < 1, denotes the angle
between —90° and 90° whose sine.is k.
2. cos™ !k, with —1 <k < 1, denotes the angle
between 0° and 180° whose cosine is k.
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3. tan~ ' k denotes the angle between —90° and
90° whose tangerit is .

The Taw of sines states that in a given triangle the.
ratio. of the length of the side to the sine of the angle:

opposite that side has the same constant value:

a . b I
sin A4 sm,B sinC

The law of cosines states that the square of the

length-of any side-of a triangle is the'sum of the squares.
of the other two sides minus twice the product of those .

two sides and the cosine of the angle between them:
a* =B+ ¢* —2bc cos 4

Iz and b are any two sides of a triangle and 8 i
the angle between those two sides, then the area 4 of
the triangle is
abgin 8

2

A=

Example 9.13 _
Given that sin 8= é’-, find cos @ if:

A. #8isacute. B. #is obtuse:
Solution:
If sin 8 =§~ then, by the definition of sine, y = 3
and # = 5. Hence, by the Pythagorean theorem,
L3 =5 nnplymg that x = 44,

A. If 8 is acute, theit 8 is in quadrant 1, where
cos @ >0, Hence:
x 4
cos f=—=—
B.. If 8 is obtuse; then #1is in quadtant II, whete
cos 9 < 0. Hence:
—4 4

X
Pmm = — e
cos o = ” 5 3

Example 9.14.
Given a right triangle with legs of lengths
5 meters and 12 meters, find:
A. the length of the hypotenuse _
B, the angle (in radians) opposite the longer leg

Solution: _ _
A. If z is the length of the hypotenuse, then, by
the Pythagorean theorem;,
2 =5+ 12

implying that the length of the hypotenuse is
z=13m.

9.6 Triangle Trigonq:'n_etry_ 2 2 3

Figure 9.11

B. If 9is the. angle opposite the longer leg; then,
by the definition of tangent,

: =opp . 12
tan 6 adj 5

Tofind 6, use the inverse tangent Key on a cal-
culator set in radian mode:

f=tan" ‘%2- =~ 1.176.1ad

Example 9.15 :
Each side of a hexagonal nutis 8 mm long, as
shown in Figure %11, '

A, Find distance x. B, Find distance v,
Solution:

A, Since a hexagonal nut has six szdes, the sum of
its interior ‘angles is. (6 — 2)180° = 720°,
Therefore, each interior angle measures 720°/6
= 120°, implying that triangle ABCis isosceles
with. #=60°, a5 shown in Figure 9.12;

. ¥ >
. a
60° 1
X A
) .
&
Figure 9.12 _

@seismicisolation


https://t.me/seismicisolation

22 4 Mathematics

“In the fight triangle in Figure. 9.12,

sin 60° ==

8

implying that & = § sin 60° = 6.93 mm. Thus:
x=2a=139 mm

B. Again, in the right triangle in Figure 9.12,

. h
| 6 o=
cos 60 2

implying that b= 8 cos 60° =4 mm.
Therefore:

y=2b+ §="16 mm

Example 2.16
Two angles of a friangle measuré. 62° and 48°. The
length of the side opposite the unknown angle is
52 cm. '
A, Find the measure of the unknown angle.
B. Find the Jengths of the unknown sides.

Solution: -
A. The sum of the interior angles of a triangle is
180°. Hence, if 8 is the unknown angle,.then

g = 180° ~ (62° + 48°) = 70°.

B. Let x and p be the sides opposite. the angles
that measuré 48°% and 627, respectively, To
find these unknown sides, apply the law of
sines by matching each side with the siné of
the angle opposite that side:

52 . x ¥

sin 70°  sin 48°  §in 62°

Hence:

_ 52 sin 48°

S ~4riem

and

_ 5255in 62°

————— = 48 9 cm
sin 70¢

Example 9.17
The sides of a triangle have lengths 22.5 m, 16.2
mi, and 14.9:-m.

A. Determine the measure i degrees of the
largest angle.
B. Find the area of the triangle.

Solution:

A. The largestangle in atriangle is always oppo-.
site its longest side. Hence, the largest angle
is opposite the side of length 22,5 m. If 4 is
the.largest angle, then, by the law of cosines;

22,52 = 16,22 + 14.97 — 2(16.2)14.9).cos 6
Solving for cos # gives

2252 ~ 1622 — 14.9°
~2(16.2)(14.9)

cos B=

The inverse cosine function in conjunction wath
a calculator set in degree mode shows that 8 is
obtuse;

o 12255 — 162% — 14.9°
#=cos- L
—2(16.2)(14.9)
B. From. part-A, the angle befween the sides of
lengths 16.2 m and 14.9 m is 92,6°. Thus, the
area A of this triangle is

] ~ 926

_absin 8 _ (162)(14.9)5in'92.6°
2 2

A =12 m®

9.7

Analytic Trigonometry

‘Below is a list of the most frequently used trigono-

metric identities. For additiona] trigonometric identi-
ties, refer ‘to the Fundamenials of Engineering
Reference Handbook,

1. sin fcsc =1 2. cos Bsec 8=1
3. tan @cot 8= 4, LA
o8 B cos 0.
5. cot f=—"— 6. sin* g+ cos?f=1
sin 8 ' '

7. 1 +tan®0=ge¢*9d 8, 1+ co’#=-csc’d
9, cos.(a * B)=cos & cos B T sin o sin
19. sin (o = )= sin & cos B * :cos ¢ sin B
11. sin 26=2 sin B cos 8
12. cos 260 =cos?0 — sin’f=2 cos’f — | =

[ —2sin’d

Example 2.18 o
Given that sin ©=2 and 8 is acutg, find:

H
A, sin28 B. cos (8 +m)
Solution: )
From Example 9.13, if sin 8= % and @ is acute,
then ¢os 8= % )

A. Usé trigonometric identity 11; then
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o _(3Y4y 2
26=2 sin B cos 6.=2(>
- s b cos (5)(5) 75

B. Use trigonometric identity 9; then

cos (#+ m) = cos Hcos ;v — sin Gsin T
{4 EA 4
5fm-(Fo-—3

Example 9.19

Simplify each expression to a single trigonomet-
ric function or-a constant:

‘cos2 8

A, cos ftan’8+cos § B, ———— —sin §

I —sind@
Solution:
A. Begin by factoring out cos 6.and then apply-
ing trigonometric identities 7 and 2:
cos.0 tan?8 + cos §=-cos @ {tan’9 + 1)
= cos §'sec’d
= (cos 0 sec B)sec. &
= (1)sec @
=sec @
B.  Begin by subtracting fractions and then apply
trigonometric identity 6:

| cOsfe — sin §= L0~ sin &1 — sin )
1 —sin & 1—sin 8
_ cos’f— sin @ + sin” 6
; 1 —sin @
_1-sing
l.—sin @
=]

provided that 1 — sin 8.0

Example 9.20 _
Write each expression as a ‘first power of the
cosine function.

A. cos?f B sin*0

Solution:
A. Use identity 12, cos 26 = 2 cos’g —~ 1, to
solve for cos*6:

cos 268 =2 cog’8 — 1
2 cos20=1+.cos 26
cos?g= %(1 +¢0s 26)
B. Use identity 12, cos 26 =1~ 2sin’9, to solve
for sin@:

cos 20=1— 2 sin’8

9.8 Complex. Numbers

2 s5in°0=1 — cos29
5in%0 = %(;.1- - .cofs 26)
Now; expréss sin” ' 0in terms .of the cosine.
function: _
sin®6 = s’ sin” 6

%{1 - ¢08 29) —-(I — cos-28)

1.~ Zcos 28+ cos 26

A
&,_L‘—‘

Finally, using the results gf part’ A, replace
cos® 26 with %('1 + cos 46);
sin*g = %[1 — 2 cos 28 +—:1i-(1 + ¢os 49)]
13 1
~1{3 _ 0+ X cos 46
4.(:2 2 cos 219_E 5 oS 46').
:-%(_3 ~ 4 cos 20 + cos 46)

9.8 -
Complex Numbers

The imaginary unit i is ﬂefincd'_ by
P="N-1

where £ = —1,-
A complex mumber z in rectangular form is.

-wntten as

z=.af-+;b

where a and b are real numbers?andg.i is.the imaginary

‘unit, as shown in the complex plane in Figure 9.13.

A complex number z in polar form is given by

z=r1e"® = r{cos § + :i:sin )}

where a =rcos 8, b=rsin 8, = Va® + b%, and

tan 6—— -as shown in Figure 9. 13,
The' complex conjugate of z = a+bilsz=a—
bi. The product 2Z is the nonnegauve real number

a + b

DeMoivre’s theorem is used to raise a comiplex
mumber z in polar form to an inte'ge'r power;

2= = (cos k8 + I sin k6)

Kz= re” =y (cos 8 + i sin ), withz= O0and n a
posifive integer, then z has exactly 7 distinct #th roots

Wo, Wi, W, ..., W,_1, Which are given by the nth
Toot formula; 1
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4 Imaginary

» Real

Figure 92.13

coszmin {8 F 20k
We = rlr’ner([l+21l:k}:_i_'r - r-“-"]:cos( |+
. n _

3 SIn(M)], fork=0,1,2,...,0—1
n

Example 9.21
In each case, convert the given complex number
to-the ‘indicated form.

A3+ 38 m-lpolar_ form
B. 4.4}_735‘32" to rectangular form

Solution: _
A, For3+3i,d=3and b= 3. Thus:
r=VE+ B e VE+3E=VIE=3V2 =424

Sittcé 3 + 3 Jies in quadrant T in the complex
_plane, & must be a f1rst—quadrant angle that
- 3
=1,
: 3
Hence '

B
f=tan" 1= 4 0785

3V/2 e 4 240078,
B. To express 4.47¢°*% in rectangular form, use

a calculater set. in radian mode:

447655 = 4.47(cos 5.82 -+ i sin 5.82) = 4.00 — 2.00i

Thus, 3 + 3i=

Example 9.22
In each case, given thatz, =3 + 57 and
z3 =1 — 5i, perform the indicated operation.
Aoz ]_22 B. AR

Iz

Solution:

A. To find the product of two complex numbers
in rectangular form, multiply each part of the
first complex number by each part of the sec-
ond complex number:

=3 — 15i.+ 5i = 25{*
=28 — 10§
B. To find the quotient of two:complex numbers
in rectangular form, multiply by the complex

donjugate of the denomindtor to obtain divi-
sion by a nonnegative real nomber:

z _3+5 @3+ 5p+5)
zz  L=35  (1—35)( + 50
_ =22 200
26.

=~ —0.846 + 0.769F

Example 9.23
In each case, given that z, = 5% and z,
3e*™% perform the indicated operation and write.
the answer in Tectanigulatr form:

A 747 B. z t+z

‘Solution:

A. To multiply (or divide) complex nunibers in
polar form, add (or subtract) éxponents:

iz = (536 = (56034250 = 152
Now, convert to rectangular form:
156*% = 15(cos 2.8 + i sin 2.8) = — 14,1+ 5.02i
B. To find the sum {or difference) of two coni-
plex hmmbers in polat form, convert the num-
bers to rectangular form and theh add {or sub-

tract) the réal and imaginary parts of thése
numbers, separately. Hence:

z; F 25 = 5¢% + 365

= 5{cos 0.3 + i sin 0.3) + 3(cos 2.5
+-18in2,5)

= (5 cos 0.3 + 3 cos:2.5) + £ (5510 0.3
+3 sin 2.5} '

=237 + 3274
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4 Imaginary

wi==1.14 +1,14§

R

» Real

wy = 0,419 - 1.56i

Figure 9.14

wg =1.56.+0.419i

Example 9.24
In each case, giventhatz = 3' + 3¢, find the indi-
cated power or roots and write the answer in rec-
tangular-form:;

A 2t B. the three cube roots of z
Solution:

A. From BExample 921A, z=3+3i=
3V 269 Hence, by DeMoivre’s-theorem:

g ¥ =4 ;

= (3V2e™ ) = (3V2) "™ = 304
‘Now, convert this answer to r'éc'taﬁg;ﬂar‘fbrm:
= =324+ 0i= —324

B. Again, from Example 9.21A, z=3 +3i =
3V 24 Hence, by the nth root formula,
‘this complex number has thiee distinet cube
‘Toots given by

324&™ =324(cosw -+ i sin )

W = (3V2) -1"3'85[(1:14)4'21:'&]4*3_
fork=0, 1, and 2. Hence, the three cube roots.are

Wo —-(3\/_) ea(mu) = 18”6(cos-— + isin ;1:2)

12
= 1,56 + 0.419;
. BT i
W= (3.\/5) g™ = 18.”6( 34 +1 gin %Tn)
=~ —1.14+ 1.14i ' '
Wy = S\f) e‘m"”z) = 181”rG cos&+ Lol
12 12
=—0.419 -~ 1.56i

-elements ayy, g2, .

Figure 9.14 shows the three cube'roots of
3 + 3i in the complex plane.

Note that wg, w,, and w, form the Vertices of
an equilatery] triangle. In general, the nth
roots-of a complex: nuruber form the vertices
of a regular n-sided pOIngI‘_l in the complex
plane. '

2.9
_Matrices

A matrix is a rectangular array of numbers enclosed

by a pair of brackets. Each number in the matrix is

called an element. Consider matrle with m rows and
1 eolumms:

a_” alz ans _aij. i alfl-
tdy L255 J a2_; Do iy,
A= : P E
a,-l a.!?'_' e a‘j T a,-"
dpy Lz - any‘_ e -

This matrix is of order m X 1 and can‘be denot-
ed more compactly by writing 4 = [a,,] where. a;;
stands for the element in the ith row, jth column, Two

matrices 4 = [a;] and B = [b;]} arc equal if both are
of order mX r and ay by for. all i=1,23,.
andj=1,2,3,.

A square matnx is a matrix of ofder n % 7. Thé-
» iy, ave called i main diagonal
elements. A .-square maﬁ‘ix of ordér-» X n, with the
digit 1 along its main diagonal and zeros elsewhere, is
called an identity matrix of order n X . The inverse
of a square matrix 4 of order X sris denoted by 4™

The product of a square matrix A and its inverse.4 0

is the identity matrix I

Tl = A“ IA ‘:I
The transpose of matrix .4, denoted by A7, is

formed by switching the rows of matrix 4 with its

columns.
Three rulés are used to add, subtract, and mukti-

ply matrices (inatrix division is undefined):

1. Matrix addition: If 4 = [a,] and B = [b,] are:
matrices of order m X n, then'the sum 4 + B is
a matrix of order m X n-defined by 4 + B =
[y + byl..

2. Scalar multiplication: If 4 = [a;] is a“matrix
of order m- X # aiid k is a redl number, theit the
scalar multiple k4 is'a matiix of order s X-»
defined- by &4 = [kay].
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3. Matrix multiplication: If 4 = [«;] is a matrix
oforder m X n and B = {b,] iy a matrix of
order.# X p, then the product 4B is a matrix of
‘order mi X p defined by using a.row times col-
umn procedure; that is, AB = [c;], where ¢, =
ayby + by t . ayby.

Example 9.25

25
‘In: each case, given the matrices 4 = |}3 0:[ and.

14
4 6
B = |—2 —5 |, perform the indicated opération.
0 3

A. 24 ~B B. A7+ B

Solution: _
A. Using the rules for scalar multiplication and
1atrix addition, proceed as follows:

25 4 6
24—B=24 +(~DB=2|-3 0|+ (~1){-2 —5
14 0 3

410 —4 —6 0.4
=|=6 0|+] 2 3]=|-45
2 8 0 -3 25

B. First, _find the transpo_se-.'matrjccs: AT'and BT
by ‘switching rows and columns:

A —[.5 0 4],_311(__18 [6"“‘_5 3_]

Now, use the rule for matrix addition to
abtain the sum of the transposes:

A+E [5- 04| |6 537|157

Example 9.26 _
. , S [3 4 57 3—4
{Fiven the mairices 4 = [2_ .3J, B = 1:_‘2_ 3],

2 —1
and C = -|:3 4:1,-. find each product.
0 -2

A. 4B B. C4.

Solution: _ _
A. . Since matrices 4 and B are square matrices of
arder 2 X 2, the product 48 is defined and is

also of-order 2:X 2. Using the rule for matrix
multiplication, proceed as follows:

_[3 4 347 _
=[5
33+ (H(-2) BN-4+ (4)(3)] [ J
23+ 32 =N+ (01

‘Since this product yields the identity mairix f
of order 2°X 2, matrices 4 and B are inverses
-of each other.

B. Since matrix ' has two colamns and matrix. 4
‘has two rows, the product €4 i§ defined and
is of order 3 X 2, since matrix C has three
rows and matrix A has two columns. Using
the rule. for matrix multiplication, proceed as
follows:;

2 -1
=5 a2 4)-
o —2

[@6) + 1@ @@ + (-HE3) 4 5]
(33 + (A2 G)H)+ (@)3) 17 24
(0X3) + (~2)(2) (0)4) + (—2)(3) -4 —6

Note that the number of colurans in matrix A
is not the samie as-the nuhber of rows in
matrix C. Hence, the product AC is not
defined. Unlike nmiltiplication of réal mii-
bers, matrix multiplication, in general, is not
commutative; that is, AC = CA.

9.0
Determinants and Inverses
of Matrices

A determinant of order » contains n’ elements
arranged in # rows and » columns and enclosed by two
vertical bars. The minor of an element a;; in a deter-
minant is denoted by M,; and represents the determi-
nant that remains afier deleting the row and column. in
which the element.a;; appears, The cofactor of an ¢le-
ment ay 1n a determinant, denoted by Cys differs from
M; at mostiin sign. and is given by Cy=(~ 1)‘"”Mr
The value of an ath-order determmant is -a sum
found by multiplying each element in any row or col-
umn by its corresponding cofactor, and then adding
the products. This sam is called the expansion of the
determinant by the specificd row or column. The
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expansion of a second-order determinant by amny row
or column is

dayy 2 .
o T Qnday T dyply
a1 G2z -

The inverse of an »# X # matrix 4 can be found by
using the inverse formafa:

4 = adj(4)
4]
where adj(4) is the adjoint of matrix A, obtained by
replacing each element in the transpose matrix 47
with the vatue of its corresponding cofactor. KAl =
0; then matrix 4 does not have an inverse.

-A system of »-linear equations in » variables
s X), with each equation written in the form,

(xlg;XQ,-...
axy + axiy + .+ gy,
the matrix equation

=k, may be represented by

AX=K

where 4 is an #.X n matrix containing the coefficients

of the variables, X is an # X 1 matrix.containing ‘the.

variables, and K is an #- X 1 mattix containing the con-
stants on the right-hand sides of the equations. The
solution of the # X n linear system of equations is
given by X = 47 'K, provided that matrix 4 has an
inverse.

Example 9.27

13 -2
In each case, given the determinantidf = | 30 1|,
-12 -4

determine the value of {1) the minor and (2) the
cofactor of the given element.

A ds B. a3

Solution:

As (1) To find Mj,, the minor of element a3,

delete the third row and. first column -of |4]
and-evaluate the- remaining determinant;

3oa o
0 1l =@M —2)0) =3

{2) The cofactor Gy of a3, is given by
Car =(— 1My, = My, = 3

B. (1) To find M, the minor of element: dya,
delete the second row and third column of [4]
and evaluate the remaining deterrhinarit:

13 . .

— = (D) - GBX-1) =35
12

(2)Thc cofadtot Cys of ay; is given by -
Gy =(~ 1)2}3}%3 =—M;= —

My =

Myy =

9.10 Determinants and Inverses of Matrices

229

Example 9.28
Evaluate each determinant.

A. [df = B. IBE

-I‘-‘h-l—iN

I
3
-1

Now

B D
- JR N SH T 6
o

Solation: :
A. Since element a,s = 0, it ls best to expand
about the second tow or' second column.
Choose the second row:

Now, :
= z2+1{3 3 -2
ol e
. oes| 13
Cos = C_Uﬁ‘s - 2‘2—5
H&nce

4] ='3C5, + 1o = 3(8) + 1( 5)=19

B. Since ‘the third column of this' determinant
contains three zeros, it is best to expand about
‘this colwnn;

(Bl= 3C)3 + 0Cyz + 0Cyy + 0043 =3Ci

Now, :
02 3 02 3
Ciz=(=D""04 ~2{=10 4 -2
20 4] 20 4

Since the first column of ‘this third-order
determinant contains two zeros, it is best to
expand about this column:

3
=20 4 2’ =32
‘Hence: .
1B =3C13 =3(—32) = -
Example 9.29
Find the inverse of each matrix,
) 12 =3
A A= [; ;] B. [ 2:3 _4:|
| -10 3.

Solution:
A. The inverse of matrix 4 is given by 4™' =
%@%ﬂ. Begin by firiding the determinant:

1= 3 -0 -we =
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To find adj(4), form 4” and then replace

each element in A" with its corresponding

cofactor:
321 . .. 3
Hence:
EN
A__.-I-__ adJ(A)z -2 3 — 3. —47
M I -2 3

To verify this inverse, show that A4t =
A7l4 = [(1) ﬂ the identity matrix ‘of order
23X 2

B. The inverse of matrix B-is defined by B~ P

—*:}ét— For the. determinant,-expand about the.
‘third row:

12
23

-3

. 2
. _— e F i 1331

! e 3(_ )3+3

=

To find adj(B), form B” and then replace each
element in B” with its corresponding cofactor:

121 9—-6 1
B'={ 2 3 0 implies adjBy=|-2 0 -2
34 3 3 =2 -1

Hence
. 830
: 9 —6 1 4z 4
iBi 4 3 -2 —1 I N |
“F 2z 7

To check, show that BB™'=B7'B=

100
[0 1 0], the identity mattix of order 3 X3
001 :

Example 2.30 _
Solve each system of linear equations by using
the inverse method.

A3x+4y=6 B. x+2p—3z=-1
2x + 3y=35 W+ 3y—dz=2
—x + 3z=5
Solution:
A, Let.

Then, by. the riles for matrix. multiplication
and equality of matrices, the matrix equation
AX = K is equivalent to the given system of
linear equations:

ERilSiH

The solution of this matrix equation is X =
A7'K, provided that A™' exists. Use the
results of Exariple 9.294to find X:

Tx]_[3 41761 _[ 3 —4|[6] _[2
yl 123 [5] |-2 3|5 3
Hence, the solution of this 2 X 2 system of

linear equations is.x.= -—2:andy =.3.
B. Let

12 -3 [x -1
B=| 23 -4, X=|y|, and K=] 2
-10 3] z 5

Then, by the rules: for matrix multiplication
and equality of matrices, the matrix equation
BX = K is equivalent to the given system of
linear equations:

e

The solution of this matrix equation is X' =
B7K, provided that Bt exists. Use the
results.of Example 9.298 to find X:

TR

Hence, the solution of this 3 X 3 system of
linear equation js x = 4, y = 2,.and z = 3,

o
w
2

R PR P N
B ol

2.11
Vectors

A 'vector is.a directed line segment in space that rep-
resents a force; a velocity, or a displacément. The
basicvectors, denoted by the boldface letters i, j,and
k, are directed line segments in the rectangular coor-
dinate system from the origin (0,0,0) to points
(1,0,0,. (0,1,0), and (0,0,1); respectively. The posi-
tion vector of 4 point in space, denoted by OP = xi +

vj +zk, is a directed line segment from the origin

@seismicisolation


https://t.me/seismicisolation

Mechanics oi Materlals

Masoud Olia, Ph.D., PE

Introduct'ion

Mechanics of materials is the branch of mechanics that relates extérnal
loads applied to a body in‘equilibrium to internal forces and thie: subse—
guent deformation of the body. In this chapter the concepts of stress and
strain and their relationship are introduced. The deformation of axially -
loaded members is also presented. The torsion and the bending of struc-
tural members are analyzed. Structures under combined: loading, as Well as

the design of columns, are discussed.

10.1 Normal Stress
10.2 Shear Stress
10.2 Normal Strain
10.4 Shear Strain

10.5 The RelatiOnshi_p-_.of Stress and.

Strain
10.6 Thermal Strain
10.7 Poisson’s: Ratio
10.8 Deformation in Axially Loaded
Members '
10.9 Torsion:
10.10 Bending
10.11 Transverse Shear Stress
10.12 Combined Loading
10:13 Principal and Maximum Shear
Stresses
10.14 Thin-Walled Pressure Vessels
10.15 Columns’

@seismicisolation

10.1
Normal Stress

Consider a bar with constant cross- sectmnal area,(pris-

-'ma‘uc) under - the action of a constant . force that is

applied at the centroid of the bar. The' siress is defined

-as the load, P.divided by the area (load per. _umt_area)

A, and js called normal stress, denoted by o, If thie bar
is in'tenision, the stress is called tensile stress; if the bt
is compressed, the stress is called compresswc stress.

-Stress has units of pounds per squate inch (lb;‘m or

psi} in the English system and newtons per square
meter. (N/m?) or pascals (Pa) in the metric system.

P
CoA ;
= tensile stress () [10.1]

O, = compressive stress (—)

> P Tensile

N

Figuie 10.1
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Example 10.1
For the composite bar shown below, determine
the normal stress in each section.

N ..x-’/'.-/c.

10 kips
Figure 10.2
Solution: _
Ty = 110—2= 12.73 ksi (tensilé)
4
15 . .
Opc =g} 5 = 4.77 ksi (tensile)
4
e
10.2

Shear Stress

If two plates are bolted or glued to each other, the
stress parallel to the area of contact, 4, is called the
shear stress and is denoted by T,

1% .
=— 10.
= [10.2]

where V= shear load,

A, = shear area.

-Bolt
/ g
P zl .
Figure 10.3

Example 10.2 _
If the allowable shearing stress in the bolt. shown
“below is' 350 MPa, detérmine the minimum
diameter of the bolt.

. 78 .
200 KN % 200 kN
" ] | % I
Z
'I// I
Figure 10.4
Solution: .
This is a case of double shear.
Po200 .
r= £ 2 20 00N
4 2 2
¥ V1001070 oo s
= =—=—————— = 2, X 10
e A = e~ 287X 0
] 15 2 Tt
ae [ [AREsx10T oo
T \ ¥
10.3

Normal Strain

‘Consider again a prisimatic bar under the action of a

tengile load. The initial length of the baris /, and after

the load is applied the bar elohgates by 8. Nermal

strain i§ defined as the ratio of change in lengthi to ini-
tial length and is.denoted by . If'the bar is in-tension,

the strain is called tensile strain, If the bar is in com-

pression, the strain is cailed compressive strain. Note

that strain is dimensionless.

.8
€
g, = tensile strain [10.3]

£, = compressive strain

Ry A C U —— ey

Figure 10.5
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10.4
Shear Strain

Congider the sitess element under the sction of the shesr
stresses.shown it the drawirig below. The shear stress on
each side (face) must be the same in order for the sfress
element to remain in-equilibrium, Shear strain, denoted

by v, is‘defined as the change in the angle between two.
sides of the stress element -from the 90-degree initial

angle. Shear strain is'a'measure of distortion of the ele-

ment under: the action of shear stresses. Shear strain is

dimensionless, and its unit must be:radians.

T

T «——eeo—

Figure 10.6

tany=y="> [10.5]
A1 7 ¥

10.5
The Relationship
of Stress and Strain

The relationship of elastic siress to elastic sfrain is
based:on a law known as Hooke's law:

o =E& [10.6]

o (stréss)
A

[ :

7 -
Elastic zone € {strain)

Figure' 10.7

10.6 Thermat Strain

Here, E is-a.material property known as the mod-
wlus of elasticity or Young’s modulus, For example, £
for structural steel is about 30.X 10° psi or 200 GPa
If the relatlonslup between stress and strain is repre~
sented graphically, then E is the s]ope of the: straight
line in the linear zone.

Hooke’s law can be applied to'a meniber in ‘pure
shear (i.z., a shaft. being twnsted) and relates shear
strégs, 7; to shear strain, v:

T=Gy [10.7]
where G is a'material property known as modulus of
rigidity. .

Example 10.3 -
For the rectangular block shown below, & = 500
MPa. If the lower plate-is fixed and the upper
plate moves through 0.7 mm as.aresult of applied
force P, détermine the value of force P,

Figure 10.8
Solution:

OTmm
e == (1016
42 mm 6 rad

7= Gy = (500 MPa)(0.0166) = 8.3 MPa
V

T= A A T
= (8.3 X10%)(0.05 X 0. 15) 62,250 N

Thermal Strain

Ifabaris constramed, as the temperature changes the
bar will deform. The strain due to change in tempera-
ture i3 called therinal strain.

Er= alAT _ ['1_0.-'.8]

Here, a is the: coefficient of* thermal expansion,
with umits of 1/°F or 1/°C, and is défined as'the strain
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E

SO
TN

Figure 10.9

dhie to a 1-degree change in temperatire. Note that o,
like £ and G, is a material property.

10.7
Poissons Ratic

‘Consider a bar under the action of a load. The direc-
tion'of the load is axial direction, and perpendicular to
the axial direction is lateral direction. When the load is-
appliéd, the bar will elongate in the axial direction, biit
at the same time it will contract in the Jateral direction.
Poisson’s ratio, denoted by v, i defined as the negative
of th_e-rai_tjo of the laterat strain-to the-axial strain,

Lateral
AT T T T T T T T . p _
g - | Axial
A
Figure 10.10
v= — E'.Ialr:r:ﬂ [10‘9]
8::,\5:&1

The three properties £, ‘G, and: v are related to
“each other as. follows:

E

[10.10]

Example 10.4 _
The plastic rod shown below is 150 mm long and
12 mm in diameter; Determine the change in
length and the change in diameter that occur
when a 400-N load is applied if, for the plastic,
£ =25GPaand v =0.4. '

400N E ) V400 N
r«-—i_ 150 1) =mermrm e

-Figure 10.11

AROON

Solution:

o= Egﬂx'i;tl
oo P 400  on
8‘:m_ml E ) 0.0044

3:—;(0;012)"—?(.2-,5 X 10%)

& = €244, = 0.666-mm increase in length

Elagerd = — Vel = — 0.4{0.0044) = —0.00177
Ad = derier = (12 mm)}(—0.00177)

Ad = —0.0213-im decrease in diameter

'E. 0:’3
Deformation in Axially
Leaded Rembers

For an axially loaded member (refer to Figure 10.10)
the axial deformation can: be deterimined by using the
followinig equation:

P -
= 101
* [10-11]

Example 10. 5
The citeular steel rod (£ = 30 X 10° psi) shown
in Figrire 10.12, which is 2 inches in diameter, is
loaded axiaily. Determine the load P that cabises
a-deformation of 0.1 in in the rod.

Y .
. ()—-—*P

. Y

.. " _.20" ‘;_E

Figure 10.12
Solution:
- P _ dEd
(0.1)(30 X 106_)(%22)
A B .
E, 4 e Py E5, Ap P

Figure 10.13
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For a composite structure (stepped shaft), the
summation form of the equation. can be used to
detéimine the total axial deformation.

Y.l _
8= E_jf;:«i [10.12]

Example 10.6 _
Using Figure 10:13, determine the total ¢loniga-
tion of the:stepped shaft for the following values:

Py'= 10 kips, P, = 5 kips
E\ = Ey =30 X 10° psi
dy=2in,dy = 1in

¢, =20n, & = 15'in

Solution:

8= z»-m = (%)w * ._(%)Bc

- (15 X 109020) (5 X 10°)(15)
T\ @ox 106)_(1:15_22) i '(_3'0"><._1106)(%:~1_2) 

= 0.006366 in

10.9
Torsion

If a straight bar with constant cifcular cross section (i-e.,
shaft) is fixed at one end and is twisted by a torque at the
other end, such a member is said to be in pure torsion,
When the shaft is twisted, shear stresses.are devel-
oped throughout the shaft as a resiilt. The shear stress
varies as a function of radial distance, r; and is maxi-
mum at the surface when. » is maximum (i.e., 7 = c).

_Tr _Tec
T T = T

- - [10.13]

Here, J is called the polar moment of inertia; for
a circular cross section (shaft) J=mnd"/32 or J=

Fig_ure 10.14

10.2 Torsion

Flgure 10. 15

1ic*/2 and has unifs of inch® or meter”. (Refer to Table
2 in Chapter 11 for formulas to-determine.J.)
Twisting will also. cause the: shaft to deform.
(dlstortlon) The: angle of twist, (d)) for a shaft of
length L, under the action of torque T, is given by the
equation
TL

‘i’:'@_}

[10.14]
Here (G is the shear modulus- (ﬁlateﬁal property),
and ¢ is dimensionless-and should be expressed in
radians.
Note that for a hollow shaft the polar moment; of

inertia, .J, is given by

ds—|

Figuire. 10.16

_mdr-dY . wmet - .
J= = . W
i =R s
where 4, and ¢, are tlie outside diémcter dn_d"-ra&ius,
respectively, and d; and ¢; are the inside diameter and

tadius, respectively.

Example. 10.7
For the hollow cylinder shown in Figure 10 17
deterinine the torque, 7, that.causes a maximum
shearing stress of 400 MPa.

Solution:

o mdF —dP) _ mt - 15h
"33 32

J= 1.074 cni? = 1,074.X 107 m*
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Figure 10.17

Te,

T
Tmax = J = 7=

Lo

_ (400 X 10°Y(1.074 X 1075
0.01

=429.6 N-m

Example 10.8
Using Figiire 10,17, detérmine the anigle of twist
for T'=3500.N : m and G =100 GPa.

Solutidn
=1L (500)(0.24)
GJ (100 X 10°%1.074 % 1075
For hollow, thin-walled shafts; shear stress canrbe
determined by using the equation

=011 rad

T

2:At

where ¢ = thickness of the wall,

[10.16]

Ay, = total mean area enclosed by the shaft mea-
sured to the midpoint of the wall.

10.10
Bending

A béam is defined as a long, prismatical structure
designed to support loads. at various points along the
itiember. In most-cases, the loads are applied perpén-
dicularly to the axis of the beam and cause. only ‘shear
and bending in the beain.

internal Forces

Consider the simply supported beam shiown in Figure
10.18.

If the beam is cut at a certain Secfion, it is
observed that, for the left or right section to be in

Figure 10.138

equilibrium, a shear load, ¥, and a bending moment, 3,
must be present at that section: The shear load and the
bending ‘momient are called “internal forces. Note in
Figure 10.19 that the directions of 7 and M for the left
and right sections of the beam are indicated by the sign .
conventions used for positive shear and positive moment.

Ty oL
TR’A_ v T Rp
Figute 10.19

To determine thie internal forces; do the following:

1. Determinie the veactions at the Suppovts.

2. Curthe section where the internal forces are to
be caleulated, and diaw the free-body d;agmm

3. Use equilibrium equations to determine the
internal forces.

Mote that-the result is the same regardless of the sec-
tion (right-or left) used.

Example 10.9
For the beam -shown below, determine the shear
force and the bending moment.at a point 2 m to

the right of point 4.
200N/m 500N 1,000N 200 N?’m
JOTT | |
’ | 2m—-—;-
im Smi2m tTm 1OOON V

Figure 10.20

Solution:

First, calculate the reactions:
EMs=0
B(10) — (1000)(9) — (S00)(7) — (1000)(2.5) = 0.
B=1,500N, 4= 1000N

Now, ‘determine the internal forces by :cutting the.
‘beam at a pomt 2 m'to the right of point A -and apply-
ing the equilibrium equations;

7= 600 N, M = 1,600 N-m
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Shear and Bending-Moment Diagrams.

‘Since determination. of maximum shear and bend-
ing moment is important in design, it 1§ more con-
venient to. plot shear and bending moment along
the beam than to cut many sections to calculate
‘these values. The ‘graphs obtained are called the
shear diagram and the bending:moment diagram,
respectively.

Drawing Shear and Bending-Moment
Diagrams

The foliowihg relations hold:

dv_. Yz 2
= LI v = J;l wdx  [10.17]

where w is the distributed load acting on the beam.

Net shear force = —(area under distributed load from
¢ 10 Xz)
o JMidM gl pix [10.18]

Net bending moment = (area under shear load from
xl to x;)

Example 10.10
- Draw the shear and bending-ioimeént dlagrams
for the beam shown.

600N 500N

A ¥ B

*<- I |- | =i __rI

2m 3m im

Figure 10.21

Solution:
Fitst, determine the reactions.

EMA =0
B(10) — 500(5) — 600(2) = 370 N.
3F,=0
A+ B—500-600=0
A=T30N

“Then draw the diagrams,

10.10 B%en'diﬁs 263

600 500.

i

730 ; 370:
V(N}.
A
730
130
= X (m)
=370
M (N-m)
A
1,850
1,460
> X (m)

‘Figure 10.22;5

Example 10.11
Draw the -shear and bendmg-momcnt diagrams
for the beam shown.

200 N/m

in "

"'.: 6m bl Bl

Figure 1 '0.235

‘Solution: _ o
First, determine the reactions,
My =0
B(10) — (200)(6)(3) = 0 =B = 360.N
SF, =0
A+ B =~ 200(6) =
A=840N
Then draw the diagrams.
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200 N/m
840 360
ViN) A
840
. =X (m)
360
M (N-m) 4
1,764
2 TN1440

Figure 10.24

Stresses Due to Bending

Consider a prismatic beam that is bent under the
action of applied loads, as shown below.

W M g)ff
s\ 4 ¢ clr%lss

section

.Figuré 10.25

The: bending stress, also known as the flexural
stress, can be-determined by using the equation

g= [10.19]
I
wheére o = bending (flexuril) stress,
M = bending morient ata given point,
¥ = distance from the centroid (neutral axis).
1o the point wherte the stress-is to be
calculated,
1" = area moment of inertia with respect to
the'axis of bending through the centroid.

The maximum. bending stress can be determined by
using the equation

Me

—— 10,20
T =~ [10.20]

G..

< I M — i
0:0.{ }) i Tyg*fgsttal

S

Cross section
Figure 10.26.

where ¢ is the perpendiculdr distance from the neutral

axis to a point farthest away from the neutral axis

{top-or bottom fiber).

Note that the stress distribution along the cross
section is; linear and the stressis zero at the centroid
(neutral axis).

Example 10.12
Deterrnine the maximum bending stress for the
beam ‘and loading of Example 10.10 with the-
cross section shown below.

2 cm

6-cin

2cm 2em

2cm

Figure 10.27

Solution:
For the moment diagram of Example 10.10,

A’._!max = 1-:850 N-m

To-determine the maximum bending stress, first
determine’ the area motuent of inertia with
respéct to the neutral axis (refer to Example
11.24 in Chdpter 11):

7= 100"cm*
Then calculate the maximum stress:

Tpax = I — 100-X 10_3 = 92 5 MPa

Note that this i§ the maximum coinpressive stress
that oecurs at the top fiber.
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10.11
Transverse Shear Siress

The stress developed in a structure as a result of &

shear force, V, is called transverse shear stress and is
denoted by T,

)

P [10.21]

where ¥ = shear force at a given point,

Q = first moment of area with respect to the;
neutral axis =.EyA.x-J-ydA,
I = area moment of inertia with respect to
the-neutral axis,
t = thickness of beam at position 3 for which
" the shear stress is calculated. -

Note that the shear stress is zero at the top and

bottom fibers (free surfaces) and is maximum at the
neutral axis.

Figure 10.28
For the rectangular cross. sections:

37 nm

Tmax 54
where 4 = cross-sectional area.
- For the solid circular cross sections:
_av 33
Toax = 3 [10.23}

Examp!e IO 13 :
Determine the maximum transverse shear stress
for a 40 X 60-cm trectangular beam with :the
loading of Example 10.11,

Solution:

For the Shear diagram -6f Example 10.11, the
" maximum shear load ¥ = §40 N.

Since the cross section of the béam is Tectangu-
lar, equation 10.22 can be used to determine the
maximum transverse shear s_t‘xe_ss:

Trmax = 2A 2 0.24)
10.12

Combined I.oading

Consider a structiral member 'subje(’:ted to some com-
bination of axial, bending, and forsional loads.

L

{“’%ﬂ s

&

Ty —— 7
Stress clement

Figure 10.29 -

To determine the maximum sfresses (normat

‘and shear), first locate the point where the stresses

‘are miost sevére. For a cantilevér beam, this point is
located at the fixed. support. Once the stresses due

.to different loads are calculated, they can be _repre-
sented on a very small element {stress. element) and.
_then max;mum normal and shear stresses can be

called pnnclpal stressés; and the_p_lanes at which
these stresses. occur are called prinicipal planes:

Example 10.14
Deterrnine the normal and shearmg siresses at
po_l_nts A-and B'in the figure below.

2,000 b

Figure 10.30 .
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Solution: o o
7= M,= —1,000(10) = —10,000 1b - in

M, = 1,000 (20) = 20,000 Ib - in
¥, = 1,000 Ib
P, =20001b

I= %(1)"-‘ = 0.7954 in*
J=2[= 1,57 in*

A= %(2_)2 =314 in®

Atpoint A
0. = M. + E _ _20,000(1) n 2000
L A 0.7854 3.14

= 24,828 psi (compressive)
_ Tc _ (16,000)(1) _ 6,369 psi

Y 157
‘At point B:
g = A 34 637 psi
= 16 AR (10,0001 _ 4(1,000)
T 34 1.57 3(3.14)
= 5,944 psi
10.13

Principal and Maximum
Shear Stresses

To determine the principal -stresses -and maximum
shear stress and their planes:

Ty Oy

l oy

Figure 10.31

use the following equations:

- oot MZ+T3
Opyipy = Tma,mity. 9 - . ) Xy

tan 2, = — 20 [10.24]
O, — O, :
Tmax ™ _._________Mnax ; .Umbn = \/(““'—“‘"—“—M; i .)2 “'I“ 'Tx_vz
tan 26, = — Tx 0
Also note that
B, =8, £ 45 [10.25]

Example 10.15 _
Determine the principal and maximum shear
stresses of Example: 10.14 for-point 4.

Solution: |
Oy = ""24,828 pSI! ()'y = 0
Ty = 6;369 psi
Using equation 10.24:

Ops = _2‘;828' + \/(-24}2,823)2* -

oy = 1,538 psi, > = —26,366 psi

T = \/(%)i (6,369 = 13,952 psi

10.14 |
Thin-Walled Pressure Vessels

Cylindrical and spherical pressure vessels are nsed in
industry for boilers. or storage tanks. The term “thin-
wall” refers to a tank for which the ratio of inner:radius
to thickness is equal fo-or larger than:10(z/f = 10).

Cylindrical Vessels

For a.cylinder of inner radius # and thickness ¢ that is
under pressure P, circumferential (hoop) and longitu-
dinal stresses-are developed in the vessel.

- fr

p [10.26]

Coie = Fpggp = O

P

CTlong = T2
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Figure 10.32

Example 10.16
A cylindrical pressure vessel has an inner radius
'of 2 m and a thickness of 3 cm. Deterniine the
maximum internal pressure this vessel can. sus-

tain so thatits circumferential stress.component

will not exceed 120 MPa,

Solution:
o= &2:' P= o
i ¥
e .
po (120X 1?.-0 HO03) . 1 g Mpa

Spherical Vessels

For a thin-walled spherical vessel subjected to inside
pressure P;

Figure 10.33

the stress at any location is given by the equation

10.28
2 {10.28]

Tiong = T1 = Ty

10.15
Columns

A column is defined as a long, slender member that is
loaded axially in compression. In designing a column,

the following rules must be fol_Ici_wéd: '

10.15 Co?lumns 267

1. The normul stress due to the applied load
should not exceed the allowable stress.

2. The axial deformation should not exceed the
allowable deformation. :

3. The load applied must be less than the critical
load that causes buckling.

Figure 10.34.

- If'a column is pinned at b_ot’h-? ends, the smallest
critical load P is. given by the equation

. _ TEl .
Equation 10.29-is known as Eulers forinula.
For other énd conditions, the equation
P =f5‘§£ . [10.30]

can be nsed. Here, L.is called the. eﬁctive length and
is shown in Figurel0.35 for four eh‘d conditions.

H N
(i) One'fixed énd, (b) Both ends (¢} Onefixed (<) Both ends
one free end pinm:d

cnd, one fixed
pinned end .

Figure 10.35.

Example 10.17
‘A 2-m-long, pin-ended column: of square cross
section, for which each side is 10 cm, has E = 12
GPa and o,y = 15 MPa. Defermine the miaxi-
muin allowable Toad that can be applied.

Solution:
Use Euler’s formula.
4 .
=t g3 x10omt
12
WEL _ (3.14Y(12°X 10°)(8.3 X 107%).

FIC 22
=246.74 KN :

Pcr=

@seismicisolation


https://t.me/seismicisolation

2 6 8 MecRanics of Materials

Now determine the Ioad based on allowable "The maximum load that can be applied to this
stress. column is the smaller 'of the two loads. Therefore:

P = (15 X 10°%(0.1)* = 150 kN
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PRACTICE PROBLEMS

1. Determing the normal stress in section.4B.

7 10
'y B : 'I' . C
v 0 mm 30k 50@_
z !
7
Figure 10.36
(A) 0.095 MPa
(B) 0.255 MPa
(C)0.159 MPa.
(D) 2.6 MPa
2. Detérmine the normal stress in Tink 48 if 48 has

a cross-sectional area of 400 mm>.

Figure 10.37

(A).0.065 MPa
(B) 0.075 MPa
(C) 0.113 MPa
(D) 0.05 MPa

Ifthe allowable shear stress for the bolts is 10 ksi,
determine the minimum.required diameter of
.each bolt.

}\:4’0{}lh.

Figure 10.38

Practice Prot;ilems 269

(A) 0.2 in.
(B) 0.225 in-
(€)-0.3in

D) 0.113 in

4, If member 4B elongates- 10'mm as aresult of the

applied load, determine the. normal strain in 4B.

Figure 10.39

(A) 0:0033
(B).0.002
(C) 0.0025.
(0)-0.001

5. Determine the approximate vertical displacemieit

of plate 4. Each pad has. cross-sectional dimen-
sions of 30 X 30 mm and G = 3 MPa.

cl |pad| |Pad] Ip

40mmj ’ L-;_d,omm
(-
160N

Figure 10.40

(A) 5:mm
(B).1.48 mm
(C) 1.1 mm.
(D) 0.2 thm
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'6.. Determine the load required io decrease the 9. If the allowable shear stress is 900 KPa, deter-

diameter of the rod by 0.003 mm if £ = 4 GPa
and v = 03

) .'J: 15 mm ' - P

k,

e 250. mm ———————-

Figure 10.41

(A)800N
(B) 205 kN
(C) 253N
D471 N
. Detérmine the chahge in temperature required to
close the 2-imm gap between the sections.

v {ﬁ
’ Brass Steel ' ”f
i’y o
U« 600 nun ——>| |« 500 mitt —{”
Brass Steel
E =100 GPa E =200 GPa
o=21%1061/°C  o=12x10-61/°C
Figure 10.42
(A) 108 C°
(B) Ssco
(©85C*
(D) 20 C°

. Determine diamoter d if the deflection o_f';point- s
is 0.044 i and E = 30 X IUﬁ'p'Si for both sec-

tiotis,
/ 1.25-in diameter
d
F Foi
([ Y 13 Xips

B

41t st 3 fp e

Figure 10.43

{A) 025 i
(B) 0.7 in
(C) 0.37 in
(D) 0.625 in

mine the required diameter of a-solid shaft under
the action of a 1,500-N + mi-torque.

(A) 0.209in.

(B)Y 0.0091 i

() 0.121"ih

(D) 0.263 in-

; Determine the angle of twist for the hollow shaft

if G =80 GPa.

el L1 2+ v

E‘ S5cm 3

——

7= 1,000 N-m

e
Figure 10.44

(A)0.0127 rad
(B) 0.00136 fad
(C) 0.001 rad
(D) 0.52 rad
1. Determine. the bending moment at the center

(point C}of the beam,

200N

- 100 N/m
A .\ . L \‘r-' k ] Y¥Y Yy -B
3. » 1_1' 1 6 m
<~——5m >

Figure 10.45

{A)-600 N'm.

{B) 330 N-m

{€) 1,600 N'm.

(D) 480 N°om
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12. Determine the maximum magnitude of the bending
moment in the beam. The bending moment at each
end:.of the beam s zero; and there are no ¢oncen-
frated couples along the beain..

Vkn) $

X ()

N

-12

Figure 10.46

(A) I8KN -m
(B) 6 kN - m
(C) 22 kN -im
13. If'the allowable bending stressis 5 ksi, determine
h.

40 Kip-in

Figure 10.47

(A) 4 in
(B)4.9 in
(Cy3.2in
(D) 2'in
14. Detérmine the maximum bending stress for the
beam.

200 N/m B00N

Y ¥ Y ¥ v 6 cm

SOOI

- Zm >e——2m > 4cm

Figure 10.48

(A) 66.7 MPa,
(B) 50 MPa

(C) 252 MPa
(D) 5.55 Mpa

15. If the allowable bending stress. is 10 ksi, -deter-
mine the diameter of the shaft loaded ds. showmn.

200 1b/fe
Y Y Y Y Y ¥ Y Y Y Y Y ¥ Y ¥ l
8 ft
Figure 10.49
(A) 1.17 in :
(B) 3,5 in
(€27 in
(D) 2.35in :
16. Determine the maximum transverse shear stress
for the beam. :
. 300N 200N
F r Y
7] - - y
a«‘_z-m > 5m — 4 cm
- _ 2em
Figure 10.50
(A) 0.94 MPa :
(B) 0.625 MPa
(C)0.375 MPa
(D) 0.833 MPa

17. Determine- the normal stress at point 4 for the
shaft. :

500 N
A4 !

7] 3

10-cm 200N

N

- 2m >
Fi_g_ure 10.51;

(A) 25.46 MPa
(B) 10.18 MPa:
(C) 10,16 MPa
(D) 10.21 MPa
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18.

19.

60

20.

Determine the maximum tensile stress for the
stress element.

' 50 MPa
10.MPa.

20'MPa
10 = T
50
Figure 10.52

(A) 51.4 MPa

(B)21.4 MPa

(C) 36.4 MPa:

(D) 20 MPa

Determine the maximum shearing stress for the

stress element,

20

60 MPa

20 MPz
Figure 10.52
(A) 20 MPa
(B) 30 MPa
(C) 36 MPa
(D) 25 MPa
Determine the maximum pressure for a. 60-cm-

diameter cylinder, with thickness of 0.5 cm, if the
allowdble tengile stress is 150 MPa.

(A) 2.5 MPa
(B) 1.25 MPa
(C) 5 MPa
(D) 1.2 MPa

21.

Determine the thickness of a 100-cm-diameter
sphere under a pressure of 600 KPa if the allow-
able stress is 150 MPa.

(A)2 cm
(B) I cm
(C)1.5cm
D) 0.5cm
22. Determine the effective length of a pin-ended
square (20 X 20 ¢m) column under a- [50-kN
compressive load if £ = 15 GPa.
(A)7.25m
B)39.7m
(C)11.5m
M225m
Answer Key
1. B 7. A 13: B 18. A
2. A 8 C 14. A 19. C
3.D 9. A 15. C 20. A
4.8 10. B 16. A 21. B
5 B 11. B 17. D 22. C
6 D 12. C
Answers Explained
1, B P,y = 80 kN in tension, and.
Typ = _PHB' = ”"ﬂ"-“gg— = 254.6 MPa
Aip Z(0:02)°
2. A Draw an FBD of member BC, and take: the
‘moment about point ¢ IM, =0, Then Fy =
23.98 kN, and
_ Fap_ _ 3598 oo
oup = = e 10T = 0065 MPa
3. D Here, 7=, and A, == —100_ -
A © Tar 10,000
0.01 in®. Then:
a= (- (A _ 611981
@
4. B In this case:
9 _0mm _ o
T 5,000 mm 0.002
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5. B This is a case of double shear, ¥ =— = 10. B For the hollaw shaft, J = —(0 1* — 0.05% =
50 N, and 2 9.2 X 10~ m*, Then: _
V80 e _TL _ (1,000)(1)
TTA T 9001078 0.035 Mba. = (80.X-10°)(9:2 X 107%
Alsos = 0,00136 rad
T=Gy : :
; 11. B Fitst, determine the reactions:
=L 005 _ 40185 tad =
Ve 3 TF B=430N 4 =320N
Then; Chuit the B’ea_m at point C, and use either the left or.
L the tight side of the bearn:
y = (40 mm)(0.0185 rad) = 0.74 m e fight side of the beam:
SMc=0 and  Mc* 1,150 N-m
6. D In this case:
0.003 . 12. C The area under the shear diagram is equal to
Elateral :“F =0.0002  and the net bending moment; 50 My, = 22 kKN-m
_ oy _ 00002 _ _ :
Caxial = ; T 03 0.00066 13, B In this case:
Also: | 40,000 g
a P Finax = Mrﬁ-uc 5,0{}0m 1 -
it = 5 = o7 I = Al o
E EA 12
P = Edewia = 471N Then b = 4.9 in;
7. A Here: 6= 2alAT 14, A The maxirmum moment W'iil occur at'the sup-
AT & port and i$ equal to 1,600 N-m, so:
Zed = M€ __0 ,600)(0.03)
- S — IR (0 04)0.067
(21 X 107%)(600) + (12 X 1075)(500) N
= 108C" = .6.6-7'.MP3-

o 15, C The maximuim moment will oceur at the ¢en-
8. € In this case: ter of the-shaft and is cqual fo 1,600 lb-ft =
19,200 tb<in. Then:

fd
_ 19,200 -)
_ MG =__-( " )(2

P
g W

o .
; . v max . . T 4
0:04 _13,000_6/ 48 w3_6 , I Zd
30 X 10 k_.‘_{_(__l__zs}z. e 6
. 4 and-d = 2.7 in.
Thien d = 0.93 in. _
16. A The maximum shear load V = 300 N For a
. o 16T re‘CtanguIar cross section:
9. A For asolid shaft, = ———C}; Then:
g
T= 3(500) = 0.94 MPa.

.:2'4.1 2(0.02)(0.04)

36T afeas00)
d \/m #(590,000) 0.209 in
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17. D At point 4:
M + P _ (1,000)0:05)

G4 =

14T gy
20 _ 1021 MPa
oy

18. A For the stress element;

_20-50

'O-P_r{pz - 2

jc\/ [2%&% (100ma = 51:4 MPa

19. C Here,

e \/(_.@0_2"-__0_)2 + 207

36 MPa.

20. A Forthe 'cylihder:

_br
Ty ===
t
. .
p= 7t _ (150 X_lg ¥(0.005) =25 MPa
r 0.3

21. B For the sphere:

i
2

_Pr_600%10°(0:5) _ oo

T 20 2(15% 109 0.01m=1ocm

22. C Here, P, = 22 Then:
_ _ %
L= [TE_arm
@ P‘.,r v
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Statics

Masoud Olia, Ph.D., PE

introduction

Statics.is the study of rigid bodiesat rest. For a body to be at rest, the forces act-
ing on the bodly have to balance each other. In this chapter, presentation of the
coneepts of static equilibrium of particles and rigid bodies is followed by discussion
of the determination of-extermal and intemal forces for structures such as trussés
and frames. Moments of inertia, centroids-of plane areas, and basic concepts of
friction are alse discussed. The following is a complete fist-of this chapters contents:

11.1 Forces

11.2 Moment

11.3 Equilibrium of Particles
11.4 Equilibrium of Rigid Bodies
t11.5 Trusses and Frames

11.6 Friction

11.7 Center of Gravity

11.8 Moments of Inertia

Fl k

1 1 n 1
Forces

A force is considered as a push or a pull exerted by
one body on another. Force is a vector quantity,
which has both magnitude and direction. Forces
are classified as-external, internal, concentrated, or
distributed, as shown in Figure 11.1.

P P
J W

. : .
p=% : B
Concentrated. Distributed

forces. forces

Internal forces

Figure 11.1

275
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Fy
Concurrent Nonconcurrent Paralle]
forces forces forces
Figure 11.2
A force system can be classified as concutrent or LA

nonconcurrent. If all the forces acting:on a‘body pass
through the same point, the force system is called
concurrent. If all the forces acting on the body do not

pass through a common point, the force system is Fo=501b
nonconcuirent.
| AN | » Fi=1001
Resolution of a Force (2-D) 1 - 30 .
. X - - = X
A force can be resolved along any two arbittary axes.
It is more convenient and efficient, however, fo
resolve a force along the x- and y-axes (Cartesian or
rectangular coordinates. system). The appropriate
equations are as follows: 20°
F,=Fcos®, F,=Fsinf [11.1] F3=8016
Figure 11.4
‘Selution:
+y :
Fix= 100 cos 30 = 86.6 b, F), = 100sin30 =501b
Fpo= =50 <= ~40 (b, Fa, = 50 5 =30 1b:
Fy, = —80sin 20 = —27.36 1, Fy.= —80 cos 20
= —75171b

-y

Ry

System {2-D)

Resultant of a Concurrent Force

gular components (R, and R).

y = +.7+-_+...—'_-
Figure 11.3 R=F +1I;+F,

The resultant force R can be resolved into two-rectani-

>F

R_‘- s sz ‘R;" = EE‘"

R="\ /sz'Jf“ R‘Z
Example 11.1 '
Resolve the forces shown irito their rectangular (x 1R,
. . o §=tan -
and ¥) comporents, R,

@seismicisolation
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1.1 ;Force_s 277

¥
A
R R
A :
- - X
Ry

Figure 11.5

Example 11.2

Find the restiltant of the forces shiown,

¥
jk

A FZ =60Th
F1=1201h

a0°

>

Fy=130b
Figure 11,6

Solution:
3

Ry = Fy, + Fopy + Fyo = 120 cos 40 — 130(w-¢)-=- 41.921b-

13

Ry = Fiy Fyy +Fy, = 20 sin 40 .60 — 130_(%)
= 17.151b

R=VAL9ZE +17.15% = 4528 1b
=tan~t 113 99 90

41.92

Resolution of a Force {3-D}

To resolve a force into its components (F,, F,, Fy),

two methods are available.

Method 1. If the angles between the force-(F) and.
the axes (x, y, 7} are known (sée Figure 11.7); then

Fy=Fcos 8, F,=Fcos 8, F,=Fcos ¢, [l 1.3]

Also, there is a relation between these angles such that

cos® 0, + cos? b, + cos® 6, = 1 [11.4]

Figure 11.7 .

'EXample' 11.3 _
Resolve the force shown iﬁto-'it's-rebtal_igular com-
ponents (x, y, 2). :

+y

F=1001b
300 :

Y

+x
707

Figure 11.8 |
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‘Figure 11.9

Solution:
‘In this problem, 8, and 8. are given, so use equa-
tion 11.4 to find 8,.
cos® B, =1 — cos” 8, — cos”
= 1 — eos*(30) — cos™(70)

8, = 68.6°
Note that another sclution for . is, 180 — 68.6 =
111:4°. By inspection, however, the correct angle
is 68.6°, '

F,. = Fcos 8. = 3647 b

F, = Fcos.8; = 8661b

F, = Fcos 6, = 3421b

Method- 2. If the coordinates of two points along
the line of action of the force are. given (see Figure
11:9), use the unit vector {i to express (resolve) the
force into its components.
F = Filiyp
. _di+dj+dk
Wip =~ d

d=Vd+d+d

where 1, j, and k are unit vectors along x, y, and z axes;
respectively, and d is the distance between two points
along the line-of action of the force K.

{i15]

Example 11.4
Resolve the force shown into ifs rectangular com-
ponents (x, ¥, 2).

+

F=1301
15"

+x

+7

Figure 11.10

Solution: .
6i +15) -2k
6.5

Ly =

F = 130,
= 1201 + 30] — 40k

where i, §, and k are unit vectors along x. , and z
axes, Tespectively.
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Resultant of a Concuirent Force
-System (3-D}

This is similar to the two-dimensional case -except
that there is a third component (R.). The equations are
as follows:

R,=3F, R,=3F, R.=ZF,

=VRI+ R+ R [1L6]

Example 11.5 _ _
Determine the resultant of the forces showr.

+y B
£ Fy = 1301
Fy=1001b -
30° S 12
80° / ‘4 .
P > fx
3
Figure 11.11
Solution?

cos = 1 ~ cos? 8, — cos” 6,
=1 — cos*(30) — cos*(80)
6. = 62° and also 8, = 180° —62° = 118°
From the figure, the cotrect angle is 118°.

By, =F,¢05 8,= ~46:9 1b
FQ-), =, cos 8, =86.6 Ib
Fy,=Fcos 8, =3421b
3T +12] — 4%

13

s =
F, = 130 @4
=307 + 120] — 40k
R, =3 F,=30—469=-1691b
R, =% F, =120+ 869 = 2069 1b
R =3 F,=-40 +342 = —581b
R ="V(—-16.97 +206.9° + (—5.8)* =

2076 1b

~ To specify the direction of the resultant force;
determine the angles that the resultant forms with

the axes.
co 6, = % = ;0176: = 0, = 94.66°
cos @, =%’-=§~g~g%=> g.=4.7°
cos GZ—%:E_O—??%::»- 6. = 91.6°
Moment

The moment of a force is the measure of tendency of
a rigid ‘body to rotation about an axis. Moment is.
divided into two parts, moment of a smgle force and
moment of a couple,

Moment of a Single Force

The momnient of a single force.can be about (1) a point
or {2} an axis. :

1. The moment of*a force. about a point is the
produict of the force and the perpendicular dis-
tarice from thie point to the line of action of the
force. Theréfore the magnitude of the moment
about point 4-is expressed by the equation

My=Fd [11.7]

Line of action of force

’. _—
e

———

Figure 11.12

‘Moment' can also be determined vectonally, and is

given by the equation :
My=rXF [11.8]

Where r-i§ the position vector from the point to any-
wher¢ along the line of action of the. force:
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Example 11.6
Find the moment of the force shown about point
A, using both the scalar and the vector approach.

10016
/600
o |
5"
A 12"
Figure 11.13
Solution:
Scalir. appmach :
My = —100 cos 60(5) + 100 sin 60(12) = 789.2 1b-in

Therefore, the magnitude of the moment about 4
is 789.2 Ib-in and its direction is counterclock-
wise,

Vector approach:
My =r4o X F=(127 +57) X (507 + 86:67)
= 7802k
2. The moment of a force about an axis is the pro-
jection of the moment along that axis, shown in
Figure 11.14. For projection along line 48 the
equations are as follows:

Mip=M, Wp, Mayp=Mpilep [11.9]

Note that M, can be détermined about afiy point
along line 4B, u g is the unit vector along line
AB; and Mz is the maghitude of the moment
about line 48

Example 11.7
Determine, for the figure shown, the: magmmde-
of the moment of the 140-N. force about ling AB.

+y
A
B
2m
. O — . > 4
T NN S
A./ ¢ om
: 3]
+z/ m
Figure 11.15
Solution:

M, = £ X F= (—2] —6K) X (60T + 407 +250K)
= —360] + 120k

—6%
My =M,y = (~360F + 120K) - ( 1\/4_;3 )

—10733N-m

‘Moment of a Couple

Two equal and parallet forces that have noncollinear
lines of actions and are opposite in sense form a eou-
ple (Figure 11:6). The moment of a.couple is the
product of the force and the shortest distance between
the two forces. Note in the equation below that the

x

Figure 11.14
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moment of a couple is-the same with respect to. any
point in space.

i
=
I
&

Figure 11.16

Example 11.8
Determine the resultant of the couple shown,

Figure 11.17

Solution:

CCW +:

M = (100) (1) — (50)(3) = — 50 Ib-ft
Therefore, the tesultant ‘monient (couple) is
clockwise. -

11.3
Equilibrium of
Particles

Two-Dimensional Case

For a particle to be in equilibriitm (at fest), the resul-

tant of the forces acting on the particle must be equal

1o zero (ie., there is no translation);

R, =5F.=0, R,=3F,=0 [11.10]

Example 11.9

Two cables are tied together at C and loaded as
shown. Detérmine the tension in each cable.

LLLLL LT g,

100N

Figure 11.18
Solution: _
R.=3F, = i}rﬂc — Tyc0s30 = 0
R, =% F,= %TBC + Ty sin :530 - 100 =0.

Solve simultaneously for the: té:nsi_an_s:

Tic=87N and Tpe=94.17N

Three-Dimensional Case

This is the same as-the two-diniensional case- except
that there is a component-in the. z-diréctiof;

R=3F.=0, R=3F,=0 R=3F.=0 [1111]

Example 11.10 ;
A load W is:supported by three cables as showa,
‘Determine the magnitude of load /7 if the tension
in cable:CD is 900 N.

Figure 11.19 |
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-Solution:
It is given that T =:900 N. Then:

21 +6j -3k
Tps = TDA(—“““%““'“'_),
~451 +6j
Tpa DB( 75 )
6§ 8Ky o Lo
Tpe= TDC(--‘!T) =540+ 720k
R.=3F.=0
2 4.5
STy~ == Tpy =0
7 tD4 75 Dy
R1 =3 F,=0
6. 6 .
“,?TT;M + ",E"g Trg+ 540 - W=1
R.=%F, =0

—-%TM +720 =0

Solve simultaneously for W
W=2652N

11.4 __
Equilibrium of Rigid Bodies

Two-Force Members

If a-member is under the aétion of .only' two forces (at
different points on the body), the member is called a

Straight two-force member

two-force member. For. & straight two-force member,
the force must act along the axis of the member (ten-
sion or compression). '

If the force member is not straighit, thé force must.
act-along. the diagonal line connecting the two points:
where the two forces are acting.

Connections {Supports} and Reactions

Rigid bodies either are. connected to each other or rest
on.surfaces. In most cdses it is.necessary to determine
the resulting reactions for different suppotts, To. find
the number and type of reaction for a given support,
determine whether the point.of connection can trans-
late or rotate. If the point cannot translate, a force
reaction along the line of translation (x, ¥, or'z) is
required. If the point cannot rotate, 2 moment reac-
tion about that axis is required.

Equilibrium Equations [2-D)

For a rigid body to be in equilibrium, the following

‘equations must be valid,

R.= 3 F.=0, R)’-‘ =3 F:;' =0

SM=0 ti12]

In equation: 11.12 the moment can be taken about

any point on the body. Note that for a two-dimension-

al case there are three equilibrium equations, so there

cannot be more than three unknowns for a given free-
bedy diagram (FBD).

.N(}n_str'aight_ two-force member

Figure 11.20
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Table 11.1. Supports for Rigid Bodies.

(Supports) cactions Unknowns
Hinge, pin /7
:
Rough surface
2
Roller, rocker
smooth
surface Reaction. 1
: perpendicilar :
T to.surface j
R |
3
6
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Example 11.11
For the:beam and loading shown, determine the
reaction at each support.

Determine the force in member BD of the striic-
ture shown. Also determine the components of
reaction at point C,

27

et
| AR

200 N/m 500N
Al YYyY¥YVYYY Y 0w
- 4m e 3N —fe— 3 T - Figure 11.22
L Solution:
Figure 11.21 S M, =0
Solution: 3
- L _ = T (8) — 200(5) = 0
S My=0 CCW+: 5 Toe® )
B(I0) ~ 500(7) — B00(2) = 0; then B'= 510 Ib Tyc=20833N
Rx': E F‘ . 0} At ={ -R.\’ d—t. F\. 0
R,=3 F.=0, A, ~-%('20'8;33) =0
A, + 510 = 500~ 800 =0 =>4, = 790N A = 166.66 N
Example 11.12. Ry =2 F, =_0
For the figure shown, determine the: tension in A~ 200 + 12 833y =0
cable BC and the reaction at 4 (neglect the » 20 5 (208.33)
‘weight of beany AB). =75 N
Example 11.13 Solution:

Use the FBD of mémber CDE and recognize that
member BD is a two-force membet. Then;

B Me=0 CCW+:

Figure 11.23
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I 4 .
— Fpp{2) + -_S”FBD 3) -

00(5) = 0
z 300(5)

Fyp=132501p
R.= Z'Fj =0

+ %‘(j‘1,25’0).= 0

R,=3F,=0

G, = 300 + 1,250 =

C, = ~700 Ib

Equilibrium Equations {3-D)

In this case there-are six equilibrium equatlons (three
force equations and three moment equations).

Re=2%2F,=0, R,=%F;=0, RR=%F.=0

S M, =0, SM=0 3 M =0 /[l1.13]

Example 11.14
In the figure, a plate weighing 135 N is stpport-
ed by two: cables (CD and BE) and a ball and

- 6111 -

Figure 11.24

socket joint at 4. Determine the tension in each

cable,
Soiution: -
(=81 +4j —8ky:
=T
TCD LD( 12 ) :
_ ~61+3] +2KY -
Ty = THE( —;j ) :
SM;=0
- ~8T +4§-8ky . -
gi % TCD( : ) +61
12 :
—61 -+ 3 j + 2 k
XT‘BL{ 7 )+(41_25")
X (=135 §)=0

16 12 8 18 -
(.3_ Top =~ Tb‘!) (3 Tep+ 7:'-'11 e 540)k ¢

Set each parenthesis equal to zero and solve: for
the tensions:

Tye = 1575N,  Tep = 5063 N

11.5
Trusses and Frames

Trusses

A collection of rigid bodies that are pin connected to
each other at their ends to form a:new rigid body is
known as a truss. Each member of a truss is a straight
two-force body. The main objective is to- determine
the internal forces in somé or all members of a truss.
Each member can be in tension (T) or compression
(C), depending on the-loading or configuration of the
truss.
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Figuré 11.25

Generally two miethods are available to. determine.

internat forces in a given truss, the niethod of joints
and the method of sections.

Method of Joints

To use this method, draw the FBD of the joint and
apply the two-dimensional equilibrium equations for
particles. Note that for a given joint there cannot be
more:than two uiiknowns.

Figur"e 11.26

Example 11.15
Using the method of joints, determine the force
in each member of the truss shown.

150'1b 100 _
Fac Fep
A . Fap I > Fsp '
Fac Fge Re
Figure 11.27
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11’ P

c YE

5o p O

A& ‘

A D F
Cut

Solution:

Using Figure 11.27:

Joint A:

3 F,=0= ~150 —

Fic=25016C

SF,=0=Fy—

Fy=2001bT
Joint B:

S, F, = 0= Fyp=20016T
5 F = 0= Fgc=1001bT

Joint Ci

EF\' =0=Fop= 25016 C

BEN ———4

Im

5

&mn
(250 =

iFﬁc =0

E
Cut\

c -\
2’KN

4m.

Figure 11,28

Method of Sections -
This method is used: when the forces for a few nieni-
bers of a large. truss are to be determined, Cut the

truss in a sectioh. where the. forces aré to.be deter-
mined (see Figure 11.28). Then consider the section

to the left or right (up or down in other cases), draw
the FBD;, and apply the two-dimensional equilibrium
equations for rigid bodies. Generally the section con-
sidered should not pass or cut move.than three mem-
bers at a time (since only three. equbnum equa-
tiois. are available).

R.=%F, =0, R, :EF‘» =0
IM=0
Note that, for some trusses, 1t is mecessary to

determine the external forces (reactluns) before solv-
ing for the internal forces. -

Example 11.16
Determine the forces in members CE, CD, and
B of the truss showih,

2kN > 8- ~y F
X
Fée
i
Co - e D
Fep '
Fgp

Figure 11.29
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Figure 11,30

Solution:
EMD-.= 0 CCW+:

Fep@)—23) —2(6)=0
Frg=A45KNT
SF.=0=Fp=4kNT
S F,=0=Fpp=45kNC

Frames

Frames are structures contaming. miltiforce mem-
bers and designed to suppott applied loads. Frames

are usually stationary. The analysis is done by disas-
sembling the frame, shown in Figure 11.30, drawing
the FBD for each member, and applying the equilib-
rium equations (note that some members of a frame
can be two-force members).

R=2%F. =0,
IM=0

R,=3F,=0

Example 11.17 B _
Determine the components.of all forces acting on
member AC of the frame showm.

Fap'

300N
l ® G
&

Fi_gur_e 11.31
@seismicisolation
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Sofution:
-First determine the reactions without. disassem-
“bling the frame.

ZMy;=0

E(6) — 300{2) — 300(6) = 0
E=400N

3F, =04, =400 N ¢
I F=0=4,=600NT

Now use the FBD of member AC, noting that BD
is-a.two-force member.

SM:=0

Fpp (4) + 300(2) + 300(6) — 600(8) =0
Fpp=600N L

LF,=0=C =400N -

SF,=0=5C,=600NT

11.6
Friction

When.two surfaces are in contact, the force tangent to
the surface that opposés the direction of tendency to
motion is called the friction. There:are two types of
friction: dry friction and fluid friction:

To understand the laws of dry friction consider
the figure shown below. _ '

The maximum valne of friction foree (Fr) 18
related to the normal force (W) and the coefficient of
static friction (z,):

Fonax = N [11.14]
P

T

11.6 Friction 289

Two Types of Friction Problems

Thefe’__- are two distinct types of friction problems;

1. The impending motiomn exists (the object is
about to move). In this case friction has reached
its maximum value, and F = F, = u,N.
Apply the equilibrium equations for the particle
or rigid body, and solve for the unknowns.

2. The impending motion is not Known (you don’t
kniow whether the object is moving or tiot). In
this case assume that the system is in equilibri-
um, and apply the appropriate equilibfium equa-
tions (particle or rigid body) to solve for the
friction force, Two outcomes are possible.

a. Tf F < N, then the system is in equilibrium
and the friction force calculated is correct,

b. IfF> p.sN, then the system is in motion and
for particle problenis only the-correct value
-of friction. force is F = p, N, where g, is
called the coefficient of kinetic friétion. In
general, gy is:about 25% smaller than u..

For rigid body problerns, a d)mzarn_icai analysis is
used to determine the magnitude of the friction force.

Example 11.18 -
Determine. the value of the friction force.-

Figure 11.33 |

Figure 11.32
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Solution:

This is case 2; that is, the impending motion is'

not knoéwn.

NIF=0

N —-400 cos 30 = 0 =» N = 346.41b

7 ERF =0

~F + 250 - 400sin 30 = 0= F=501b

Now check: w N = 0.3(364.4) = 103.92 . since
F < . Then the friction force calculated is
correct: F = 50 b,

Example 11.19
If the bar weighis 50 N, determine the minimum
value of léad P that will .inifiate the miotion
(neglect friction at A).

sl '.iB
2m 6m

Figure 11.34

Solution:; _ _
This is case 1; that is, friction has reached its
maximum vakhe at.B. Set F E_u_k_N;-
SMi=0 CCW+:

N(®) — 0.5N(10y — 50(4) ~ P(2) = 0

3N — 2P =200
2F}.=0
N—=50—F=0

Solvefor P: P=50N

Belt Friction

Consider a belt that is pressed against a rough, curved

surface and is pulled on both ends. If friction is con-

sidered; the. tensions (7} on both ends are not the
same. It can be shown that

Ty = Tiet’ [11.15]
where 8 is the angle of contact between the belt and:
the drum.

Figure 11.35

Example 11.20
A flat belt transmits a. 30 1b:t torque. Determine
‘the minimum valtiés of tension in both parts of
the belt that will prevent slippage. The diameter
of the drum is 6 in and g, = 0.3.

T

Figure 11.36

Solution;
SM;=0
Ti(3) — T»(3) + 360 = 0
T — Ty = ~120
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The angle of contact between belt and drum is
180°.

§=180° = 7= 3.14 1ad.

%2 P34 0942 _ 5 565
i

T, = 2.565T),
Ty=7671, I,=19.71

11.7
Center of Gravity

Center of gravity is defined as the point of a body
‘where the weight of the body will pass thréugh. For a
homogeneous body the center of gravity is the same
as the centroid. '
In general, to determine the location of centroid
of a.plane area use the following equations:
_ I x.d4 f A

X. = , ¥, =
e A

[11.16]

where | x, dA and [ . dd-dre called the first
momerts of the area with re_s_pect to the y-axis-and x-
-axis, respectively.

Figure 11.37

11.7 Center 'oﬁ'(;:iravi(_y.. 2 91

If the plane area can bé divided into-¢omimon
shapes, as shown in Fig 11.38 (i.e,, rectangles, serni-
circles, triangles), theén the chscrete fotm of the equa-
tions can be used:

v _dxd; = _E A
X, = 4 Y_c_;__X_A 1

[11.17]

Example. 11.21

Determine the center -of gravity of the shaded
plané area shown. '

8 ey

Flgure 11, 39

Solution:

. 2 xid;
A

6 + @3 707] - @) mor |

X =

64 + %ﬂ(_4)2"‘ 71'(2)2
¥ o= p i
7. .AA

()64 + .(9.69_7)[%71-(4)2;]_ (4)[ ﬂ(z.)-é-]

64+ 7dY ~ a2y’

= 5,87 cm

Figure 11.38
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To find the.centroid of lines (wires) and volumes,

‘use the following similar equations.

For lines:
-2 U 5. YR
3 I
For volumes:
Xo==H T=00 1)

Example 11.22

Determine the centroid of the composite wire.

shown.

+¥
2.cm
X
Figure 11.40

Solution: _
o Sxl (1)2) + (I%2.83) + (—1.273)(3.14)
SeL 2+ 2.83 + 3.14

= (.1045 cm
Vo= Sydy  (0)(2) + (—1)(2.83) +(=1.273)(3.14)
e L 24283 +3.14

= —0.856-cm
PR
1 ﬁ us

RMoments of Inertia

Area Moment of inertia

Area moment of inertia () is defined-as the second
moment of area and is determined as follows:

1=[da, 1=[<as (1200

Figure 11.41

Area moment of ineftia is a measure of resistance
o bending .and is needed to calculate stresses due to
bending.

Polar Moment of Inertia

Polar moment of inertia (J_).is-the-s_econd moment of
area with respect to the_-z‘»axi's. It represents. a.resis-
tance to twisting and is needed to calculate sheat
stresses due o twisting: -
J=] = f P dd = f x* dd -+ Jyz dA
=I+1, [11.21]

Mass Moment of Inértia

Mass moment of inertia (/) is similar to area
moment of ‘inertia, except that area (4) is replaced in
equation 11.20 by mass ().

[11:22]

I :j ¥ dm

Axis of
fotation

Figure 11.42

Mass moment. of inerfia is 4 measuie of resis-

tance of the body to rotational acceleration -and is

needed in dynamic problems to caloulate forces act-
ing on a rigid body in rotation.
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Table 11.2. Centroids and Area Moments of inertia of Common: Shapes of
Areas and Lines

. . o 'Afﬁﬂ-quent
Shape Area Centroid of Inettia
Rectangle . .;

| - I=j;bh’
X=3 L
bh —_h I, =3bi3
I_' = %b:‘h
Triangle
;L
Lp oA I= j‘bh
5bh y=5% ¢
To=p3bh?
Circle .
. e
Semicircle
T
% y=4R e =1y= gHRE
: o Iz=_,f.'=. -:1‘-T|:R4
Quarter
circle |
Tf_.".?z. f:% I"=I)‘:%ER4
4 Fei I=J=%mR¢
Semicircular
arc
=2
Quarter-circular
- - _ R
X = '-3::-
jj.l'" =2‘&R—
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Table 11.3. Mass Moments of Inertia. o_f'Cbmmon_. Shapes

Shape ‘Meiss Monient
P of Inertia
ender rod . : -
Slender ro y ¥ fol= ll—z m/fz
L g2
rYe C; . k= "g‘m.»ﬂ
/ ,E I.=0
Z
Thin disk
Io= pmr?
Iy= 'zj'f.m’" 2
Cylinder ¥y
r .
7 A Ie= tmr?
( °G ( T F L= hm(7+37
Re__c':_tanguhr y v
prism ' E ‘ % L
b ] Io=piia + b%)
' 7. y
’ - L= m(4*+a%
/ £ I =.'1'ri_,"-m(4>€-2 +a?)
z
Sphere:
I\. = _\ = _z:%mrz
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I

(1

Figure 11.43

Parallel Axis Equation

In many situations the cross-sectional areas are ot

symmetiic. To-calculate moment of inertia with respect

fo an ‘axis that is parallel to the centroidal axis (see-

Figure 11.43), the following equations ¢an be.used:.
I=T+A4d% I=T+md® [11.23]

Example 11.23

For the figure shown, determine the area moment

of inertia.of the shaded area with respect to the x-

akis..
Figure 11.44
Solution:
E_shspé = Leet T Toemicircle
For the rectangle:

L= %(4)(.4)3' = 8533 om®

For the semicircle use the paratlel axis quation:

Lo=1+A4d®
-
=0,007(4)" + *723(_2)2[4 + %%)—] = 149,52 cm®

Ii_: tokal = 8533 + 149;52. — 23485cm4

Example 11.24

For the figure shown, determine the area moment
of inertia with respéct to the hotizontal centroidal
axis. 5

Solution: :
First locate the centroid of the shape.

_ Zyd; _ (O@XD) +(6)2)5) _ 3 om from
T4 T (®@+(6)2) | thebase

ra)

I= .If]'auge +I\wh
Tnange = E(s.)(zf + (6)(2)(2)* = 52 em®

1

o= )6 + (622 = 84 e

I“’E

T=52 + 84 = 136 cm®
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Example 11.25

For the figure shown, determine the mass
moment of inertia with respect to the x-axis.

‘Bach bar has mass equal to m.

c B D

L . J

J L2 il L 1

A X

Figure 11.46

Solution:
T oy AL
4B _1_2m€ m (2) 3_m€
e =0+ m€2 = Hifz

j:v total = .%mfz. + m'.ez = %mez

tadius of Gyration

Radius of gyration (¥} représents the distance from
the axis at which theé area or mass mmust be concen-
-trated if the moment of inertia is to remain the same.

The following equations are used to calculate. radius

of gyration:
k= |4, k= [L
VA Vi

[11.24]

Figure 11.47
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3. Determine the moment of force F about point A,

PRACTICE PROBLEMS (A) 304N -m
(B)38N -m
1. Determine the resultant of the forces. (€©)16N-m
(A) 38 N (D)20N-m
(B) 121N
©) BN F=200N
D) 525N h
3
4 20'cm
L
100N
200N
100 cm :
. 3 PR, P —
4 ' :
20 ém.
; A
Figure 11.50 -
4, Determine.the moment of force P = 50 N about
130N line QC: ' '
(A)3,600N - m
_ (B)424N-m
Figure 11.48 (CY 1,600 N -m
D)0
2. Determine the resultant of the forces exerted at.
point & if the tension in each cable is. 450 N, ¥y
(A) 735N
{(B)472 N
(C)3715N
My250 N

Figure 11.51

Figure 11.49
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5. Determing the resultant of the couples. 8.. Determine the reaction at roller support B.
(A) 250N -m (A) 365 N o
(B) 550 N -.m (B) 310:N
(C) 1,1I00Nm (C) 435N
(D) 500 N - 'm (D) 400 N

- 50N 300N
. 100 Nfm
3 R v vy )
- VN N A
[ 2m | 3m | 5m |
50N Figure 11.55
4.m 1 ' _ _
100N 9. Determiine the tension in cable CE.
100N (A) 2,000 N
Figure 11.52 {B)2.253 N
igur: (C) 939N
D) 2,080:N

6. Determine the tension in cable AC.

(A).640 N
(B)86I N
(C) 1,200 N
D) 550N
D
[ | .
gm [aw T Am
300N 500N
Figure 11.56
100 kg 10.- Determine the force in hydraulic cylinder BD.
— (A) 850 N
_ {C) 250N
7. Détermine-the tension in cable DB if load ¥ is. (D) 869 N.
444 1h.
(A).150.1b
(B) 450'1b
(G}_'ZlO’_lb
D) 156.1b c
I 3'm
& B % 9"/'}”/
[ o ~7 - Pt -
e . ' 1
Z D -
w A
I IS
Figure 11.54. Figure 11.57
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11. Determine the tension in cable BE.
(A)2,600 N
®) 1,310 N
(©) 2,000 N
D)917N

Fi_gure 11.58.

12. Determine the force.in member CE of the trass.
(A) 3kN
(B) 5 kN
Q)8 KN
oo

Figure 11.59

Practice P"réblems 299

13. Determine the force in member CF of the truss.
(A) 30 kips :
(B) 24 kips.
(C) 48 kips
D) 18 kips

24kips 24 kips

e

ot
o
o
o .
Py

N S ;‘;:'.4‘- @

Figure 11.60

14. Determine. the resultant reaction at B. for the
frame. :
(A)300N
(By450N
(C)200N
(D) 150N

!_ « 16m >
Figure 11.61
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15. Determine the friction force if g, =0.3 and g, = 17. Determine the torque that must-be applied to-the
0.2. ' ' flywheel in order to keep it rotating at a constant -
(A) 170N speed if P = 8 1b.
(B) I91N (A) 45 fi-Ib
{C) 850N (B).120 fi-1b
D) 294 N (C) 80 f-lb
' (D) 90 ft-1b

=030

Figure 11.62

16. Determine the force required to move the cabinet.

‘The casters at.4 and:B are locked, the cabinet FY .
weighs 100 Ib, & = 30 in, and u, = 0.3 Figure 11.64
{A)301b
{B) 60 b
{C) 100 1b 18 Detertiine the x-coordinate-of the centroid of the
(D)501b plane area shown.
{A)2cm
(B) 6:25.cm
() 334 em.
Do
Clio
p .
¥
h ;
l o
: 2] 8 . 6cm
I
Figure 11.63 ¥ ¥
6 ¢m

N

Figure 11.65
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19. Determine the area maoment of inertia with

20.

respect to the x-akis.
{A) 435 cm*
(B) 525 cm*
(C) 429 cm*

{D) 125 cm*

Figure 11.66

Determine the centroidal area moment of inertia

with respect to the horizontal axis.
(A) 36.cm*

(B) 257 cm*

(C)293 em?

(D) 220 e’

—— 6 M e

A
A L.5em

1.5cm

-

Figure 11.67

Practice Problems 3 0 1

21. Determine the mass -mome'n't of “ inertia. with
respect to the x-axis. The sphetre.and the slender
rod have the same mass, .

(A) 194 ma*
(B) 24 ma®
(€) 33ma*
(D) 16 ritd®

Slender
rod

“Sphere

Figure 11.68

Answer Key

1.B 8.
2. A 9,
3. C 10.
4, B 11,
5 A 12.
6. B 13.
7. D 14,

Answeérs Explained

[ i=ci == R w el

15.
16.
17
19.
20..
21.

PEOOT W

4

1. B R, = 200(5) — 100.sin 20 - 1:30(-1—53-)

=7579N

_ 3N o tnnee e — 12nf 12)
R, = 200(_—5-_) + 100 cos 20 - 130(3&5)

=93.97N

R= V(75797 + (93.97)"= [20.7TN

2 A Ty, = 4508 —.-49_ + 7k,

= 200i — 200§ + ,3'5_01;§

T e = 450-

41 - 45 ~ 2k
6

= 3001 — 300j — 150k
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Also, R, = 500N, R, = —~500 N, R, = 200 N.

R ="V/(500)° + (—500)* -+ (200)* = 7348 N

C M, = 160(0.1) — 120{0.12) = 1.6 N-m clock-
wise

B. P :5"0:&11# =—40j + 60k

Mo = Mg - upe = [15k X (—40j + 60k)]
(W) = 423.53N-m

‘A (100)(4) — (50)(3)y = 250 N-mi counterclock-
wise

B R-‘ = EF‘ = TBC‘ COs 30 - T:_.IC'CO'S =70 .
Ry = SF,= Tyesin30 + Tyosin 50 — 981 = 0

Solve simultaneously: T =863 N.

—6i + 12§ + 4k \
D Tpy =T, fjﬁ('"T'l"“)

12§ — 5k
Tpg = Tpal =7

3

Of + 12§
The I.Tp'c_{_;“]:s )

Then,

) 3. 9
R.=0= 7Tﬂ-i 1-5_Tnc ]
. b 12. -
o= 0= Ty + = Tpp— 444 =0
R} 0= 7ipa T e T

- 2 A .
Ro=0—Thi— —Tphg=10

- 5 loa ™ 7 s

Solve. simuitaneously: Tpy = 156.1b.

. C EM,] i 0,'

B(10) — 500{7.5) — 300(2) = 0,
B=435N

. B EM'A =01

(%Tm;)ﬂ?!) ~ (500)(16) — (300)(8) = 0,

Ter=2,253 N

‘10.

11

12.

13.

14.

15,

16.

17.

D Use the FBD of member. CDE. Then:

IMc=0, Fgp=869N
S o R
B IM,=0, 2 E‘T pg [(14) — 1,000(20). =0,

Tar = 1,309.5 N

A Cut thirough members CE, DE, and DF and.
use. the FBD of the upper section of the truss.
Then:

EMD = '0,

Fep(12) = 3(9) — 1(9) = 0,

B First, determine the feactions at B. B = 30 N.
Cut through members CE, CF and DF, and use
the FBD of the Ieft section of the truss. Then:

SMe=0,  Fes(6) + 30(8) = 24(4)=0,

D First, determine the reactions at £. E;; = 0 and
E. = 75N, Use the FBD of member 4BE.

SMy=0, B.=0
SF.=0, B,=150N

Then B = 150 N.

and

B 3F, =0,
ZF\- = -0')'

N=8495N
F=1905N

Since F' << g,N, the block is in -c_quil_ib_r_ium. and
the friction force is 190.5 N.

A EF! = O)
EFx = 0;

Ny +.Ng= 100
P=301b

D Use the' FBD of the lever, and take the mo-
mient-about the pin:
IM=0, T,=32lb

Use equation 11.15 with =025 and
B=270° = 37/2. Then T, = 103.94 Ib.

Use the FBD of the drum, and take the moment
about its center:

SM=0, M=189.925flb
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= Sxd,
18. C X, = =X
c A

B+ [s - %3][%7,{4)]

72 4 4yt

=334 ey

_ 6)° s _
19. C L= —6-%3)— = - 1“; = 428:86 cm?

‘Practice P'né)blems 3 03

20. BT :2'211'121"_8: + Lyep

If,ange = %(:6_)(1,5)-‘ +9(3 ._?§)2 = 128.25 cm*

. 1 o3 .4
Toor == = _
web =y (2)(6) = 36cmi”

I=2(128.25) + 36.= 292.5 cm*

2L A L=l tI

pliere
1

1 .2 [2 3 o
= gm3a) + [ S ma -ljm.(4a)2]

= 19:4 ma*
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Mohamad Metghalichi, Sc.D.
Robert M. Scott

introdeaction

Thermodynamics is the study of the properties of matter—in particular, the
relationships among properties and the changes in the values that either
OCCUr spontaneously or result. through interaction with other objects. The
ultimate goal of thermodynamics is to understand the operation of thermat
systems, to be able to design these systems; and to recognize opportunities
for ifriproving the performance of existing systems.

This presentation is divided.into four major sections:

« Definitions of terms; The vocabulary.of thermodyhamics is developed to provide
a framewark for the explanation of thermodynamic principles.

» Laws and Principles: The. basic laws:and principles that describe the relation-
ships amang the properties of matter are presented.

« Material Systerns: Several types of materiais that can form the contents of ther—
modynamic systems are- intraduced. For certain special cases, the: general
expressions for same of the Basic laws and pririciples are simplified, and some:

new refationships-are intrdduced.

- Applications: The basic principles are applied to systems frequeritly encourn-
tered, and specific methods for analyzing these systems are presented,

12.1 Definitions of Terms
12.2 Laws and Principles.
12.3 Material Systems
12.4 Applications.

12.1
Definitions of Terms

System: A system is. 'sp_ee;i'f_ic_d by a dcscri_p_ti_on of
the material it contains, and the boundaries that.

contain it; There. are two main classifications of
systems.

304

Open System: Material may enter into or exit
from the system. Many sources call this type
of system a controf volitme.

Closed System. Material may not enter into or
exit from the system. Many Sources call this-
type of system a control mass.

Property: A property is-an attribute of a system to

which a value can be assigned to deseribe the system.
-A nécessary featuré¢ of a property is that the value can

be stated at-a given time independently of its value at
any other time, and independeritly of the process by
wihich the systern‘arrived at its state.

Intensive properties are independent of the mass
ofthé system; examples are-temperature and
pressure.
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110.

111,

112.

113,

114.

15.

Practice Examination

A flowchart:
(A} is a sequence of instructions to peiforin op-
" erations

(B) is alphabetic. code to instruct the computer-

what to do :
(C) defines basic operations. and decisions
required '

'{D} is a series of human lahguage statements

-and commnion math symbols

A European country is experiencing an inflation

Tate of 25% pet-month. What is the effective an-

nual fate of interést?
(A) 300%

B) 25%

(C) 1,355%

(D) 1,455%

A company ‘can manufacture parts for a manu-
facturing cost.of $4.00 per unit plus $4,000 for
tooling.. A semiautomated system has béén ‘de-
veloped as an alternative. The costs for the pro-

posed method. are $40,000 for equipment and.
$1.00 per unit manufacturing cost per unit. What

is the break-even number of units per year?
(A) 12,000 o

(BY 11,000

(©) 4,000

(D) 15,000

An engineer borrows $18,000-at 12% per annum

compounded annually, The first payment wilt be
made 3 years from now. The:remaining balance
atthat time will bie:

(A) $24,050-

B) $21,554

(C) $25;288

(D) $23,080.

The ‘annual payment into a fund is $800, and
payments will be made for 15 years; Each pay-

ment is made at the end of the year. How much
will the fund be worth when it matures if interest

is 10% per year?
(A) 331,215

(B) $25:418

(C) $35,600
(D) $26,400

For an asset costing $25,000, what will be the

depreclatmn charge for the 4th year? (Use the
MACRS system.)

(A) $1,680

(B) $1,790

{C) 31,264

(D) $2,150

116.

117,

118.

119:

120,

What body has jurisdiction over an alleged

ethics violation by a Reg1stered Professional

Engmeer‘?

(A) National Society of Professional Engirieers'

(B) State Board of Registration for Engineers

{C) National professmnal society (e.g., ASME,
TIEEE) of the efigineer mvolved

D) Lccal district court:

snow and -ice heavily damaged. a. building that
was designed by Registered Engineers and
Architects. The owner ‘was not able to recover
damages because of:.

{4) the insolvéncy of the bond holdcr

(B) the statiite of limitations :

(€} a hold-harmless clause beﬁveen architect:

-and engineer
(D) an Actof God clanse in the insurance policy

An engineer working for a consulting firm has
decided to go into private. practice, One of her
first steps should beto:

(A) submit her letter of resignation

(B) tell colleagues about her plans

(C) send e-mail to the firm regardmg her: plans
(D) discuss her plans with her supervisor

As an engineer, your ethical responsibility, in or-

der from highest to lowest i importance, is to:

{A) client; society, youtself, profession-
{B) yourself, profession, client, society
(C) profession, yourself, society, client’
(D) society, client, profession, you:self'

After leaving a company and sétting up your
own engineering practice, a former competitor
contacts you to solve a problem similar to one
you solved while working at the company. Your
previous design seems o be a solution to this
former ‘competitor’s problem. Can-yon accept

this assignment?

{(A) No. Information from the original design
would be Tequired.-

B) Yes. Knowledge transfer happens.

(C) No. One should not accept money twice for
the same job.

(D) Yes. No stated nondlsclosure statement was
signed,
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102, 200N
/-,Q .-A ¥
2 4em. ( 10,000.N
4 - 2m - -
In the above diagram, the normal siress at point
A is most nearly:
(A) 71.6 MPa
(B} 5571 MPa
(C) 7.95MPa
(D) 63.6 MPa
-103.. .~
. A 600N
‘The average shearing stress for each 3-centimeter-
diameter bolt shown above is most nearly:-
(A) 0.424 MPa
(B) 1.2 MPa
(€C) 0.848 MPa
(D) 0.56 MPa
104 L
“Sem
S0 kN
B
]
20kN
The niormal stress in' section 4B of the above dia-
gram is most nearly:
(A) 9.95 MPa
(B) 3.97MPa
(C) 13.92 MPa
(D) 5.97 MPa
105; What is the base-10 equivalent of ‘the binary

whole number 00100111,?
(A) 12
(B) 24
(C) 39
(D) 36

106. For the base-10 number 47, the binary equiva:
lent is:
(&) 011011,
(B) 101111,
(©) 101011,
(D) 101100,

107. How many times will the line labeled “START”
execute in the following program?

=4
J=J+1

I=JA2

TF <100 THEN GO TO START
‘ELSE GO TO FINISH

PRINT J

START

FINISH

(A) 3
(B) 4
©) 5
(D 6

Questions 108 and 109 _
The following is 4 ségment of a spreadsheet. Use the
data in the cells:to answer questions 108 and 109,

A B c D
1 23 24 25 26.
2 7 A2¥2 B2*A§l
3 8 A3*2 B3*B§1
4 9 Ad*? B4*CS1.
5 10 AS*2  BS*DS$1

108. What will be the top fo bottom values in Column
B?
(A) 12,14,16,18
(B) 16,18,20,24
{C) 14,16,18,20
(D) 49,64,81,100
109, ‘What will be the top to bottom values in Column
c?
(A) 1127,1536,2025,2600
®) 340,390’;4'60,:530'
(C) 70,96,126,160
(D) 160,240,320,450
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92.

93,

94,

95.

96..

97.

Practice Examination

A tensile specimen with a diameter of 10 mil-
limeters is subjected to a load of 500 newtons.
What is the engineering stress?

(A) 50 N/mmy

(B) 30 ksi

(C) 5.2 N/mm?

(D) 636 MN/m?

In 4 normalized plain catbon steel containing
0.5 weight percent catbon, approximately what
percentage of the alloy is pearhte'?

(A). 37%

(B) 63%

© N%

D) 74%

At room température a plain carbon steel con-

taining 0.2 weight percént-carbon is:
(A). hypereutectoid

(B) ferromagnetlc

(C) britile

(D) highly alloyed

A baris Tolled to a reduction in area-of 30 per-
cent. What is the true strain?
(A) 0357

(B) 143

(C) 0.154
) 030

A material whiose electrdns cannot be excited

across the band gap is considered to be:
(A) ‘ametal

{B) a'semiconductor-

(C) an insulator

(D) asuperconductor”

{Shear foail) ¥{kN)
X

iﬂ./

14

e

What js the maximum magnitude of the bending

‘moment in the beam shown i in the above dia-

gram? The bendmg moment at. each end of the
‘beam is 0, and there are no concentrated couples
along the beam.

(A) 96 kN-m

(B) 48 kN'm

(C) 24 kN'm

{D) 40 kN-in

xim).

98.

99,

100.

101.

If the- allowable shearing stress is' 900 kilopas-
cals, the torque transmitted by a 150-millimeter-
diameter solid shaft is most nearly

(A) 1,193 N-m
* (BY 298 N'm
(€) 596 N'm.
®) 1,590 N-m
: 200 N/m.
ALYYYYYYYYYYYYYYYY f &

.

2m ? .

The maximum bending stress.for the 4. X 6. cen-
timeter beam shown.in the dlagram above is
most nearly:

(A) 4.17 MPa

(B). 2.08 MPa

(C) 16.7 MPa

(D) 100 MPa

100N

2 200 N/m

YYYYY f Y

Y

Z

im

A

Y
k.
Lo
g
Y

The maximum transverse shearing stress for the
10-centimeter-dianieter shaft beam shown in.the
above diagram is most nearly:

(A) 57.3kPa |

(B) 38.2 kPa

{C) 255 kPa

The critical load, P, for the 2-meter long can-
tilever beam shown in the diagram is most
nearly:

(A). 2:468 E1

(B) 1.234 El

(C) 0.617E1

(D) 0.5EI
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3ft

In the above. diagram, what is the approximate
moment required at the' hinge to keep the gate
closed?

(A) 3,000 ft-1bf

(B) 4,500°ft-1bf

(C) 5.500 fi-bf

(D) 4,000 fi-bf

M= 1ODngJ'IS
Water
-
T f=0027
3

For the pipe shown aboye, what is the pressure.

drop (7, — p2)?
{A) 2kPa

By —4 kPa
{C) 2.06:kPa
(D) —2kPa

‘86. The Reynolds number is:

(A) ameasure of the raté of fluid flow

(B) the ratio of inertial forces to-viscous forces
(C) the ratio of pressure forces to viscous forces
(D) rarely important in fluid flow analysis

88.

sz SO ks
V =20 mis

89.

90..

91.

f
f D,=4in
Dp=12ifi
Do Ly=8 1t
Dy L
l Lp=411
L]

‘What is the approximate volumetric flow rate
through tube ¢ in the above diagram?

(A) 40 ft*/sec

(B) 20 ft’/sec

(C) 50f/sec
D) 30 ft*/sec

—_—

What force, F, 1% required to-keep the cart.shown
above from moving? (Assume in the cross-
sectional area that Area; = Area,).

(A) L7OTN

(B) 720N

(C) 707N

D) 293N

A copper hook-is attached to a plain carbon steel
chain below the surface in a'saltwater bay, If gal-
vani¢:corrosion oceurs, what will be the anodic
reaction? _

{A) Fe2 Fe&?* + 724~

{B) CuZ Cu** + 2¢”

(C) CW*" + 2" 2 Cu

(D) NaCl2Na* + C1™

A solution is required to be:

(A) -a single phase-

(B) 4 liquid composed of two or more components
(C) homogeneous

(D) comprised partly of water

Which of the: following is the ground-state elec-
tronic configuration of a copper atom?

(Ay 15°25°2p°35%3p%s" 3d"°

B) 121p%2s*2p°35° 3p°3d°
< 15°1p%25°2p°35% 3pSasPap®ad
D) 1522573p53s73p53d % 4s%4p?
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=TT T T
B C

3!?

The 5.0-pound block illustrated above is re-
leased from restat 4 and slides along the fric-
tionless circular surface: AB8. It then continues to
move across the horizontal surface without fric-
tion and proceeds to strike a spring, €, having a
sstiffness of 40 pounds per foot. Assume that the
spring is initially undeformed. What will be the
velocity of the block at the instant when the
spring is compressed 3.0 inches?

{A) .3 ft/sec

(B) 4 ft/sec

(C) 13.3 fifsec.

(D) 5.5 ft/sec

|
|
i C=06] |
|
|

Wi P

LO00 P  450.Ps

In the above diagram, where C is the discharge
coefficient, what is the volumetric flow: rate
through the orifice?

(A) .00542 m?/s

(B) 0.28:ms

(O) 1.28m%s.

D) 0:65m’s

82,

.-20 cm

p =850 kg/m3

The pressure in vessel B shown in the diagram
above is most nearly: '

(A) 2,268 Pa

(B) 634 Pa

(C) 433 Pa.

(DY 767 Pa

26

What is the volumetric flow rate of water leav-
ing the siphon in-the above diagram? (Assume
that the diameter of the tank is much larger than
the diameter-of the siphon tube.) -

(A) 032 m'/s

(B) .00542 m’/s

(C) 1.28'm’/s

(D) 0.65 m’/s
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76.

77.

A 1,455-kilogram automobile (inciuding the
mass of the driver) is traveling along a hill that
has a parabolic shape. The section of the hill
near the crest has a radius of curvature of 61.0
meters, as shown in the above diagram, Wind re-
sistance is considered negligible. If the speed of

the automobile is 18.3 meters per second at the”

crest of the hill, the apparent weight of the sys-
tem -at this location-shouild be:

(A) 7988 N
(B) 22,261 N

(©) 6,285N
(D) 641N

A 3.0-pound-mass rigid body, I, initially moving

-at 20.0 feet per second along a straight line, col-
lides with a 7.0-pound-mass body, II, traveling
at 5.0 feet per second in the opposite diréction.

Body ¥ has a postcollision linear momentum- of
34.5 pounds mass-feet per second in a direction
opposite to its initial motion. The coefficient of

restitution for thig impact must be:

(A) 0.57
(B) 0.65
(€©) 0.80

(D) 0.93

1= 0.80: _
= 3°

A police officer measures skid marks left by all

four wheels-of a 1,300-kilogram car to be 20.0
meters along d road surface that has a 3° slope
from the horizontal as.illustrated in the above di-
agram. It'is known from prevailitig conditions
that the coefficient of kinetic' friction between

‘the tires and the pavement was approximately

0.80 and that the car had a speed of 40.0 kilome-
ters per hour at the end of the skid. The amount
of energy dissipated by friction due fo the entire.
skid is:

(A) 203,760

(B) 13,350

(C) 1,380
(D) 101,880

78.

9.

Equilibrium.
position

‘The spring-imass systein shown in the above dia-
gram consists of a 1.8-kilogram block and a lin-
car spring -with a stiffness. of 0,26 kilonewton
per meter. The initial displacement of the block .
is 2.5. centimeters to the right of the equilibrium
position, and the ‘block is-refeased from rest.

Friction is considered negligible. between the
block :and the horizontal surface. The period of
this vibration is necessarily:

(A) 1.81s '

(B) 6285

(C) 0.08s

) 0.52s

i /////////"/// x// /f’

//,,_

A tractor wheel has a diameter of 1.5 meters and
rolis witii a constant angular speed of 120 rpm, as
illusirated dbove: The speed of point £ meéasured
with respect to the center C of the wheel, is:

(A) 9.4 ms

(B) 60.0m/s

(C) 6.3 mfs

(D) (8.8 ms
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7.

+

68

69.

70.

71.

Practice Examination

One kilogram of air undergoes an isometric

process; starting from 200°C and 600 kilopas-
cals, in which the temperature drops to [10°C.
The final pressure is:

(A) 1,091 kPa

(®B) 741 kPa

(C) 330%Pa

(D) 486 kPa

An ‘ideal gas (k= 1.4), with an initial specific
volume of 30 ¢cubic meters per kilogram, experi-
ences an isothermsl compression from 200 kilo-
pascals to 800 kilopascals. What is the final

specific volume of the gas?

) 7.5 mkg

(B) 11.14 m’/kg
{C) 120 m¥/kg

o) 75m¥kg

Whit is the specific internal energy of a liquid
water/water vapor mixture with a quality of 58%
at 40°C?

{A) 167.56 kifkg

(B) 2,262.6 kI/kg
(C) 2,430.1 kl/kg
(D) 1,479.8kJ/kg.

What is the power output of a turbine. operating
where 15 kilograms per second of air enters at
750. kilopascals- and. 280°C, -and .exits at 370
kilopascals and 37°C?.

(A) 2,617kW

(B) 3,645 kW
(©) 61kW
D) 44 kW

A rigid body ‘experiences recti]_'mear motion
{x-direction) anc_l'has_ an initial position Xp = 7.0
feet at starting time #, = 0. The vélocity -of the

‘body, in feet per second, is known according to

the funetion V() = 1* — 61 + 9, where / repre-
sents time in‘secoinds. The distance traveled dui-
ing the first 25.0 seconds of motion is:

(A) 169.9 ft '

(B) —36.01t

(C) 63501t

(D) 3,5583 1t

72,

73.

74..

Slider §

- 8=0

A rod/slider block mechanism rotates in . hori-
zontal plane as shown in.the diagram above. The
motion is governed by the equations #(7) = 2.0
~ 0.5¢ and §(#) = £ + 8¢,-where the units for'»,
t, and § are meters, seconds, and radians, réspec-
tively. The mass of the slider block is 2.0 kilo-
grams, and theré is negligible friction between
the rod and the slider block. The ‘magnitude -of
the slider block’s angular momentum when an-
gular speed @ = 20.0 radians pcr second is:

(A) 6.85 X 10° kg'm%s

B) 1.20 x 10’ kg-m’/s

(C) 5.18 ¢ 10" kg‘m%s

(DY 4.06 X 10° kg:m¥s.

 w (V)
Y\

\
|
]

The 15.0-kilogram ball shown in the diagram
above is attached to an inextensible cord. The
ball swings in a vertical plane, and air resistance.
is negligible. When 8 = 30° the speed of the
ball is kniown to be 3.0 meters per second, What
is the tensiori. in the cord at this instant?

(A) 1612 N -

(B) 3.8N

(©) 467N

(D) 1275N

A 6. 0-pound-mass’ rectangular block slides
down a 40° incline (from the horizontal), and the
kinetic friction coefficient is 0.25. What is the.
magnitude of the block’s total acteleration?

(A) 19.5 ft/sec”

(B) 0.61 fi/sec?

(C) 26.0 ft'sec”

(D) 14.5 ft/sec’
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Questions 57 and 58
Ethane gas burns according to this.reaction;

57.

58.

59.

60.

61,

62..

2C5Hg+ 70, — 4C0; + 6H,0

How many grams of CO, gas dre-prodiced from
300 grams of C3Hy?

(@A) 300g

(B) 440 g

(C) 600 g

) 880 ¢

How many liters of CO; gas are produced, as-
suming ideat gas behavior, at STP?

(A) 224 L.
(B) 448 L

(C) 660 L.
(D) 880 L

How mariy-liters of a 0.25. M HCl solutioi are re-
quired to neutralize 20 grams of NaOH dissolved

Ain enough water to make 1.0 liter of solution?
(&) 1.0L

(B) 20L
(€ 401L
() 50L

Which of the following is an intensive property?

(A) Pressure

(B) Eniropy
(C) Internal energy
(D) Enthalpy

“Which of the following statements is NOT frue

regarding the state of a system?

(A) Tt remains unchanged for a steady-state

process,

(B) Ttis determined by the values.of any two in-

_.dependent- properties in a ‘mactostopicaily
homiogeneous substance;

{C) Ttrenains _ﬁnch'anged for a work interaction

with-a closed systern.

{D) It may in some instances. change sponta-

neously until the entropy of the system
reaches a'maximum value.

Which'of the following devicesis possible?

{A) A cyclic. machine that will experience no

other interaction than to produce erergy
through -a work interaction, while transfer-
ring energy from a high-temperature reser-
voir to a low-temperature teservoir through
heat initeractions .

63.

64.

65,

66.

(B) A cyclic machine that will ‘experience no-
‘other interaction than to transfer to. a ther--
mal resetvoir an amount of energy equal to
the amount of energy it receives from a
work interaction

(C) A device that will change the thermody-
naniic state of a material from one equilib~
‘rium state to another without experiencinga
change in the amount of énergy contained
in the raterial, in thie- amount of matetial, ot
in the external forces placed on the material

(D) A cyclic machine that will experience no.
other interaction than fo accept from a heat
in'terac@ibn with a high-temperature reserveir
an amount of energy equal to the amount of
‘energy it receives from a work interaction

Energy is added in the amount of 50 kilojoules
in'a heat interaction to a closed system while 30
kilojoules of work is done by the system; The
changé in theinternal energy of the systeimn is:
(A) 80 kI

(B) 20KkJ

(C) —20kJ

®) —80KJ

If a sample experiencing a change in tempéra--
tute from 23°C fo 46°C also experiences a
change in specific enthalpy of 120 kilojoules per-
kilogram, of what material is the sample most
likely to be composed? (Base your answer on
the specific heat data provided in Chapter 12.)
(A) Water

(B} Heliuin

(Cy Ammania

(D) Hydrogen

How much energy must be transferred througha
hedt interaction te raise the temperature of a 4-
kilogram sample of methané in a closed system
from 15°C to 35°C?

(A) 348 k]

(B) 45k

(€) 139K

(D) 180 kI

For an isenfropi¢ process of an ideal gas
(k =.1.40), with an initial pressufe of.50 pounds
per square inch absolute, an-initial specific vol-
ume of 8.2 cubic feet per pound mass, and a fi-
pal pressure of 120 psia, what is the finai value
of the specific volume?

(A) 8.2 ft'/Ibm

(B)' 3.42 ft’/Tbm

(Cy 19.7 ft¥/1bm

(D) 4.39 ft*/Ibm
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46.

Practice Examination.

2.cm

6cm

4cm. 4cm

2cm

47

Reference:

The. y-coordinate of the -centroid of the plane
area shown above is most nieatly:

{(A) 2'em.

(B} 1.75cm’

{C} 4cm

Dy 25 em

D

2m
iooN

.'Ijhe_xcs'ultant pin reaction at point-B in the above
diagram (neglecting the weights of BC and ADY
is most nearly: '

(8) 283N
(®) 141.5N
- {(C) 100N
(D) 200N
48; \
& X
10 cm v

49.

If, in the above diagram, the area nioment of in-
értia with respect to the x-axis (centroidal axxs)
is 2,000 (cennmeters) and with respect to x’'-
axis'is 7,000 cm?, the area is most nearly:

(A) 100.cm?

(B} 20 em?

(Cy 50 cm?

(D) 90 cm?

What is the valence or oxidation state of sulfur
in sodium thiosulfate, Na,$,0:?

(A} +1

(B) +2

(C) +3

@) —2

50.

51.

5%,

53.

34,

55,

56.

© k=

The clement most likely to form 4 cahon is:
{A) Li
(B} O

{C) He

0) F

- Ten moles-of Ca(NOs)y, in grams 18

(A) 1,020 g
(B) 1,100 g
(©) 1,640 ¢

D) 1,800 g

The correct. fornmula for the compound iron(II0)

Thydroxide is:
{A) Fe;OH

(B) FexOs
(C) Fe(OH),

(D) Fey(OH)

What is the approximate freezing point of an

aqueons solution of 111 grams ‘of CaCl, dis-

solved in 1 kilogram of H,O? [K; (H20) = 1:86]

(A} —5.5°C
B) ~3.7°C
©) ~18°C
(D) +5.5°C

What is the corfect expression .fbr-_ the 'g:quil_ib-
rium constant K, for the chemical :reaction
ghown below? _

Na(g} + 3Hs(g) <> 2NH;(g)

_ _[NH;]
[Hz][N:]
_ _2]NHq]
3[HZ][N;]
[E. H3]'2
[Na][H3*

A
K, = LT
®) INH.J?

The mumber of oxygen atoms in' 100" grams of
calcium carbonate, Cal 03, is;

(A) 300

A) X,

®) K.

(B) 6.022 x 107

(C) 18.066 X 107
(D) 30,000,000
In the following reaction:
CuS0,{aq) + Z1i(s) — Cu(s) + ZnSOx(aq).

the oxidizing agent is:

(&) Zn

®) Cu
(C) CuSO,
D) ZnSO;
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40.

41.

i 1 § cm -

The moment of the 260-newton force about
point 4 in-the diagram above is most nearly:

(A) 27N'm

(B} 3] N'm.

(C) 184 N'm

(D) 41 N-m.

The tension in cable AC, shown in:the diagram
_above, is most nearly:

(A) 8065N

(B) 714N

(€) 1414N

(D) 600N

The. reaction at point.4 in the diagram is most
nearly: ' '

(A) 208N

B) 1,625N

() 500N

(D) 937N

150:N/m

44.

45,

43 400 N
Z —_
a1 . _ | I'] 100 N/m
AYYYYYYYYYYYYY
G
:-;: 2m -

The maximum moment in the beam shown. iii
the diagram is niost nearly:

(A) 800N-m
(B) 1,000 N-m
{(€) 200 N'm
(D) 500 N-m
3 KN ——>1 "’_‘ _
8
o B ' .
3kN - 3t C
8
3kN 42 E
.
F G
A 15m

In the above-diagram, the force in member DE is,
miost néarly:

(4) 9N

(B) 24 kN

(C) 6kN

(D) 9.6 kN

LT

n ;

600N

In the above diagram, the force needed for equi-
libtium is most nearfy:

{A) 600N

(B) 200N

(C) 300N

(0 150N
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33.

10£30° V @

w:-:'z-_mdm_

34,

Practice Examination

[
Ll

—— o=

-~

+

' 1
2H AL

‘What .is the source current, 7, in the circuit
‘shown above?

(A) 1.84.£66%A

®B) 2:56L—42°A

(C) 0.56,28° A

(D) 3.314-25°A

A series-tuned circuitis to be designed to.have a
‘resonant frequency of31.8 kilohertz and a band-
width of 2 kilohertz. If the inductor value is 10
millihenrys, the values of the capacitor and the
resistor are:

(A) 7.5 uE 50

{B) 5.5uF 250

(C) 2.5 uF, 12570

D) 4.5 £iF, 20 Q

30
. 200 \F
4mH

If the source voltage i the circuit shown above
is given by the equation vy(?) =100V2 cos
1000¢ volts, what.is the complex power deliv-

-ered to the load?

(A) 565.52°VA
{B) 12.65/418.4°VA
() 7204-22.5°VA
D) 975/.~65° VA

36 50k0
10kQ +V

+3 V o—AAA——— '

4V A A .I\ -
20k

-V élom Vo

The-output voltage, ¥, for the operational am-

plifier circuit shown above is:

(A) 333V
(B) —2.5V

{C) 2.5V

®) —5.0V

37,

38.

39.

200N

The magnitude of the resultant’ of the forces
shown in the above diagram is most nearly:

(A) 456.6 N :

(B) 225.6 N

(C) 73N

(D) 230N

The minimum coefficient of static. friction for
the block shown in the diagram to be in: equlllb-
rium is most nearly:

(A) 0.58

(B) 0.5

© 1

(D) 0.87
7
a4
5% .
N -
iy B 77
5 30

A cylinder weighing.100 newtons rests between
two smooth walls, as shown in-the diagram. The
reaction at point B is most nearly:

(A). 100N

(B) 1155N

(C) 50N

(D) BOo.6N
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26. 1k 1k 30, The voltage between the terminals of a 0.01mi-
ANN AAN crofarad capacitor is 50 volts. What is the charge
+ L on the plates of the capacitor?
+_ 1V >2kQ (A) 50 4C
v, — - § 5kQ (ggg ng
. —— ) ( 5 uC
4l (D) 10 4C
The.value of the soiirce voliage, ¥;, for the cir- 31 X 10 36
cnit _Shb_wn.abovc is: S ' ; vy : W
(A) 4V (©) 55V . 40
®7v 095V v = Loy
o - 2
10
AAN

Questions 27 and' 28 are based on the diagram . _
The initial capacitor voltage in the circuit shown

shown below..
.above. is 0 volf. What voltage will be measured
T ;across the capacitor 2 seconds after'the switch is
closed?
v . (A) 865V
N
' (€) 10.64V
= D) 2.18V
27. What is the value of the output voltage, ¥, in 32 i)~ mA
this circuit? ' A
{A) 0.789V {C) 4.321V '
(B) 1256V (D) 0.543V q

28. What is the power dissipated by the 2-kiloohm
resistor in this cireuit?
(A 1.22W (C) 024 W 5T
B) 031W (D) 0.05W I B S I N

» time (ms)

‘The waveform shown in the above diagram re-
peats every 4 milliseconds. The average and rms
values of the waveform are:

29. es of the
2k N (A) 20V,2.82V
vV | | | | (B) 1.0V,224V
Ll o (€) 05V, 1.0V
2V — élm ézkﬂ D) 1.25V,2.82V
AAN
7kQ
3kQ
AN

What is the voltage drop dcross the 1-kiloohm
resistor shown in the diagram above?
(A). 0294V ©) 3.24V
(B) 143V (D) 456V
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12,

13.

14,

15,

16,

17.

18.

19.

Practice EXarmination

The area of Quadrant I that is bounded by
po= %, x-= 3, and the 1-axis is:

(A) 9 square units

{B) 27 square units

{C) 6 square units

(D) 10 square units

What is the maximim value of the fuiction f de-
fined by fix) = x° — 327

(A —2

B) 2

©o

(D) 9

Thie:slope of the line that passes throigh points
(a,b) and (b,a) is:

(A} O

31

(O —1

(D) undefined

The value of logz 50 is.a number between:

(A) 16.and 17

(B) 3and 4

(C) Dand?2

(D) 5andé6

What is the inverse of the matrix [_3

@) [,_ﬁ Q]

iz —i
(B) 'iT[s 3}

1,
-2

ey L[-2 1]
© [53]

M. undefmed.

The complex number 3 — 3 is equivalent to:

(A) \/"enm'xn.

(B) 3VZH

(C) 3V2eP™
(D) 3'\/_ {.7111‘]4]1'

Thie measui¢ of the smallest angle in a trjangle

“with sides that are 4, 5, and 8 meters iri length is:

(A) 30.8°
(B) 24.1°
(C) 22.0°
(D) 29.7°

What are the coordinates of the center of a sphere
whose equation is & +PF 4y ez=0
(A) (0,-2,3)

(B) (0,2,~3)

(C) (1.4.9)

™) (1,—2,-3)

20.

21.

22,

23,

24,

25,

What is-the sum ‘of the infinite geometnc series

Z (0 3y9-

f="1

(A) “1“5

i
(B) 5

© %
3

(D) =

The value of the definite: lntegral f dx. is:
(A) In2

(B) In3

(© 1

D) 0

The equation of the tangent to the curve

%% + 37 = 25 at point (3,4) is:

(A) 4~ 3y =0

(B) 3x — 4p = —7
(C) 4x + 3y =24
(D) 3x+ 4y =25

The volume of the solid -generated: by revolving
the area bounded by v = V';'r,fy = 2, dnd the’

_y-axis about the y-axis is:

(A) 3w cubicunits

(B) i@sﬂ cubic units
©) é—%ﬁ cubic units

(D} S?)—W'Cﬁbit; units

For 0 <x < -32{, the trigonometric -expression

tan x 86 X ¢os ¥ is €qual to:
A1

(B) 0

(C) sinx
(D) cos 2x

If a 100-foot spool of wire has'a resistance be-
tween its ends of 5 millichms, what is the resis-
tivity of the wire? The cross- sectlonal area ofthe
wire-is 0.2 sq. in.

(A) 1.666 X 107 - m

(B) 5242 X 1070 -m

(€) 4233 %X 1077 Q-m

(D) 2115 X 107°Q - m
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Practice Exa

ination

Morning Session

120 Questions

Directions: For each inconiplete statement or: question, select the answer that best completes the sen-
tence or answers the question. Then fil in the corresponding space oh the answer sheet.

. Thc.par’tial.deri'va'ti.vef-g-zw of

X
r= 2x2y 2x + 3y)is:
(A) 2% + 3
®) 4w 2
(©) 2P
(D) dxp + 3

. Abag contains 20 balls numbered 1 t_o_ 20, Ifone
ball i removed from the bag, what is the proba-

bility that the ball is-even or is less than 52
a) 5
(B) .75
(C) .65
) 5

. The vatue of the detérminant
(A) 5

(B) 0

(©) —1

{D) 6

. The graph of the general quadratic equation
3x% ~ 10xp + 37 + 8 =0 s:

(A) :an eilipse

(B) -a.parabola

(C) ahyperbola

(D) aéircle

. In statistics; the measure of the spread or disper-
sion of the saimple data is usually given by the:
{A) median '

(B) standard deviation

(C) mean

(D) mode

I~ 4 ~2
6 3 —4
0 -2 1

19

. .A geometric interpretation of the first derivative
of y.= flx) is:
(A) ‘the area under the curvey = f{x)
(B) the volume found by rotating the area under
the curve y = flx} about the x-axis
{C) ths slope of the normal t6 the curve ¥ = fx)
(D) the slope of a tangent to the curve y-= fix)

7,
D4 3y = Owith(0) = L is:

10:

I,

The general solution of the differential equation

dx

@) y=e™
®) y=e*
() ¥=In3x
®) = e

. The general solstion of the differential equation

¥+ 4y + 4= 0is
A) y= c;e*‘

B) v =" (¢, + czx)
© y= cle”‘ + eoxe™
® y=ce ™ +c

. A particle travels in a straight line in such 2. way

that its distance s in meters from a given point
on the line after time in seconds is. givén by the
equation & =10 — 2#*. What is the instanta-
néous velocity of the particle at £ = 1 second?
(A) ~2ufs

(B) 15m/s

(C) S0m/s

(D) 20 mss

A unit vector perpendicular to the wvector
A =3~ df is:

(A) 4i—:
my

C) Zi——j

© 3 5)

4. . 3.

D) i 45§
D) $i+<i
A physical interpretation of the definite inte-

-

gral | fxX)dx is’

(A) the instantaneous ‘velocity of an object:
along the curve y = f{x) froma to &

(B) the acceleration of an objectatong the curve
¥ = flx) fromato b

{C) the work done by a variable force y=fix)
in' moving an object from «'to b

(D) both (A) and (C)
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PRACTICE EXAMINATIONS

Taking the practice exams included in this book is an important part of your
preparation for the FE/EIT exam. Take the practice exams only after you have
thoroughly reviewed the concepts and worked the sample problems pre-
sented in this book.

Included-are two fulHength practice exams. The first practice exam cov-
ers the material presented in the Morning Session exam. As on the actual
exam, you have four hours to complete the practice tést. For examinees not
electing to take 3 discipline-specific afterncon exam, the second practice
exam covers the material ir' the afternoon General Exam option. Again, as
on the actual exam, you have four hours to complete the' practice test.

Training is the best way to increase your test-taking. staminal For this rea-
son it is strongly recommended that you take these practice exams in two
back-to-back, fourhour sessions. Simulate test conditions; use only your cak-
culator and your copy of the “NCEES FE Refefence Handbook” while taking
the practice exams. Read each question carefuily, study the diagrams, and
eliminate obviously incorrect answers. Since there: is no. penalty for wrong
answers, make your best guess when you do not know the-answer to a
question.

Allow enough time in your study program not only 10 take the practice
exams but also to review any problem areas thiat become evident when you
analyze-your incorrect answers, Fill in the charts at.the end of each exam
as you score your resuits. An analysis of incorrect answers is a tseful self-
teaching tool and will heip you to fine-tune your final study sessions.
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69.
70.
71.
72,

rHEO>rODOTEPQOFPEETOAOORAOOM W

@seismicisolation

3.
14,
75.
76.
1.
78..
79,
80..
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92,
93.
94,
95.
96.

QPWEIFRPOIPEOAERFPOQQOUP QOO0

97.
98.

99.

100.
101,
102.
103,

104..

105.

106.

107.
108.

109.

110.
111.

112,

113.
114.
115.
116.
117,
118.
119.
120,

PEUAWOEAR»OQPO>TQADPEHOAT> QW


https://t.me/seismicisolation

364 Practice Examination

iagnostic Chart

_Morn'ing Session Practice Exam

Mathematics 24
{1-24)

Electric Circuits' 12
(25-36)

Statics 12.
(37-48)

Chemistry 12
(49-60)

Thermodynamics 10
(61~70)

Dynamnics 10
(71-80)

Fluid Mechanics 8
(81-88)

Materfals Science 8

(33-06)

Me chzgn_ics of Materials 8

(97-104)

Comiputers: 6

(105-110)

Ethics 5

A11-115)

Economics 5

(116-120)

“Total 120
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Answers Explained

1. B Treaty as a constant to .Obt_ain'%_ = dxy -~ 2,
' z

2. D P(dor B) = P(4) + P(B) — P(4 and B)
1004 2 12

= ————= 6
20 20 20 207

3. A Expand about the third row to obtain’

-1 -2 -1 4

+ 1
6 -—4i N6

z. ! = 2(16) + I(~27) = §

4. C The discriminant
B? — 44C = (=10 — 4(3)(3) = 64> 0
Hence, the.graph is a hyperbola.

5. B This-defines the standard deviation. The me-

dian is the value of the middle term. The mean is.

the average of the terms. The mode is the most
frequently occurring value, These are basic defi-
nitions that should be memorized.

6. D The first derivative is equal tothe slope of
the tangent to the curve, y» = f(x). The ared un-
der the curve is equal to the integral of the fiinc-
tioh- f(x). The other responses. do not mean
anything,

7. A The equation is linear in-y with integrating
factor e = ¢, Hence, the genieral solution is.
ye¥ =¢, or y=ce > For y(0) =1, e¢=1.
Therefore, y =&~ >~ o

8. B The solution of the auxiliary equation-
wt+4m+4=0 is the repeated root
m=—2, Hence, th¢ general solution is
¥=cre” 4 cave ™ oFy = €726 + eax)s

9. D v =—§§- = 307 ~ 10¢*; Therefore, at 1 =1 s,

=20 m/s.
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10.

11.

12.

13.

14,

15.

16.

1.

18.

DB = 4i + 3j is perpendicular to A = 3i — 4j,
since A+ B =0, Since |-B | = 3, a uxit vec-

tor perpendicular to Ais %1 + %J

C The work done by a variable force in moving
an object is equal to the: definite integral
i S
[(x)dx. The instantanieous velocity is equal to
- . _
the first derivative of f(x), and instantaneous ac-
celeration is-equal to the second derivative of f{x).

3 x?’- 3 :. .
A Area= f Pdx= T = 9 square units.
. Sl _ !

V]

Bf(x=3x"—3 and f'x)=9x. Solving
F1()-=0 yields x = =1, with f{1) = —2, and
F(=1) = 2. Sineg f(—1) = =9 < 0, the maxi-
mum value of fis 2.

iy e A0
C Slope m b a 1.

B Since 3* =27 and 3* =81, the value of
Jlogs 50 1hmst be-a number between 3 and 4.

3 y_ _ r_|[3 —3
A 4] ;_5_ _.2| L. A% [1 ﬂz]
e =2 =1
implies adj(4) = 5 3 . Hénce:

a1 adity [ 2 1
4 ‘l.%l-l I:_*'S —3]

D r=V3 T (~3)=3V2,
Also, 8 = tan~'(—1)= —w/4, which is equiva-
lentto 7774, Hence, 3 — 3i = 33/ 277,

B The smallest-anglé is opposite the smallest
side. Thus, by the law ‘of cosines, 4% =5% + §°
—2(5)(8) cos 8, which implies that 6 = 24.1°.
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19. B Complete the squares, and rewrite the equa-

tion as {x — 0)° + (p -2} + (z + 37 = 13..

Hence, the center of the splhiere is-at (0,2,—3).

20. D g, = 0.3 and.# = 0.3, Hence,
03 3

T r-03 7

k) .
21 A [ —tea=nlr =17 =h2=n1

= 2.

22. D Differentiate implicitly to obtain 2Zx + Zy%'

= 0, which implies Y _ X Now, at (34),
dx ¥

slope m = —3/4, Hence, the equation of the-tan-

genitis (v— 4) = ~%_(_x ~ 3Yor3x + 4y =125,

- sur i
23. C Volume = ﬁf P dv= ':T(’L-) - 2T
o ! - 3 e 2.
cubic units. S
sinx 1

24. A Rewrite the expression as ;
‘COSXY SNy

cosx

, which, if sin x # cosx # 0, is equal to 1.

25. D Rearrange eq. 4.4:

=T

_ (5% 107*0)(0.2 in®)(2.54 em/in)(1 m/100 cm)

100 ft X 12 in/ft
=2115% 10730 -m

26. A Solve for the current through the center

branch;

. A _
L= 5 = 0.5mA

The voltage across the 2-k() and 4-kQ resistors is:
7o = (0.5 mAYZ K + 4 kD) = 3V

The voltage dcross the 1-k(}-and 5-k{} resistors
is also 3 V. Therefore the :current through this
combination is:

3V

=TI T 5K0

= 0.5 mA

Thetotal current is

Li=hL+L=05mA + 0.5mA = 1.0 mA

The voltage across R, (the first 1-k(} resistor) is
Vi=(LomA)1kQ) = IV

Apply Kirchhoffs voltage law around the input
loop:.

Vi= Vi + V=1V +3V=4V

27. A Determine the total equivalent resistance
“deen” by the current source. First, find the
efuivalent resistance of each branch.

Branch 1: 1.
Branch2:2 0 +30 =50
Branch3: 40+ 50 +6 0 = 1540

Apply eq. 4.17(b):
L 1 L .
Rip= ] ] I =.0.789 £}

0 30 50
Voltage V, = (1 A)(0.789.€0) = 0.789 V

28. D From Problem 27, the voltage across each
branch. is known to be 0.789 V, Therefore the
current through the center branch is:

7o 089V

“20+30 =0.1378 A

Apply eq. 4.9:
P=T"XR= (01578 AY(2.0) = 0,05W

29. B Sélect the loop currents so that only one. (/;
for this problem) flows through the 1-kQ resis-
tor. Therefore, only loop current I will have to
be. calculated before applying Obm’s law to
solve-for the voltage. '

Looep A path includes the 2-V souiree, resistors
2k}, 1k€, and:7 k(L.

Loop B path icludes the 2-V and 4-V
sources, resistors 2 BQ; 2 k0 and 3 k.
Loop C path includes resistors 7 k€) and 3 k().
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Assume all loop currénts are chosenin a clock-
wise direction.

Loopd: 10kQ+2k0~7kQ=2V
LoopB:  2kf}+7kQ+3kQ=—-4V +2V
LoopC: —7kQ+3kQ + 10kl =0

Solve for I, (note the answer will be in mA):

V=(143 mA)(1 k) = 143V

30. C Applyeq, 4.26:

Q=CXV=(0.0lX107°F) x50V
=0.5 uC

31. D To determine- the maximum voltage the ca-

pacitor can charge to'and the time constant, first
obtain the Thévenin equivalent circuit. The
Thévenin equivalent resistance is found by re-
placing the voltage soarce with 0 {); then ‘the

1-) and 2-( resistors are in series, and this se-

ries combination is in parallel with the series
combination of 4 €} and 2 {}.

LetR, = 10.+20 =30

and R, =40 + 2 Q = 6. Then;
30%X60Q L
Rn=3gren T10=58

The- Thévemn equivalent voltage is found by re-

moving the capacitor and measuring the voltage

across Ry, (the voltage across the resistor combina-

tion of 4 € and 2 Q_) This _Ti_l_evemn voltage may
‘be calculated by using the voltage division law:

-Rb
R,t+ R,
— 6 £

30 +6(!
The time constantis 7= 58 X 2F = 10 s..
Apply eq. 4.33;

VTh = X 18V

X 18V =12V

w(f) = 12V X (1 — 67 10) =218V

.32

33.

34.

35,

'Im i

B For the average value of tl‘llS waveform, apply
eq. 4.36(b);

3V X 2'ms) +(— 1V><2ms}
4ms

= 1OV

For the rms value of this waveform apply. eq.

4,37 -0oruse

p =\/(9V2'-><.2ms)+(1v2-><2':ms)

\ 4 ms
=224V
-A Solve for the impedance of each branch:
. 1 '
2y =30~ 71—
(2 radls X Ty H)-
=(3 ~j4) 0

=50 +;(2rad:’s><2H)—~(5+J4)Q

Zy =200+ j(2 rad/s"X E H) = 2+jHQ

Find the total impedarice:

o Ly X Zs

Zr=2+ Zy + £

~ G+A0XE+/1)0
=6 4m+(5+;4)ﬂ+(2+;1)n

= (445 — j3.18) :

Apply Ohm’s law:

104308V

= = 1.84,66"A
*T A5 318 0

C' Rearrange eq. 4.48 to solve for

. 1
(27 X 31.8 X 10° Hz) X (10 X 107 H)

=25X107°F=25uF

=

Rearrange eq. 4.52(b) to solve for R:
R=2mXBWXL
= 27 X-(2 X 10* Hz) X (10 X 107 H)
= 12570

B Deterniine the impedance of éach branch.

Let  Z, =R +jol = (3 +j(1,000)(4 mH))

=3+ 40
1

and 2, =0 =756 rad5)(200 1F)
= —j50
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38.

39,

49,

41,

42.

43,

= VR +R,=73N

A p, = tan 8 = tan(30) = 0.577 = 0.58
B 3F, =0 B cos(30) =100
B=TI55N

D M, = 260( )(0 i5y + 260( )(0 05)

=41 N-m'
. 4 o
B EF\ =0 "_j“ ITIC =T3(_ cos 45
).:‘f}_‘ =O %.‘T:’I(: + TBC sin4s — 1,000 ={

Solve for Ty Tye-= 114N

A SMy=10 A(9)— 1,500(1.5) + 375(1) =0
4=720833N
B. Maximum moment occurs at'the support..

.11411111)( = 400(2} + 200(1) = 1,000 N‘m

50.

51.

52,

53.

3 68 ‘Practice Examination
Then: 44. C Cut the truss through members BD, DE, and
: : ; : EG, and iise the FB 'per section
o BT (3 +74) 0 X (=5) Q. trus,San use the FBD of the upper séction of the
Tz, 47, G40+ (50 '
. ' SFi=0 Fog=6kN
= (75~ j25) Q ‘ e |
The input voltage phasor is 10.07.0° V. Apply 45. B IF, =0 3F = 600
Ohm’s law; then; F=200N
10.020°V e e o
= e = [ 2651847 A . - 2y4 1(20) +5(12) _
( 72.5) 46. D Y = e YD) = 2i5cm
Complex power = 1_0.0&0"" VX 12654184°
A= 12,65 £18.4°VA 47. A SMy=0  (Facosd5%2)— 100(4) =0
36. D Apply eq. 4.64: Fpo=283N
. Y50k . 50 k{} . _ _
Vo= "(( 10--1‘;&1-X-3’V) * (20 Rl 4“)) 8. CL=[+Ad
=50V A= Trd”; I _ '?,000'.1."(;12,000 = 50 om?
37. C R, = SF, = 130( ii) ~= 200(cos 30)
49. B See Example 1.4. Sulfur may have more than
=53 2 N one valence or oxidation state. Set up.a simple
=73, = 130( ) +.200(sin 30) — 100 alggbtai_;.equation, iét_.ting X equal'_the.unk_nowr_l-
_ valence of sulfur. Sodium has.a valence of +1,
= 50N and oxygen has a valence of —2. The net charge

on Na,5,0; is 0, since it’s uncharged. Sum up
the individual atomic charges-and set them equal
to 0. Thus:

2+ D)+ 29 +3(-2) =0
xi= 42
A Look for a metal, since metals generally form
posiﬁv_ely ch_arged ions, called cations. The only
metal listed is lithivm,.Li.

C The-molar mass of Ca(NO;), is 164 g/mol.
Thus, 10 moles is 1,640:gs.

C Iron(Ill) hydroxide is an ionic: compoind.
Hence, use the criss-cross method of formula
writing, Iron(III) is Fe**. Hydroxide is OH ™.
Criss- -CTossing gives Fe(OH);.

A This is a freezing-point-depression probletn,
so use eq. 1.1, The solute is CaCl;; and the sol-
vent is. water. CaCl, is 4 strong -.'e!ectrolyte, 50
i=3.

Thee K, of water is given as 1,86, The molality m
of the solution is:

_ 111 g/111 g/mol

_ = 1,0 |
1.0kg mola
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54,

55,

56.

57,

58..

Substitute these numbers into eq. 1.11, and solve
for AT. Thus, A7 = 5.5°C. Hence, the freezing
point T,« of the solution is —5.5°C,

C The correct exptession for the equilibrium

constant K, is given by eq. 1.28: Ofthe choices’

-M is in this form.,

gwen only K. =
[N:][H,]?

C First convert 100 g to moles of CaC0;; the
atiswer is 1 mol of CaCQ;, There are 3. noles of
oxygen in'1 mole of CaCO;; this-gives 3 mol of
O. Then multiply by Avogadia’s mimber to con-
vert to the number of atoms. '
molar mags = 40+ 12 + 3(16}
= 100g/mol CaCO5
1. mol CaCO3 <=3 mol O
3mol O ( 6.022 X 10* atoms 01)
1mol O

= 18.066 % 10® atoms of oxygen

€ The oxidizing agent is the reactant species

that removes électrons froin ‘another reactant.-

Since copper is in the +2 oxidation state in
CuS0, and goes to ‘the zero or uncharged state
on the ‘product side; it must gain 2 electrons by
removing them from. zinc. Thus, CuSO; is the
oxidizing agent.

D The reaction is already balanced; assume O,
is iti excess. Use the factor-label method:

(1.0 mol-e‘H(,) (4 0 mol-£6;)
300 ngiH

(30.0 £C4H;) (2.0 mol-E5FLy)

(4005CO) _ g
(1.0 mol.€6,) k

B Since CO» can be regarded as an ideal gas,

convert 880 g to liters using the ideal gas law:

PV = nRT

where n = m/MM = ———“-g-—- = 20.0-mol.

44.0 g/mo
STP. means that 7 = 2‘?3 X and P =10 atm,
Also R = 0.0821 L-atnvK:mol. Substitute the
numbers, and solve for ¥: ¥ =448 L..

59.

60.

61.

62,

Morning Session

B Use (M)(Vy) = (Mg)(VB), since molcs of
acid must equal moles of base."
My=025M, ¥, = unknown;

20 g NaOH/40 g/mol

My = 10L

= 0,500 M
V=101

Substitute the numbers-and Solve for VeV, =
20L.

A The values of entropy (S), internal - energy

(U}, and ‘enthalpy (H) are each proportional to

the mass of the system. For purposes of analysis,
the mass specific forms of these properties are
often used. The ass-specific form is defined as
the value of the pioperty d1v1ded by the mass of
the. system, thus:
_ S v . H
= W=y .
m, b S
The value-of pressure, howevet, does fict depend
oit theé mass of the system, and therefore
pressure is an intensive property.

C A steady-state system is defined as a systeni.
in which the state remains constant with time;

‘therefore the state of a system remains un-

changed for a steady-state process, and state-

‘ment (AY is true,

It can be shown that the state of a system
that is comprised of a macroscopically homoge-
neous substance-is determined: by the values of
any two independent properties, so statement
(B) is true.-

Because during a work mteractlon, energy

18 exchanged between the system and its sur-

roundings, the state of the system must change;
therefore statement (C) is false;

One statement of the second law of thermo--
dyna:rmcs is that there exists one stable equilib-
rium state for which the value of enfropy is a
maximum for a given value of energy. If the
value of entropy is lower than this maximum
value, it-is possible ‘that it will increase sponta-
neously; so statemerit-(D} is true,

A If an energy balance. and'.aﬁ entropy balance
is applied to-the system desciibed in statement
{A), it is possible to configure the systein ‘in
such a way that the values of érergy and entropy
diy not-cliange with time. vaic;c (A) 'is'possiblé._

By applying an enttopy balance. to- the sys-
tem described in statément (B, it can be shown:
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63.

64.

65.
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that the value of entropy must te continuously
decreasing; therefore, device (B) is not possible.

By applying an energy balance to statement
(D), it can be shown that the value of energy
must be continuously increasing; therefore, de-
vice (D) is not possible.

An equilibrium: state. is determined by the
amgount of eriergy contained in the material, the
amount of material, and the external forces

placed on the. material; thereforc,‘ there cannot
‘be. two: equilibrium states under these condi-

tioris. Device (C)is not possibie.

B When the energy balance equation, eq. 12.14,
is applied to this system, it can be simplified as
foliows:

AE=Q-W

where ' = the amount of energy transferred to
a system during a heat interaction,

W = the amount of energy fransferred
from & system during a work inter-
action. '

Substitute the siven values:

AE=50k —30k)
= 20°kJ

B The relationship between‘a change. in specific

enthalpy and the temperature of a system is
given by éq. 12.38:

Ak = ¢, (AT)

Then:
_ Ak
Cp = "E?
4|
120 —
46°C — 23°C
= . kY kJ
= 5722 T or5.22 kK

Therefore, based on the property data tables at
the end of Chapter 12, the substance is most
likely helium, which has a constant-pressure
specific heat of 5.19 kJ/kg K.

C The change in internal energy for a closed
system i equal to:

AU = m Air

The change in specific interhal energy is related

to the change in tempetatire by eq. 12:38:
Au = e, AT

@selsm|(:|solat|on

so that
AU = mic, AT
=(4 ko) 1.74 w—m {35°C — 153°C
( g}( .7 — )( )
= 139.2 kI

'66. D For an isentropic process in a system com-

posed of an ideal gas, from eq. 12.41:

ok k
Py = pava

. 1k
Vo = Wy (P_i_)
Pz

“—*'.:82 f© \/ 50 psia i
~7 lom /| 120 psia

= 4,39 ft*/lbm

67. D From eq. 12.47, for an isometric process-of a

system composed of an ideal gas:
L. o
F4 § 202

-2
P p1T1

(110 + 273)K
= (600kPa )(200 + 273K

= 486 kPa

68. A One relationship that describes an isothérmal
process of an ideal gas is Boyles law, eq. 12:49:

Py = pava
V2= VIP_I
: s
4 B .
3t _QZOQkPa!
kg /(800 kPa)
= 7.5.m%kg

69. D Fora two-phase mixture of water, the average
value of the specific iriternal energy is given by
eq: 12.66b;

i =ty + X — 1)
From the satur_ate‘d water ‘table. at the end of
Chapter 12, .at 40°C:

up=167.56klkg, . = 2,430.1 ki/kg
‘so that;
By = 167, 56£ + 0.58
kg
. kJ kIy
X [2,430.1==- — 167.56-=~
( 30 ke 167:56 kg_)
1,479.8 kitkg
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70. B For a turbine, fromeq, 12:77:
W=l ~ h)
where, from eq. 12.33:
B = he=cp(Ti = T.)

Find the value of the constant-pressuie specific.
heat of air in the property data table.at the end of

Chapter 12:
¢y =1.00 klkgK:

Substitute known values:
=i o (T~ T,)

= [1cke kJ .
(1_5 )(100k K)(zsoc 37°C)

= 3,645%:3,645 KW

71. D Distance traveled is determined by calculat-
ing the absolute value of the area of the velocity
graph from 0 = 7 =< 25.0 s. It is necessary to de-
termine the time{s) when V= 0,

Vi) =12 — 6t + 9
Factoring, ¥ = Oatr =3.0s,
D1stance traveled =

f(r — 6t + 9)dt|

25
SN
3

A
= (=~ 32+ 01
(3_ >4 9

= 49 — 0] + [(3,558.33 — 9)|
= 3,558.3 ft.

72, A Given: /{f) = 2.06° — 05:% and 0(f) = ¢* + 8.

Then:

w= =9 =2/ 1 8 =200 rads

di
_20—-8 _,
o= 2 =6.0s.

Angular momentum is-

H=mr6 = (2.0%k)[2(6)° —0.5(6)°T(20.0 rad’s)
= 6.85.% 10°kg-m%s.

73. A For cord tension when 6 = 3_(_}"“_, use the tan-
gential-and normal coordinates system.

Morning Session

~ FBD of ball involves only tension-and weight
forces (neglecting air friction),

mP* _ (15 kg)(3.0m/s)? _
R 40m

From the FBD of the bail:
3, = T~ W cos 30°
= T~ (15kg)(9.81 m/s)(0.866) =33.75

2}:” =

33.75N

Then:
T=33754 1274 =1612N

74. D Draw the FBD-of the block usmg inclined and
normal coordmates External. forces are normal
reaction:Np, wmght -and kmetw friction Frx:

Block’s acceleration is along inclined direc-

tion. Solve: :
7 W sin 40° — Fry.
o 6.0 Tbm:
_ 6.0sin40° — 0.25 N

6.0 Ibm
From equilibrium in normal directiori,
Ng =W cos 40° = (6-'0)’(’0'7’6‘6’) = 4.6 Ibf
a 3.86 — 0.25(4.6 lb)
P 6.0 lbm

- 271 16)32.2)
6.0 tbm

= ]45 fifsec?

5. C Apparent weight is. reaction NR Draw the
FBD of the car, arid identify wmght and normal
dnd friction forces.

Normal direction istoward center of curvature.

SF = mp? (1,455 ke)(18.3 /sy’
"R 61.0m
= 7,983 0N :
= W;— Ng = T,988.0N

N = (1,455 kg)(9.81 m/s?) — 7,988
=6,285 N

76. C Employ the conseivation of linear momen-
turm principle.for impact.
Let V1 = 20.0 fi/sec and Vy = —5.0 fi/sec.
Since my = 3.0 lbm, postcollision. velocity is:
v _mi'  —3451b: ﬂf’sec
A 3.01b
For coefficient of restitution e
e(Mi—= V)=V — W

—~11.5 fi/sec
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Also:
¥y + mu:r/u
= ﬂlIVi' 3 'm"V]'_[j' -3 VHil

_ (3.0)200) + (1.0)(—5.0) = (~34.5)

7.0
.59.5
=== § 5 fi/s
70 5 ft/sec

Substitute: known values and solve for e:

S 85 - (2118) _ e
200 = (=5.0)

77. A The equation for work of a force is
Wi a = JF dr. For a constant-friction force,
W = (Fe)20.0 m) since the friction force
and displacement are in the. same direction,
Fr= 0.8Ny, where Np is the normdl reaction
betweeri thé tires and pavement, given by
Ny = W cos 3° (from equilibrium in the ditec-
tion perpendicular to incling). Then

Ng = (1,300)(9.81)cos.3° = 12,7355 N
Energy dissipated is friction work, so

W2 = (0.8 X 12,735.5K)(20.0 m)
=.203,768.4 N-m
W15 = 203,760 T

78. D Period of vibration 7 is independent. of the
initial-displacement.

o= Y J I
T 21?\/;

where k = 0.260 kN/m =-260.0 N/m. Substitute
known values:

L8ke _ _ )\ /Go06887
600 N/m 7V 0,006885

= 6.28(0.0838) = 0.523 5.

T= 20

79. C The speed of point.P relative to the center C
‘of the wheel is.simply the tangential speed.

Vive = re = (0.5m)(120 1prm)
= (0.5 m)(120) “25% 'rad:’s_)
= 628 /s =~ 6.3 m/s

80. C First determine the speed of the block at.
point B, utilizing the conservation of energy
principle for a frictionless process from A fo B:

KEy + PEy=KEy + PEg.

Let. PE; = O(datum), and FPE, = mgh, = (5.0
Ibm)(32.2 firsec?) (3.0 ft) = 15.0 fe-Ibf. Since
V4= 0, then KE, = 0, and the conservation of
eneigy equation becomes

0+ 15.0 ftIbf = %m'V; +O

Solve:

. [2(15.0 fi-lbf)
R e

(30,0 f-10)(32.2) _ 126 fican
5.0 Ibm 13.9 fifsec

Since there- i$ no Work on the block bétween
point B and spring C, Vg = V= 13.9 fi/séc.
Use the work and kinetic energy principle from
C to the 3.0-in compressed position (point Dy:.
KEq + Wogi ¢y = KEp. The work from Cto D'
is spring work only, so.

. 1 o
I’Vue:l. [l R "j'k (J.Y—C2 — XD")
Substitate known values;

15,0 fslbf+ = (40 0 Ibf/)[0. ~ (0 25 6y
= 3(5.0 Ibin)¥,?

Solve:

13.3 fi/sec

- 20L5.0 — 1.25)ﬂ~lbﬂ3'2.2)_ _
S 5.0 Ibm

‘81. A The flow.rate of fluid through an orifice flow

meteris given-by the.cquation

o-co T (5]

Because z, is equal to z;, this equation can be
simplified to:

Q=m\/¥(ﬁi£}
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82,

83.

Substitute known values:

0= (0.61)(0:50 nv*) X
N

. A B A . =

2(9_81 %) 1,000 Pa I-:_50 Pa || m

s 9,810 =5 Fa

: m
= 0.32 m*/s

A Because the density of air ‘has a much smaller

value-than that of the manometer fluid, pressure
differences within the air sections are negligible
compared to pressure differences within the
manometer fluid. Therefore, p,; is very nearly
the pressure at the top of the: manometer fluid
exposed. to- vessel 4, and p, is very nearly the
pressiire. at the surface of the manometer fluid
exposed to vessel B. The two pressures can be -
related as follows:

pB —Pa= ngkm
This equation is.rearranged as:

PB :pA + ngkm-
= 600 Pa + (850%)(‘9.-31:1—;)(0.20 m)
N_\(Pa)

x| Kgm || N
S2. . 2

\ m
= 2,263 Pa

84.

This problem is solved using the Bernoulli

equation:
P4 + Vl
Y 2g

+ 2z _}?__+ V2 -z
Y 2

Pam

In this case, because the diameter.of the tank is
assumed to be much larger than the diameter of
the siphon tube, the average: vclomty at section 1
is neaily 0. Also, the pressures of the fluid at
section 1 and section 2 are equal to the. atmios-
pheric pressure. Using:these facts, simplify the
Bernoulli equation and solve for Va:

V. ;gV'l— =2 vp2 +(z = )
Vs= @m
= ,2('9.8-1.3—2)(3111)
—767mls

The volumetric flow Tate is determined from the
average velocity using. () = VA where the area
4 is given by the equation

D
4

A=

and where D is the diameter .ofzthe- siphon fube.

= WDE
0= V( :
_ m\[ w(0.03 m)> /3,600 s
s el e
- \
=.00542-n:—

C' The total force acting on the gate, applied by
the water pressure, can be modeled as a point
force located at the center of pressure. Using the
magnitude of this point force; and its distance

from the axis of the hinge, the required moment

is determined. (Refer to the figire below.)

t— Waterline

A
-
-

L 2
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To determine the wiagnitude of the point force,
use these equations:

F= EJ";;E&A\
=0
b,
P = szl

P2 = pger
Ibm Ibf
(62 4?)(32 ZQ)(‘I’ ﬁ)(_m)
C .

bt
= 249.6 2

= 1,497:6 Ibf

To determine the center of pressure, use these
equations:
—
. pgl,, sin(90%)

F

wh'
I_‘i"-_ - 12
_ B mEn’
o 12
=16t

(62 412?)(32 2 )(16 ftYy e
(32 pJom )

¥ =

1497.6 _lbf mi-it

sec?
= 0.667 ft
To determine the length of the moment arm, use
this equation:
Zp=1ft+2z, +z*
= [ft +2f + 0.667 ft
= 3667 ft
And the total moment is:
M = F z'm_
= (1,497.6 1bH(3.667 ft)
= 5,496 1bf-ft.

85. € Solve this problem usmg the Betnoulli equa-

tion, modified to include the frictional head
loss;

ﬂ ?12 P2 :ng .

BLyp 2t g =240 02 404y

vy 22 Y 2
In this case, the average velocity at the outlet is
equal to the average velocity at the inlet, so the
pressure loss is given by the equation
P1 P2 = Wz — )+

The frictional head loss is expressed as

v=1(5)(z)

Also:
"
V=—
od
where
_ #(0.20m)>
4. "
= ;157 m*
Then:
( 10‘0(}155&)
V= (.1\,000%%—)(0. 157 m2)
=637 m/s
and

i 42
637

m | :
A= (0027)(020 ) 2(9‘31-“;‘-)
2o81z)

=251m.
Finally:
P —— (9 310—-—)( —53m+251 m)(%—)
™
= 2,060 Pa

86. B The Reynolds number for flow in a pipe is
given by the equation:

Re = 27D
73
At first glance, the numerator of this expression
leoks like mass flow rate per unit area, so. an-
swer (A) seems reasonable. However, if the
Reynolds number were purely a measuie of the
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87.

rate of fluid flow; there would be no néed of vis-

¢cosity in the relationship; so it can be inferred

that the meaning may be somewhat broader.
Examine the other choices for a better fit.

The pressure of the fluid does hot appear in
the relationship for thé Reynolds number, nor is
it easy to derive a pressure-force term from the
parameters used. Answer (C) seems unlikely,

An inertial force term would be propor-
tional 16

Fjs= P 72

‘And a viscous force would be proportional
to

¥
F = )wz'

where I is a. characteristic length for the flow.
The ratio of these two forces is.as- follows

‘Therefore, the answer is (B).

‘Choice (D) is incorrect because. the

Reynelds numbei: is always an important para-

meter when analyzing a fluid-flow situation. It

gives an indication of whether the flow is: like'ly
to-be laminar orturbulent.

A Since the head Toss through each pipe must
be equal:
Vz L,:, Vh
.ﬂ? o
D 2 "D, 2g
With £, = f;
Yo _
Vs
(Vo= V)

Morning ‘Session
Use this resilt in the continuity equation:

VA=V, A, +Vidy

=Vda +4) -
o wDE 7D}
h V( 4 45)

‘ITV(,,
T(Di +Dj,

Then
7, = (Fil)y—m
¢ N mDE + DY) _
A 4 :
- (260 rmn)[ [ (4 in)* +.(2 .inf]]
144 in®>\/ min \
(“ﬁz )(’6__0-5&.0)
= 39.7 ft*/sec

88. D Use the: 1mpulse-m0mentum principle to.
solve this problem:

F =5y — i,

In this case, only the horizontal, or x-direction,
component is important. The x+direction equa-
tion. for the impulse momentum pxmmple is as
follows:

[, = m| ¥, cosa — m|7,]
Also, since 4y = 4, [V| = ﬁ}.zl =20 m/s, 50

(7. = ml7, l(cos & — 1)

(fo)ens—o{ 5]

5

—293 N

89. A Use the standard Emf Series in Table 8.4 as.
an approximation of the behavior of dissimilar
metals in-salt water. Iron is anodic with respect
to copper. Therefore, the anodic- oxidation half-
cell réaction for iron will occur.

90. A Although the solute and solvent may be in
different phases (as, ¢.g., when the solute is table
salt, 2 solid, and the solvent is water, a liquid),
the Solution has only a single phase (in this ex-
ample, liquid).
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91. A In choices (B) and (C); the: Ip Jevel does not

exist. In choice (D), the 3d level is a higher en-
ergy level than the 4s level. '

92. D Engineering stress, o, is defined as foad per
area, Here, the Toad is 500 N and the area is

mr? = 7.85mm? = 7.85 X 10™% m?
Then the stress is

500N

s N 2
= — =36 X 6—-—-—. - = 6,36 N =
0= o2 = 636X 107 = 636 MN/m

93. B For a plain carbon sieel confaining 0:5 wt.
%C, the lever Jaw for amount of pearlite should

be drawn in the austenite plus ferrite region, just

above the eutéctoid température. The amotuit of
austenite- at’ this. témperature is the amomnt of
pearlite when the austenite is cooled to room
temperature:

0.5—002 5

.ﬁ. . ==y :_'On.
= os o0z~ g O

94, B Refer to the phase diagram for steel-carbon.

‘95, A Reduction in area can be. espressed as a

fraction:
L As— 4
RA Ao
T S .
True strain €, is ln— = In ==, Therefore,
1 1 :
€ ]n1 Y 111_0_‘_?_ 357

96. C Metal is a conductor; free electrons can eas-
ily move through it. A semiconductor -allows
some electrons to move through it, A supercon-
ductor lias no electrical resistance.

97. B The net moment is equal-to-the area undex the
shear diagram. Theréfore, area = 48 kN#m, the
net moment is-48 kKN-m. The area ‘of the trape-
zoid is equal to the area of the rectangle = 48.
KNm. '

98. C For a solid shaft, 7 = L6 3: Then
md
rd : N
= = 596.4'N-
T=— o= 5964 N:m

100.

10L.

102,

103.

104,

105, C

1906.:

. A Here, My,,.= 100 N-m. Then:
Mo € 100(0.03)
Tma =TT T 0.045(0.06)
| BT -04)(0.06
= 4,166 MPa
D Here, V.. = 300 N. For & circulat cross
séction, '

” _
r=dV_ ‘;3-00).. = 50.9kPa
34 -_3~4~(0. 1

C The critical toad is given by the equation

Bl B
Po=a = g T O0OITH

Note that L, = 2L = 2{2) =4 m.

‘B The normal stress. at. point A4 is given by the
equation
S P
R ]
_ {(400)0.02) _ 10,000

- 4. T o a2
4 (0.04) 1—(004)

= 55.7 MPa

A Foreach 3-cm-diameter bolt:

r=L= 30 g pampa
. A_j ‘____(0‘03)2

D The nommal stress in section 4B is-given by

thic-equation

_ 30,000

— = 5.968 MPa
;{0.03}2

[+2+4+32=39
2% = or

2% = 16 00100111,

25 =132

B Use values given for Problem 105, Then:

3I2+8+4+2+1=47
or
1011115
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167,

108.

109.

110.

112,

113.

A First time: I=2+4
=6
I=6% ot 36
Second tire: J=6+36=42
=42

_ 1=42% or 1764
Third time: J> 100

D
A B C D
1 23 24 25 26
2 7 49 49%23=1127
3 8 64 64*24=1536
4 9 81 81%25=2025
5 10 100, 100*26=2600
A Refer to the solution fi problem 108 and
look.at Column C.
€ A flowéhart consists of graphic .symbols to

'show how inforniation would flow through a

program: runining on a computer. Choices (A),
(B), and (D) indicate that written instructions

are involved. Instructions are expressed as sym-

bols, making choice (C) the correct answer.

€ Effective annual rate of interest
= (I -+ rate per month)” — 1
=(1+ 0252 -1
= 14.55 — 1 = 13.55

= 1,355%
A Use the following equation:
400 + 4,000 = 1.00x + 40,000
3x = 36,000
¥5= 12,000

Y

18k

X
x = 18,000(F/B, 12, 3)
= 18,000(1.4049) = $25,288

117.

118.

119.

120.

4B 01 2 3 3 15
YYY oY
800
F
F=800(F/A, 10, 15)
= 800(31. '}'?25)
= $25,41%
1s. C
‘Opening  Depreciation. : Balance at
Year  Balance.  Write-off %  Depreciation  End of Year
1 25,000 0:20. 5,000 - 20,800
2 20,000 032 640G . 13,600
3 13,600 0.192 2681 10,989
4 10980  O.tl5 1,264 9,125
116. B Choices: (A) and (C) are professmnal ‘80¢i-

eties representing PEs and specific engineering
disciplines. including- PEs, They do not have.
power to settle disputes of any nature. Ethies vi-
olations. are civil suits and could be setiled in’
court; however, the Board of Registration in
each state is empowered to handle ethics- viola-
tions. Choice (B) is the best response,

C Insolvency of the bond holder would not re-
lease a party. There is no mention of a time con-
straint; therefore, (A).and (B). are incorrect, Ice-
recurs based on temperature, not an Act-of God,
and should be a design consideration. Therefore,
(C) is the correct answer.

D Choices (B) and (C) are ‘unethical at this
point in time. Formal reSIgnatmn is required but
again not now. A discussion with her supervisor
is the first step in the process. Choice (D) is the
COrTect response,

D. The hierarchy of ethical ‘responsibility is
stated in the Code of Ethics. Choice (D) is the
CoITect response.

A Knowledge transfer does not include replicat-

ing a previous design. ‘A contact paid for the

original design and owmership resides with the

'pu'rc'haser. Tlie absence of a-nondisclosure state-

ment dogs not _m_ak'e_ the: as_sigpment_le'gitiinate,
Choices (B), (C), and (D) are nof acceptable.

‘Choice (A) is the correct response.
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Practice Examination

Afternoon Session

60 Questions

Directions: For each incomplete statement or question, select the answer that best completes the sen-
tence ot answers the question. Then fill in the corresponding space on the danswer sheet.

Questionis 1-3
A weight-attached to a spring moves. up and down, so
d’x

that the equation of mation is— 3 + 64v = 0, where x

is the displacement in feet of the weight from its equi-
librium position at any time ¢. Suppose that att=0

second the displacement is 3 inches [x(0) = %] and

the velogity is 1 foot per second @) =1].

1. The displacément x of the weight:at any time # is
givenby:
(A) x = —sin 8¢
(B) x =?} cos 8t + %.s’in 8¢

(C) x=2co88t
(D) x = cos 8t — sin'8¢

2, What. is the amplitude of motion?
s L
Ay —ft
@) -
(B) Lﬂﬁ
3

© La

3. The period of motion. is:
GN
(8) ~5sec

r
{B) 3 8¢

{0) g sec

p ar
(D) z-sec

Questions 4-6 _
A funétion £ is defined by a determinant as follows:

2% x

oy ="¢ 5

4. The x-intercept(s) of the graph- of this function is

{ate}:

A)l

(8) -3

(©) Dand2
(D) Zand -2

. What is the minimum value offtl;lis function?

(A) ~4
5 s
© 1
®) 0

. The area bounded by this curve and the x-axis is:

(A} 1 square unit
(B) 3 square units-

(©) igé-squ_are units

Dy éf_ square units:

Questions 7-2 _ )
Vectors A and B-are defined as follows:

A=20-2j-kB=i—k

7. The dot product of vectors A and B is:

@A) 12
B) 3
© —6
® 0
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8. What i the magnitude of the cross product of

‘vectors A.and B?
(A) 7
(B) (2
© !
(D) 3

9, The angle between vectors A and B is:

(A) 45°
(B) 38°
{C) 105°
(D) 97°

Questions 10-12
An drea in Quadrant I is bounded by ¥ = ', x = 2,
and the x-axis:

10, What is the area of this region?

11.

12.

'(A) 6 square-units
(B) 8 sguare uits
(C) 4square units
(D) 2 square units

The volume generated by revolving this- area
about the y-axis is:

(A) 8 cubic units

(B} 14 cubic units

) “@?"517“ cubic units:

Dy %?-T" cubic units

The first moment of this- area- with respect to the
X-axisis:
{A) 6
. b4
®B)
46
C)y —
() 35

13
(D) B3

13,

R -

k0
* Ri

-2 kQ

1
3
I

L Y

_ =

What is the power dissipated by Rj in the citcuit.
shownt in the diagram? '

(A) 342 mW

(B) 2.18mW

(C) 1.83 mW

(D) 5.76.mW

Questions 14 and 15 relate to the figure shown

below.
Ry 1Y
AAR 1N O
TR IO l ;
6930 L
v,

aLy

14,

15.

40

T

Determine the. Thévenin- equivalent circuit, Vyy;
and Zyy, for the load impedance, Z, , ifi the circuit.
(A) 5.51 232.2° V3,67 £—174°Q

(B) 2.79 £—42:4°V: 558 £2.63° ()

(C) 1.9 2 63.4°V: 4.12 £ —31.5° Q)

(D) 347 £~178°V;7.83 £89°Q

- (B

What is the.Joad-current, ;, if the load impedance
18 (5~ j7) Q7

(A) 0.223 £—9.87°A

(B) (1.24 + j0.8H A

(C) 0517 £~213°A

@) (3.13 + L8N A
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16.

S  o=C
: “T~ 05uF

3
et

For the circuit shown in the diagram, how long
will the capacitor take to charge to 2 volts after
the switch:is closed? The initial voltige across the
capacitot is O volt.

(A) 2.33mis

(B} 1.86 ms

(C) 0.318 ms

(D) 0.693 ms

Questions 17 and 18 relate. to the figure shown
‘below..

17

18.

RS 49
Vi=

+.
iy

- RAAR= X )

The total volt amiperes (VA) for the circuit are?:
(A) (153 + jI2)VA :

-(BY 18.6 £—16.4° VA

(C) 224 £ -26.6° VA
D) (19~ j43) VA

If the frequency of the source is 400 hertz; what
capacitor value must be connected in series with
R and L so that the circuit has unity power factor?
(A) 87.3 uF

(B). 26.6 uF

(©) 142 pF

(D) 199 uF

Questions. 19~21 relate to the figure shown below.

A

800 kg

19.

20.

21.

ELLATE L Ly

100 kg

The minimum coefficient of static friction be-
tween block A and the surface is most nearly:
(A) 0.3 :

B) 0.375

© 1

(D) 0.5

The resultant bearing reaction at O is most nearly:

(A) 2,943 N
(B) 424N
(C) 141N
(D) 4,162 N

"The tension in the cable conncgte_d' to block Ais-

most nedrly:
(A) 2,943 N
{B) 300N
{C) 100N
(D) 981N

Questions 22-24 relate to the figure shown below,

400 N

300N -
. ~m
A g 1 r B
P v .
- Hm " DN >
Im ' 2m

22. The reaction at poifit B is most neatly:
(A) 350N

(C} 1,040N

(B) 630N (D) 450N
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23, The miaximum moment: in the beam is most
nearly:
{A) 900 N°'m
By 1,029 N-m
(©) 1,507 N'm
(D) 2,058 N-m

24. The maximum shear load in the beam is: most
nearly:
(A) 620N
(B} 330N
(C) 680N
(D) 1L,640N

Questions 25-29

Steam enters an adiabatic¢ turbine at’l megapascal and
300°C and expands to atmospheric pressure. The fur-
bine efficiency is 80%.

25, What would the temperature of the water exiting
the turbine be if the turbine were ideal?
(A) 60°C
(B) 80°C
(C) 100°C
(D) 120°C

26. What would be the -approximate’ work output.of
an ideal turbine with the same inlet and exit von-
ditions of water?

(A} 375 kl/kg
(B) 461 ki/kg
(C) 789 kl/kg
(D) 2,632 kl/kg

27, What is the approximate actual work of this tur-
bine?
(A) 369 klkg
(B) 461 k)/kg
(Cy 576 kakg
®) 2,100 k¥/kg

28, What is the value of enthalpy at the exit of this
turbine?
(A) 419 kI/kg

! (C) 2,257 kl/kg
(B) 1,859K)/kg

(D) 2,682 kJ/kg

29. What is the exit ternperature of the water?
(A) 85°C (C) 135°C
(B) 103°C D) 183°C

Questions 30-32

A reagent bottle. contains 250 milliliters of a 26.3%-
by-mass NaCl .solution. ‘Its density is knéwn. to be
1.20 grams per illiliter,

K,(H,0) = 0.512°C-kg/mol
K (H;0) = 1.86°C-kg/niol

30. What is.the molal concentration of the solution?
(A) 0.539m
(B) 3.75m
{C) 610m
(D) 26.3m

31. What is the boiling point of this solution?
{A) 106.2°C '
(B} 102.6°C
(C) 101.9°C
(D) 98.5°C

32. What is the freezing point of this solution?
(A) —6.25°C

®) —10.0°C
(€) —200°C
D) —25.5°C

Questions 33-35
The following combustion reaction of propane, C3Hsg, .
is carried out in a closed vessel:

C3Hx(g) + 50:(g) — 4H0(1) + 3CO4(g)

33, How many grams. of CO; will be produced from
88.0 grams of propane and 360 grams of gxygen?
(A) 88.0¢g
(B) 132 ¢
(© 176 g
D) 264.¢

34, The limiting reagent is;
(A) propane
(B) oxygen
(C) water
(D) catbon dicixde

35. How many grams of oxygen will remain at the
end of the reaction?
(A) 20.0 g

®B) 40.0¢

(€) 60.0 g

(D) 80.0 g
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Questions 36-38

A mother is pulling her child, seated on a sled, at
a constant speed of 2.5 feet per second p-a snow-
coyered incliri¢ thatis 10° from the horizontal. The mass
of the. child plus the sléd is 50.0 pounds miass, and the
kinetic friction coefficient between the sled and.snow
surfaces is 0. 1. The mother pulls with a force that is'‘con-
‘stantly directed at 20° from the inclined surface.

36. The magnitude.of the mother’s pulling force is

necessarily:
(A) 8.9 Ibf (C) 17.8 Ibf
(B) 6.6:1bf (D) 14.01bf

37, The friction force acting on the sled is nearly
(A) 13.1Ibf (C) 53 1bf
{B) 4.5 Ibf (D) 6.6 1bf

38. The work done by the pulling force for a 120.0-
foot displacement of the sled along the incline is

approximately -
(A) 1,580 fi-lbf- (C) 660 ft-Ibf
(B) 0 (D) 1,680 fi-Ibf

Questions 39-41

A flying-trapeze acrobat jumips off a platform while
'holdlng ‘onto an inextensible rope havmg 4 length of
25.0 feet. As indicated in the-diagram below, the mass
of the acrobat is 130.0 pounds mass, and he sw_mgs
from the tope. 4f point 4 with-an initial tangential ve-
locity of 3.0 feet per secorid. The effects of rope fric-
‘tion ‘at :the. hinge' point and of wind resistance: are
considered negligible.

c. d.’
{Max. height) “~ .

130 tbm

39, The speed-of the acrobat at elevation datum point
B should be:
(A) 25.8 fifsec
(B) 61.3 fi/sec
{C) 8.7 ftfsec
(DY 19.6 ft/séc

40. What is-the angular velocity of the rope when the.
‘actobat’s normal acceleration 15 1.0 foot per sec-
ond squared? :
(A) 0.2 rad/sec
(B) 6.7 rad/sec
(C) 2.5 rad/scc
(D) 0.88 rad/sec

41. When the acrobat has swung ito the maximum
height:at -point C, the elevation of the free end of
the rope above the datum is:

(A} OB 1t
(B) 0.15 ft-
() 601t
D) l.6ft

Questions 42-45 relate to the.--ﬁgure_ shown below.

L= :
TOKN . dge= Al-‘::rnE
_ - ' T 50
& b g l l l l i ' J 20 cm
i .
[Qem
- ReE \2 2. —— a
1m dm H};'-‘:-?. om . Cross section

42, The average normal stress in bar BC is most
nearly:
(A) 10 MPa
(B) 28.8 MPa
(€) 27.56 MPa
(D} 120 MPa

43. The maximum bending stress.in the beam is most
nearly: '
(A) 180 MPa
(B) 30.MPa
(C) 90 MPa
(D) 15 MPa
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44. The avetage shear stress in the pin at B (double
shear) is most nearly:
(A) 55.6MPa
(B) 55.13 MPa.
(C) 87.8 MPa
(D) 25 MPa

45, ‘The maximum transverse shear stress in the beam
'i$ most nearly:
(A) 3.75 MPa
(B) 4.5 MPa
{C) 1.5 MPa
(D) 3 MPa.

Questions 46-49

‘Water flows from the tank shown in the diagram
through-a cast-iron pipe thatis 75 meters Jong and hag
a’'10-centimeter inside diameter, The jet of water leav-
ing the pipe is expected to turn a turbine. The turbine

operates most efficiently when the horizontal force
(F.) on the blade 15 at least 100 newtons. {The density
of water is [,000 kg/m®, and its viscosity is § % 107
N-s/m®. The roughness for cast-iron pipe is 0.25 mm.)

46. What should the velocity of the water leaving the
pipe be i order fo produce a horizontal force of
100 newtons?
{A) 6.59 m/s
(B) 8.00 m/s
(C) 8.50 m/s
(D) 544 m/s

47, Whatis the Reynolds number of the water at this
velocity?-
{A)- 1,00 % 107¢
(B) 6.80.x 1072
(€) 5.30 X 107
(D) 1.06 % 1077

« =45°

48. What is the friction factor foi this water vélocity
and this pipe?-
@A) 0.25
(B) 0.026
{C) 0.05
(D) 0.018

49, What'is the head loss in the pipe due to friction?
(A) 43.16'm
(B) 4.05m
(€) 3436 m
(D) 12.37m
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50.

51

52,

53.

-54,

55.

56.

The crystal struchire of iron at room temperature
is:

(A} FCC

(B) BCC

(C) HCP

(@) BCT

When carbon is dissolved in iron to a concentra-
tion of 0.5 weight percent carbon and the alloy is
heated t6 900°C, what phase is present?

(A) ferrite

{B) austcnite

(C) pearlite

(D) martensite

What is (are) prisent in the alloy described in
Problem 51 after it cools slowly to 720°C from
900°C?

(A) ferrite

(B} ferrite and pearlite

(C) austenite.

{D) martensite

The diffusion coefficient of carbon in iron at
720°C is:

{A) 4.4% 107" em¥s

®B) 2.4 %1077 em?s
(C) 2.7.X 107 em™s
(D) 8.5 ¥ 107" cm®s

What is fhie most comiinon humber of bits. per

byte?
A) 2
(B) 4
(8 3:9
M) 16

What is 17 in straighit binary code?

(A) 10000
(B) 10001

() 1111
(D) 1001

How: many times will the second line of the: fol-

lowing program be executed?

D =38

LOOPSTART D=D-I
F = INTEGER PART OF (D/2)
IFF> 12, THEN GO TO

LOOPSTART, OTHERWISE
_ GO TO END

END PRINT “DONE”

(A) 14

®) 13

{C) 9

D) 17

57,

58.

59.

An unlicensed engineer interviéws for a position
ag Director of Plant Operations at a university. On.

his resume, he states that he is-a member of the

National Society of Professiondl Engineers
(NSPE) and includes his membership number. He
is, in fact, an associate member of NSPE. Does
his claim that he is .a member violate the

.'Englneers code of ethics?

(A}_ Yes. It implies thathe is a liic_cnsed'eng_ineer.-
(B) No. He was implying membership, tiot licen-
sure. :

(C) Yes. A member number could be construed

as'a PE registration numiber.
(D) No. He was indicating professmnal society
-involvement.

A forensic engineer accepts a rétainer from an-at-
torney for a plaintiff and receives seected docu-
mentation from the aftorney. :Subscquentiy the
engineer bills for work-that includes ‘a review of:.
the case docuineritation. Still later, becanse of 2
disagreement with the attorney, she: ceases o per-
form the work without delivering a repott to the
attorney or réceiving any :additional payment for

her services, Thereafter, the engineer returns the

full retainer fee to the atfornsy and all of the file-

documentation. provided earfier. Several months:

later, the engineer is approached by the defense

attorneys in the same case and accepts an-assign-

ment to function as an expert for the defense-in

the same legal dispute. Was it ethical for the enigi-

neer to accept the assignmerit?

(A} No. She drew.no conclusions during the. first
review of the material.

(B) Yes. She returned alt moneys paid to her.

(C) No. She did not-have the consent of all con-

cerned parties:

(D) Yes. Several months passed before she was
approached by the defense:attorneys.

Superior Air Flights is considéring the purchase
of'a helicopter to coninect service between its base,
airport and a new field being built about 25 miles
away. The choppers are assumed to be needed for
only. 6 years until a fapid transit service is com-
pleted. Estimates for the two craft under consider-
ation are as follows:

Whirl 2B ROTS
First cost $95,000 $120,000.
Annual maintenance $3,000 $9,000
‘Salvage value $12,000 $25,000
Life'in years: 3 6
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‘What is the annual cost advantage of selecting
ROTS?

{A) $0

(B) 3700

(C} $2,100

(D) 34216

1t costs ‘Superior Air Flights $1,200 to.tun-a par-
ticular flight, empty or full. ‘Additionally, each

passenger gencrates costs of $40. Regular tickets

sell for $90. A plane holds 65 people, but each

ﬂi_ght carries only about 35 passengers. The

Marketing Manager proposes to sell special tick-

‘gt for $50 to people not normally flying this

route. He thinks he can sell 15 additional seats for
each Zﬂ'ight without cutting into the regular busi-
ness. If-he is cotrect, how much will the total
profit-on this flight be?

(A) 5200

(B) $500

(C) $700

(D) $1,000
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Diagnostic Chart

Afternoon Session Practice Exam

Mathernatics

(1-12) 12
Electri¢ Circuits

(15-18) 6

Statics’

(19-24) -0

Thermodynamics

(25-29) 5
Chemistry:

(30-35) 6

Dyinamics

(36-41) 6

Mechanies of Materials

(42~-45) 4
Fluid Mechanics

{4649y 4
Materials Science

(50-53) 4

Computers

(54-56) 3

‘Ethics

(57-58) 2

Economics

{(39-60) 2

Total 60
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1.

4‘

6.

Afternoon Session

Answers Explained

B The solutions of the auxiliary equation
m® + 64 = 0 are +8i. Hence:

= ¢, ¢0s-8f + ¢, sin 8¢ and
¥’ = —8e¢, sin 87 + 8¢, cos 8t

The initial condition x(O) = i,
and the initial condition x'(0) =1 implies. ¢,

1 implies ¢ =+
g TPIes &1

=-%_. Thus, the displacement of the weight at any

time ¢ is given by

x= %{ cos 8f + % sin. 8f
P The amplitude of motion is Vie? + o>

= V5
8

2ar

. D. The period of motion is —23 =27 = % gecs.
@«

8 4

C The function /' may be rewritten as flx} =
4¥* ~ 8x. The x-intercepts of the graph of f are
the real solutions of the quadratic equation Bt —
&x = 0. Hence, the x-intercepts are 0 and 2.

. A Forfix) = 4~ B

and

fl)=8—8 £ =8

Solving yields f'(x)-= 0, which implies ¥ = 1.
Since f(1) = 8 > 0, there is a minimum at x-= 1,
and this minimum value is f(1) = —4.

C Area= fto - (47 — 8x)] dx

4x3

= "5" square l]IL‘ltS

7. B AB = (2)(1) + (=2)(0) + (—D)(~1)=3:

10:

“11.

12.

13.

.DAXB=

. A Angle 0=

i K]
2 -2 —1|=i
10—t
2 ~1 .12 =2

+
N B

22 + (.__ 1)2 _}.:22 =3

(IAHBl)

C Area“J’ )4:3dac—-i

-2 -1
1 1

+.j|

Hence, |A X B} =

|.= 2 - j+ 2k.

T
= 45°,
V2

2
= 4 gquare units.

4]

C Take the volume of the outer cylinder, and
subtract from it the voluine of the hollowed-cut
region: :

Volume = m(2(8) — o j ’ (\3/_)?' dy

= -6-4— cubic units..
D N 5

37 sl8

5

= 3247 —

g -
B M= [Hyo-V5)a

/8. . -3 8 64
= J @y =Yy =y P =
o : 7 0 7

C Apply Kirchhoff’s. voltage law to both foops:

Loop 4 includes ¥, V5, R, and R,.
Loop Bincludes ¥, ¥, Ry, and Rs.

‘Choose a clockwise direction for loop currents.

Then;
Loop A: 55— 21z = _10:;V +6V
Loop B: 2, + 10z = ~6V + 4V
Solve for Iz '
5 16_\
Iy = *i :% = “51{? f:z = 0478 mA
-2 _1-0_1 |
Apply-eq.4.9:

P=1} X Ry = (0478 mAY X 8k = 1.83 mW
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14,

15.

16.

17.

Practice Examination

B. The Thévenin equivalent voltage is determined
by using:the voltage division kaw:
Zs

Vrin = mx Ve
= (6.93 4 Q
(7.07 + j7.07) O + (6.93 — 4) 2

K E5L0°V = 2.79L—42.4°V

The Thévenin equivalent impedance is deter-

‘mined as follows:

7 _LXZ
(707 + j7.07) © X (693 — /) Q.
= (5.57 + j0.256) {} = 5.58/.2.63° {)

‘A Use the Thévenin -equivalent values to obtain

the load current:

. I{ P .VTii

T Zmt Zy
- 2.79242.4°V _
(5,57 +.70.256)Q + (5 — N
=10.2232~9.87°A

D The maximum or final voltage the capacitor
could charge:to is

I KA+ 3k0

The resistance “seen” by the capacitor is’

- 3kl X 6 kO

3k + 6kO

X 12V =4V

R =2k0

The time constant for this cireuit is 7= 2 k() X
0.5 pF = 1.0 ms,

Apply-eq. 4.33:
2V=4Y( — ™)

‘Substitute:for Tand solve for #:

t = 0.693 ms.

C Solve for the load current:
_ 10£45°V
LT+ 2)0
The phase angle from voltage to- current is 26.6°
(45° — 18.4°),
Apply egs. 4.45 aind 4.46:

P=10V'X 224V X cos(26.6°) = 20 W
0 =10V X 224 A X sin(26.6°) = 10 VAR

= 2.24718.4° A

For an inductive circuit the power factor is lag-

- ging, so applying-eq: 4.47:

18,

19,

20.
21.

22.

23,

B ZM,=0
.B=680N

§ = (20~ jIO) VA = 224/ -26.6° VA

DX, =Xe= —lc“ =20}

Solve for C:
— 1 — 1
¢= 2 DRTH400 Hz) 199 u¥

B Use the FBD of the pulley, and take the mo-
ment about its center:

T(10) = 981(30) T=2943N
Use the FBD of the block.
Then:
2F, =0 F=T=2943N

SF;=0  N=800(9.81) = 7,848 N
F 2,943

TN 7848

= =0375

il

D 0="V(2,943) + (2,943)" .= 4,162 N
A Refer to the solution to Problem 19: 7= 2,943 N.

B(10) ~ 400(8). — 900(4) = 0

D Draw thé shear and bending-moment. dia--

£rams. The maxim_mn.'mome_l_lt will occur -about
:4.98 m to the left of point 4, where shear is equal

1o 0.

The equation fof the shear in the section where
the distributed load is acting is

V= —25x" + 620x

-and the equation for the bending moment. in the

same section is

"js_f + 620

M=

Then:
M_;nm_c- = 2,058 N-m
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24.

25,

26.

" The maximum shear Ioad can bé determined

from the shear diagram drawn for Problem 23..
‘But by mspectlon the maximum shear load. is

equal to the reaction at B, which i is 680 N. Then:
Vi = 680N

C From the superheated steam tables at-the end-

of Chapter 12, the value of entropy at the entrance
state. of the turbine is 7.1229 kJ/kg-K. Since nor-

mal atmospheric. pressure is 101.35 kPa, the table

for superheated steam at 100 kPa will provide
values very close to those expected at atmos-

pheric pressure. Since the value of entropy for

saturated vapor at this pressure is greatér than tlie
valie at.the turbine inlet, soine condeiisation will
occur. Therefore, the temperature of the. exiting
stream of water will be equal to the saturation
temperature of water at atmospheric:pressure, or
100°C.

B Tusbine work is determined using eq. 12.77:

w=(h; — )

The valge of énthalpy in the inlet is taken from
the superheated steam table:

W=, —h) o

By = 3051.2 klkg

To find the value of enthalpy in the outlet stream
of an ideal turbine, the quality of the exit stream
for the ideal turbine must be determined. Use eq.
12.664d:

— .-(Sm'ix_. - Sf)

Find the values of s, and s, using the saturated
water table:

Six. =

s+ x{s_g — 8 or

sp= L3069KIkg'K, 5= 7.3549 Kl/kg'K

In this case, the value of s, is equal to the value
.of entropy in the inlet stream of the turbine:

Sy = 71229 K/kg K
‘Substitute known values:
_ Smix 7 Sy
=y
ki
7.1229 —simae'— —_—
) ( o 13069 K)
kI kI A
7.3549 —— — 1306 e
( e K o K)
= (.962.

27.

28..

Afternoon Session

Using this value for quality, déterﬂline-th_fh valie:
of enthalpy for the exit stream of the ideal turbine
by applying eq. 12.66¢, where k. = Ay

by = hy+ x(hg — B)

Find the values. of A/ and kg usmg the saturated
water table: ;

hy=419.04kIkg, k.= 2,6?6,-1'k1fk8
Then: |
kJ

b, = 419.04 L 4 r’;.%z(2,;5.1'6.;1»—ki _ 419.0‘4&)
kg © kg T kg

= 2590.3 ki/kg

The work produced . an 1deal turbme uhder
these conditions is:.

=y — ha) ;
= 222 — 55903
= 460.9kl/kg ' '

A Turbine efficiency as gweﬁ is defined as the
amount of woik a turbine produces, divided by

‘the amount of work produced in an ideal turbine
‘operating at the same conditions:

o _Wreal.

Thuid =
© Wideal

Then:

Wreat = ( Fr|“1I.I.rl'.')(l""u:lt:al)
- a1 EY
: (0.80_)(461. k_g__)
—368.8klke

D Determine the value of enthalpy for the: e)ut

_ state of the real turbme as. follows

w= (k= ke)

}z =h—
kJ kI
= 3,051.2— ~ 368.8—
ke - kg

=2,682.4 kl/kg
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29,
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B Use the 100 kPa (0.10 MPa) section of the sat-
urated steam table and the value of enthalpy de-
termined for Problem 28 to find the: outlet
‘temperature of the turbine.

Saturated steam table 100 2,676.2
at 100 kPa

Exit state of real turbine. 4, 7,682.4

Saturated steam table- 150 2,776.4
at' 100 kPa

30,

3.

3z

33,

Use linear interpolation to generate a more accu-
rate estimate:of £,
£, - 100 _ 2,682.4 — 2,676.2
50100 2,776.4 — 2,676.2
2,682.4 — 2.676.2
2,776.4 — 2,676.2

t, = (150 — 100)(
= 103,1°C

) + 100

C Use the factor-label method: Remeniber to
distihg‘uish- among solute, solvent, and solution.
(26.3 g NaCl) (100 gsel'n)
(100 Foln) (73.7 g H:0)
(1,0 mol NaCl) (1,000_g- 356,
(58.5gNaCl) (1:0kg H,O)

= 6.10m

A Use eq. 1.10, and substitute the molality: calcu-
lated for Problem 30. The van’t Hoff factor 7 = 2
for NaCl (a- strong electrolyte), and Ky (H,0) is
giver in the introductory data. for Problemis
30-32,

C Use'eq. 1.11, and substitute the known molal-
ity and 7 values. K,(Hzo) is given in the introduc-
tory data for Problems 30-32.

D Since amounts of both reactants are given, the

limiting reagent must be determined. First:

88.0gCsHy = 2.0 mol C;Hy  and _
360 g Oy =11.25 mol O,

‘The ratio of propane-to oxygen is 1 mol to 5 mol
in the balanced reaction. Since 2 mol C;Hg arc
actually present, 10 mol O, are required to com-
pletely react with the propane, However, 11.25

34.

3s.

36.

mol O,:are actually present.and available for re-
action. Hence, O, is present.in excess while C3Hy
is in short supply and hence is the limiting
reagent.

Use the-factor-label method, and start with the
limiting reageént; since it defermines the maxi-
mum product yield:

(B molTOy) (4.0 CO,)
2.0mol G4 (1.0 mol CxHy) (1.0 mol TOs)
=264 g COg

A The limiting reagent was evaluated in Problem
33 as C3Hg (propane).

B. Find the amount of O, that will rémain after

-the teaction as follows:

11.25 mol (initially present)

—-10.0 mol (used-up)
= 1.25 mol (left over)

‘Convert nigles irito grams: 1.25 mol O, is 40.0.g0,.

D Use the inclined and normal coordinate. sys-
teiri. Consider child Plus. sled as a combined free
body. Draw the FBD of the child/sled system, and
identify external forces normal reaction Na,
weight W, pulling. force F,, and kinetic friction
Frg.

Solve F,, using Newton’s second law {let the posi-
tive inclined. direction be alorig the 10° upward
slope).

B = mey Since the speed along the incline
‘is constant, @; = 0-and 3.5 =
Also, F), cos 20° — Feg — W; =0
0. 94F — 01Ny — Wsin-10° =
Then::
0.94F, — 0:1Ng — (50.0 Ibf)(0.174) =10 (eq.Ty
3F, =10
F,sin 20° + N — (50.01bf) cos 10° =0
Then;

0.342F, + Ny = 49.24 Ibf =0 {eq. Iy

Solve egs. I'and II simulataneously for Ny

0.94F, — 8.68 = 9.4F, — 86.8

N = 0.1

@seismicisolation


https://t.me/seismicisolation

Afternoon Session

395

37,

38.

39

40,

Substitute into II:
0342F, + (94F, - 86.8) — 4924 =0

136.04- - -y
F,=—=——=1396Ibf =~ 14.01bf
»= o 13.96 14.01b
B The kingtic friction force acting on the sled is
0.1N3. Use the value of F5, obtained for Problem

36 NR-94(1401b)—868-4481bf

Frg = 0.1(44.8). = 4.48 [bf

A Work done by pulling force F, for a 120.0-ft-

displacement:

Wiz = (Fp)(ADy = (14.0 1b)cos20°(120.0 &)

= 1,578.7 ft-Ibf = 1,580 fi-Ibf’

D Employ the conservation of efiergy equation

between points 4 and B. Since the elevation da-

tum'is at B, potential energy at Bis 0. The equa-
tion is:

Solve KEp, and then obtain velocity VB :

—(130 0 1bm)(3.0 fifsec)® + mgh, = ~m Vi +0

hy = 25.0 ft — (25.0ft)cos 40° = 5 85 ft
Substitute and solve:
585.0 1bm f*/sec? + (130.0 bm)(32.2 ft/sec?)

% (5:85 f) = 65.0 Ibm ¥
Vs = 9.0-f%/sec? + 376.7 fi¥/sec’
Vi ="V3857 = 19.6 fi/sec

A Angular velocity is . Use the tangential and

notmal coordinate ‘system. Tangential -speed
V= Rew. )
. _VZ.
Normal acceleration = ap = 53
= 1.0 fiysec? (given).

Then:
V=VR)ay) = V(25.0:8)(1.0 ft/sec”)
= 5.0 ft/sec
and
_V _50ftsec _ son ai
=R 250 ft 0.20 rad/sec

41. € At-maximum height, point C, let V¢'= 0 and
KE= 0, Use the conservation of energy ‘equa-
tion from point B to v _

KEj + PEg= KE¢ + PEc

Smce elevation A is desn‘ed, solve PE. and use
PE¢= mgh.

-‘2-'(_130.0 lom)(19:6 filsec)? + 0 =0 + (130.0 Ibm)(32.2 Rlseche

24,970.4 lbm-ft*/sec® _
4,1860 lom-fi/sec”
he =596 ft= 604t

42.C M, =0
Fpe sin 60(2) — 10(1) — 10(5) =
Fpo = 3464 kKN
Then:
Tap = iBC_ = 34’@0—'2 = 27.56 MPa

43, A The maximum moment océurs_'at theright end
of the beam and is equal to

Mipax = 120 KN'm

Therefore: :
Tinax = M, IXC 120 000'(01 ="180 MPa
(o 1)(0: 2)3
34,640
44, B T:.i—-—-—z-— =55:13 MPa
4 (0 02)
45: A Vpox = 50,000 kN
Thisn:
Lo 3V 300, 000) _

= 3.75
24 201)02) Mpa

46. A The force on a fixed ‘blade is given by the
equation.

IR, | =m([V,] = |Valcos )
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‘Because friction along the face. of the blade can
be neglected, JV[ | = |V_2.| , and

|F. ] =m| v, {1 = cos &)

"ol
s
and
|| = p(ﬁfi) [V 201 = cos &)
Then:

- TS

= 6,59 m/s

47. € Find the Reynolds number as follows:

Re = £VD
fil
. ked/ . _.m
0008 6.59% Y0,
(1000(—11%)(5 95)(_010111),( )
= = o
g x 107+ L £
m 8

= 0.000053 o1 5.30:% 10~

48. B The friction factor is determined using the
Moody diagram at the end of Chapter 7. The pa-
rameters required are the Reynolds numbeér and
the relative roughness. The. Reynolds numbet was
determined for Problem 47. The relative rough-
nessis found as follows;

e _ 025 mm

D 10cem

_ 0.00025 m
T 0.10m
= 0.0025

From the Moody diagram, the friction factor s
found to be 0.026.

49. A The head loss inthe pipe due- to friction is
found as follows:

~HE

0.10 m/\ 2{9.8155] |
. 87 F 7

=43 T6m
50. B Refer to the fron-carbon phase diagram.

—om%

-51. B Refer to the iron-catbon phase diagram.

52. B Refer to-the iton-carbon phase diagrat.

53. B At 720°C, iron is body centeted. cublc
According to Table 8.3, Dp is 3.9 X 1077 m%¥s
antd {2 is 80 kl/mol. Therefore:

D = Dy~ = 3.9 % 107 e @
=24 X 107" m¥s = 2.4 % 107 crnzfs:

54, C The most common humber of bits per byte is 8.

55.B2° 1
2!
22 or 16001
'23
* 16

17

56. B 1st,2nd F=18
3rd, 4th F=17
5th, 6th F=16
7th, 8th F=15
9th, 10th F=14
11th, 12th F=13
13th F=12

§7. A Choices (B) and (D) are the least teasonable

responses. A registered engiiiieer ‘would state
membership and a tumber, making (C) a possible.
selection, However; (4) is the best choice because
the implication is that the applicant is registered,
which is unethical.
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Afternoon -S;ession 397

58. C Not. wrifing wriften conclusions, returning Then:

moneys paid, and passing time do not-make it etti- e . Al -
ical to accept-the ofher assignment. T all parties -Diffetence in annual-cost = 37,566 — §33,350

had agréed and thus they are informed, the engi- B '$4;’2’16'
neer could have accepted the assignment. Choices :
(A), (B), and (D)-are not acceptable. 60. C Use this equation:
_ _ o Profit = revenues — costs _
59. D AC(2B) = 95K + 3K — 12K(A/F, 10, 3) = [(35-890) + (15:850)] ~ [(35+15)-$40] — $1,200
= 95K + 3K ~ 12K(0.3021) = [($3,150) + ($750)] — [(50)($40)] —$1,200

= $37,566. = $700
and

AC(ROT)=120K + 9K — 25K(A/E,10,6)
=120K + 9K —25K(0.1296)
=$33,350
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