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Preface and Acknowledgments

'This Civil FEngineering Saemple Eremination rellecls
the change to a “breadth and depth” {B&D) formalt by
the National Council of Examiners tor Engincering aned
Surveying (NCEES). NCEES developed this new B&D
[ormat i ordey to reduce variations in the passing per-
centage from oxam administration to exam adminisira-
tion, as well ag to speed up, simplify, and economnize
the grading and reporting processes. Another benefit,
to hoth NCEES and the stale boards, is the reduction
or elimination of costly, tine-consuming appeals.

The B&D format ushered in several changes to the
PT. exam that have been painful for exarninees. The
first chanee was that all problenis on 1he exam hecame
minltiple choice. Long gone are the free-response essays
in which you could get partial credit based on a cor-
rect method. This is a blessing in some problems, since
all of the sunplifving assumptions and required data
must be provided. However, recent adminisirations of
the B&D examn have demonsirated that some multiple-
choice problems are more dithicult and time consuming
than the corresponding froe-response problems,

The second chanpe incorporated into the new format
s the "no-cholee™ aspect. The morning breadih ses-
s10n consists of a wide-ranging collection of 40 problems,
with no selection possible. To receive full credit [or the
morning, some expertise in all of the subject categories
(structural and nonstroetural) is required. This makes
the examn more difficnlt than when examinees could pick
4 problemns ont of 10, as the abandoned format allowed.

Finally, the B&D format allows vou to seleet {(with-
ont regard Lo vour actual area of expertise) one of sev-
eral specialty categories in the afternoon depth session:
structures, transportation, water resources. environ-
mental, and geotechnical. Although there is some over-
lap of problems among these categories, you will be able
to work mostly in an area of cxpertise. The benelit
of the privilege, however, is partially offsct by the fact
thatl the afternoon session is alse no choice, with no se-
lection of problems possible after you have chosen your
spocialty,

We do a drill in competitive soceer training that is ba-
sically an endless series of sprints and rests. The play-
crs call this drill, “choke and puke.” Tongue-in-cheek,
1 have given this sample exam the same name. Yon

are now reading the choke-and-puke edition of the Civif
Fngineering Sample Fzam.

This 18 not the frst sample exam I have written for
civll engineers, bt this book 1s so significantly npdated
from my carlier sample exams that it has received a new
titie, and 1t 15 starting out as edition 1. This publication
mimics the actual civil engincering PE licensing exam
as closely in [ormat, depth, and varicty of guestions as
any exam ever published by 'rofessional Publications.
Therein is the difficulty. This is a very difficult sample
exalin. [t will make vou want to choke and puke. 50
belore vou gel discouraged frowm eight hours of working
this sample exam, 1 wanted to clarify some ilems:

o Although yon only get six minutes per problem on
the real exam, vou'll need more than six minutes
for nany of those problems. The same is true with
this sample exam. Some of the probloms in this
samnple cxam are, to e honest, 15- to 20-minute
prablemns.

¢ However, there are also a number of 30-gsecond,
nonguantitative gquestions, They are difheult, but
if vou know the subject material, they’ll only lake
yvou the time needed to read through them. If vou
don't know the subject, well....chcke and puke...
vour'll be furiously leafing through some of the ret-
erences you have brought with you.

o The breadth of actual exam topics 13 inthinddating,
The knowledge vou'll need to complete this saanmple
exam will take vou far afield from what is in any
single book in your librarv. Even the tabled Chinif
Engineering Reference Manual isu't going to make
up for a lack of experience in the afternoon portion
of the exam. Noething camn.

e Luckily, vou don’t need to score 100%. 90%, or
probably even 80% on the exam to pass. Take so-
lace in knowing that vou can get @ bunch of the
questions wrong. Nobody outside of exam admim-
istration is supposed to know what the required
raw passing score is {it's probably lower than you
would think}, but it’s just good to know that the
SCOTC 15 attainable by normal gecky people—you
don't need to be an idiot savant.

Fngineering economics 15 a subject that contmues to
appear, here and there, once in a while. Although the
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Vi CI1VIL PE SAMPLE EXAMINATION

subject has been eliminated from almost all of NCEES'
PE exam outlines, NCEES allows that “some problems
will contain aspects of engineering cconomics.” So, al-
though the days are gone when an examinee had to ex-
hibit the knowledge of a {ax accountant, it is still open
scason for such problems.

In writing this edition, [ made several style and format-
ting decisions with which yvou might not agree. T used
the same variable symbols as in the Civil Engineering
Reference Manual, which was modeled after the original
source doenments (codes and standards).

Another decision involves the munber of significant dig-
its used in the solutions. The rules for significant digits
are well kmown: answers cannot be any more precisc
than the most imprecise parameter. Field practice of-
ten uses even fewer significant digits than would be jus-
tified by the given data. in recognition of the many un-
knowns and assumptions incerporated into the solution.
But exam review is not field work. For this publication,
I assumed vou would be using a caleulator and would
want to compare this book's solutions with the digits
appearing in your calculator. [ also assumed that you
would retain intermediate answers in yvour calculator’s
memory, rather than enter new numbers Lthat you al-
ready rounded. Because of these assumptions. most of
the results are printed with more significant digits than
can be justified. This is intentional: vou’ll be able to
see if voure doing it the right wav.

Another decision had to de with the units used in the
solutions. ] used common field units wherever possible,
but not everywhere. As much as possible. T have tried
to be consistent within this publication. Therefore, |
have not used “kips” in onec place and “k” in another
to mean the same thing: “1000 pounds.” Still, one
guestion might be solved using “ksi,” while another is
solved with “psi,” [t all depends on the context.

In keeping with a personal preterence, 1 was strict in
differentiating between weight and mass. Thus, the
units “Ibf” and “Ibm" are differentiated throughont. al-
though “Ib™ is good encugh for most civil engincering
work. Similarly, T differentiated mass density {g} from
specific weight (v), even though the good-cld “pef” is
comfortably indistinet in its meuning,

When writing and solving the numcerous metric ques-
tions in this book, I nsed oniy standard ST units. For
cxample, vou won't find any “kilogram-force™ units in
this boek, even though they might still be in use in
other countries, The SI system uses the kilogram as a
unit of mass, never as weight or force.

All of the problems in this sample examination are in-
dependent. NCEES makes an attempt to “decouple”
problems frum previous resulis. For example, if ques-
tion 1 asks, “What is the coefficicnt of active earth

pressure. . then yuestion 2 will often be phrascd. ~As-
sumiing the coefficient of active earth pressure is 0.30.
what is the active force on the wall?” In this manner.
vou still have a chance on question 2 even if you get
question 1 wrong. Thar's goad.

And bad. Io some problem sets. this decoupling results
in you having to repeat previous steps with Lthe new set
of given data for each subsequent problem. Although
gome examinees have complained about the additional
workload and not being able 1o use the interim results
in their calculator stack. mapy others are quile cown-
fortable with this.

Finally, just as the Cicil Engincering Reference Man-
ual excceds the scope of the actual licensing exam, Lhis
sample cxam does so as well. It's abont 109% more diffi-
cult ihan the actual exam. It's =rill representative and
realistic, just a tiny bit more difficult.

This is a sample exam. You should use it for practice,
not for prediction. You should not use this examination
to predict the topies on the actual exam, or (heaven
torbid) to predict your onm performance on the actual
exam. Bvery oxam is different. Evervone is different. Ev-
cryone has different strengths and weaknesses. Evervone
has a dillerent knowledge base and a different working
speed. The passing rate for the PE exam has never been
comsistent. So, with each examinee being different and
with each ’E exam being different, it is unlikely that
I would ever be able o perfectly match the complexity
and level of difficulty vou cxperience. auvway.

1 dow’t think one engineer in a hundred is going to be
concerned with my editorial decisions. However, 1 made
them, and T wanted you to know aboul them so that vou
don’'t cormnplain when vou see the real exam is different.

some of the questions in this publication are heritape
questions dating back to carlier editions. However, most
of Lthe questions are brand new. None of the problems
in this publication is an actnal exam problem. The
new problems in this edition have come ont of my head
and the heads of colleagues. based on the examination
specibications published by NCEES.

I owe a huge debl to a mumber of people who kept
this publication on track with the current escam and
modern practice. James R. Sheetz. PE. DEE was re-
sponsible for the conlent of all environmental and water
resources problems. Edmund Medley. PhD, PE. CEG
co-authored the majority of the geolechnical material
along with Pablo F. Sang, PE, taking over from Robert
H. Kim. MSCE, PE, who got the geotech ball rolling.
C. Dale Buckner, PhD). PE continues to be Professional
Publications’ “go-to™ person for dependable structural
content. The amount of new siruciural problems he
provided is substantial. Maher M. Murad, PhD au-
thored Lhe transportation problems.
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PREFACE AND ACKNOWLEDGMENTS Vii

All of our contributions were examined by technical re-
viewers before Professional Publications drew a single
line or typeset a single word. David G. Smith, PE,
PLS reviewed the transportation material; Thomas W.
Schreffler, QEP, PE technically reviewed the environ-
mental and water resources material; Thomas H. Miller,
PhD. PE covered us for structural; and Edmund Med-
lev, PhD, PE, CEG and Pablo F. Sanz, PE technically
reviewed some of the early geotechnical material before
bocoming coauthors.

The staff that converted the techmically reviewed, but
raw, manuscript into a publishable work i1s the best
trained and most proficient that Professional Publica-
tions has ever had. Managed by Sarah Hubbard, Edito-
rial Director, and Cathy Schrott, Production Director,
the following top-drawer individuals have my thanks for
bringing this book to life: Sean Sullivan, Project Editor;
Amy Schwertman, Hlustrator; Miriam Hanes, Typeset-
ter, and Kate Haves, Typesetier.

As in all of my publications, I invite vour comments.
If vou disagree with a solution, or if you think there is
a better way to do something, please let me know (at
www.ppi2pass.com ferratasubmit} so that I can share
your comments with evervone else,

Michael K. Lindeburg, PE
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Codes, Handbooks, and References

PPP’] lisls on its website the dates of the codes, stan-
dards, regulations, and references on which NCEES has
based the current exams. This Civil Engineering Sam-
ple Eram is also basced on this information, but it is
a moving target. As with engineering practice itself,
where adoptions by state and local agencies often lag
issuance by several years, the NCEES exams are not
necessarily based on the most current codes. The exam
can be years behind the most recently adopted codes,
and many vears behind the latest codes being published
and distributed. In some cases, it may even be impossi-
ble to find copics of the documents on which the exam
is hased if they have gone out of print. When this book
wus wriiten, Lhe following codes and references were
nsed.

Codes

AASHTO: Design of Pavement Structures, 1993, Amer-
ican Associaticn of State Highway and Transportation
Officials, Washington. DC

AASHTO: Roadside Design Guide, 2002, American As-
sociation of State Highway and Transportation Officials,
Washington, DC

AASHTO: Standard Specifications for Highway Bridges,
Seventeenth ed,, 2002, Amcrican Association of Sfate
Highway and Transportation Officials, Washington, DC

AASHT(O Green Book: Policy on Geometric Design of
Highways and Streets, Fonrth ed., English units ver-
sion, 2001. American Association of Slate Highway and
Transportation Officials, Washington, DC

ACI 318: Building Code Reguirements for Structural
Concrete, 2002, American Concrete Institute, Farming-
ton Hills. MI

ACI 530/ASCE 5/TMS 402: Building Code Reguire-
ments for Masonry Structures. Ninth ed., 2002,
published jointly by American Conerete Institute, Amer-
wan Society of Civil Engmeers, and The Masonry
Society

ACI 530.1JASCE 6/TMS 602: Specifications for Ma-
sonry Structures, 2002. pnblished jointly by American
Concrete [ustitute, American Socicty of Civil Engineers,
and The Masonry Society

Al: The Asphalt Handbook, Manuval MS-4, 1989, Ay
phalt [nstitute, College Park, MD

AISC/ASD: Manual of Steel Construction. Allowable
Stress Design, Ninth ed. {without supplements), 1989,

American Institute of Steel Construction, Inc., Chicago,
[L

AISC/LRFD: Manual of Steel Construction, Load and
Resistance Factor Design, Third ed., 2001, American
Institute of Steel Construction, Ine¢., Chicago. IL

ASCE: Minimum Design Loads for Buildings and Other
Structures. 2002, American Society of Civil Engineers.
New York, NY

HCM 2000: Highway Capacity Manual 2000, 2000,
Transportation Research Board/National Research
Council. Washington, DC

IBC: International Duilding Code, (without supple-
ments), 2003, International Code Council, Falls Church,
VA

ITE: Traffic Engineering Handbook, Fifth ed., 1999, In-
stitute of Transportation Engineers, Washington, DC

MUTCD: Manual of Uniform Traffic Control Deuvices
for Streets and Highways, 2001, U.S. Department of
Transportation, Federal Highway Administration,
Washington, DC

NDS: National Design Specification for Wood Construc-
tion, {ASD edition with ASD supplement), 2001, Amer-
ican Forest and Paper Association, Washington, DC

PCA: Design and Control of Concrete Miztures, Four-
teenth ed.. 2002, Portland Cement Asscciation, Skokie,
IL

PCIL: PCI Design Handbook, Fifth cd.. 1999, Precast/
Prestressed Concrete Institute. Chicago, IL
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Introduction

ABOUT THE PE EXAM

The Cimd PE Sample Fzamination provides the oppor-
tunily Lo practice taking an cight-hour Lest similar in
content and formal to the Principles and Practice ol
Engineering (PE) examination in civil engineering. The
civil PE examination is an cight-hour exam divided into
a morning session and an afternoon session. The morn-
ing session is known as the “breadth™ exam. and the
alternoon session is known as the “deplh” exam. This
book conlains a sample breadth modnle and hve sample
depih modules one for each subdiscipline the NCEES
tests.

In the four-hour morning session, the examinec is asked
to solve 40 problems [rom five major civil engineer-
ing subdisciplines: environmental {(approximately 20%
of the examn problems); geotechnical (20%); structural
(20%); transportation (20%); and watcr resources (207},
Morning session problems are general in nature and
wide-ranging in scope.

The fonr-hour afternoon session allows the examinee
to select a depth exam maodule from one of five subdis-
ciplines (environmental, geotechnical, struetural, trans-
portation, and water resources). Each depth module is
made up of 40 problems. Afternoou session problems
require more specialized knowledge than those in the
INOrNing session.

All problems, from both the morning and afternoon
sessions, are multiple choice.  They include a prob-
lem statemoent with all required defining information,
[ollowed by four logical choices. Ouly one of the four
options 15 correct. The problemns are completely inde-
pendent of cach other, so an incorrect choice on one
problemn will not earry over to subscequent problems.

This book is written in the mmltiple-choice exam for-
mat instituted by the NCEES. 1t covers all the same
topic arcas that appear on the exam, as provided by

the NCELES.

Topics and the approximate distribution of problems on
the morning session of ihe civil PE cxam arc as follows.

Environmental (20%):
e Wastewater treatmoent

e Biology

e Solid /hazardous waste

e Groundwater and well fields
Geotechnical (20%):

e Subsurface exploration and sampling

¢ Engincering propertics of soils

e Soil mechanics analysis

o Shallow foundations

e Farth rctaining structures
Structural (20%):

e [oadings

e Analvsis

e Mechauics of materials

e Materials

e Moemboer design
Transportation (20%):

e Traffic analysis

e Construction

e Geometric design
Water Resources (20%):

s Hvdranlics

o Hyvdrology

o Water treatment,

Topics and the approximate distribution of problems in
the five depth modules of the civil PE exam afternoon
session arc as follows.

Environmental Module
¢ Environmental (65%)
e Ceotechnical (10%)
» Water resources (25%)
Geotechnical Module
» Geotechnical (65%)

e Environmental (10%)

PROFESSIONAL PUBLICATIONS, INC.




Xii CI1viL PE SAMPLE EXAMINATION

e Structural (20%)

e Transportation (5%)
Structural Module

e Structural (65%)

e Ceolechnical (25%)

o Transportation (10%)
Transportation Module

e Transportation (65%)

e Geotechnical (15%)

o Water resources (207%)
Water Resources Module

e Warer resonrces (65%)

e Environmental (25%7)

» (Geotechnical (10%)

According to Lthe NCEES, exam guestions related to
codes and standards will be based on cither {1) an in-
terpretation of a code or standard (hat is presented in
the exam booklet or (2) a code or standard thal a com-
mittee of licensed cugineers feels minimally competent
engineers should know. Code information required to
solve guestions will be consistent with the last edition
of the code issued hefore the vear of the exam.

For further information and tips on how to prepare
for the civil PE exam, consult the Civd Engineering
fleference Manual or Professional Publications” website,
WWW. Pppi2pass.cortl.

HOW TO USE THIS BOOK

[t is recommended that vou treat this book as an exam.
Do not read the questions ahead of time. and do not
look at the answers until you've finished. As vou work
the problems, you may nse the Civil Engineering lcfer-
ence Manual, Adequate preparation, not an extensive
library, is the key to success. Check with your state’s
board of engincering registration for any resirictions.
(The PPI website, www.ppi2puss.com, has a listing of
state boards, )

Prepare for the examn. read the sample exam instruc-
tions (which simulate the oncs you'll receive from your
exam proctor), set a timuer for four honrs. and rake the
breadth modnle. After a one-hour break. turn to the
depth module you will seleet during the actual exam,
set the timer, and complete the simulated alterncon
session. Then, check your answers,

After taking the sample exaw, review vour arcas of
weakness and then take the exam again, but since none
of the problems in the book are repealed, substitute a
different depth module. Check vour answers, and re-
peat the process for each of the depth arcas. Evalunte
your strengths and weakncsses, and select additional
texts to supplement your weak areas {c.g., Practice
Problems for the Crwil Engineering PE Ezam). Check
the PPI website for the latest in exam preparation ma-
tenals at www.ppi2pass.com.

The problems in this book were written Lo emphasize
the breadth of the civil engineering field. Some may
seem easy and some hard. If yvou arc unable to ans-
wer a given question, vou should review that topic area.

This book assumes thai the breadth module of the PE
exanl will be more academic and traditional in pature,
and that the depth wodules will require practical, non-
numerical knowledge, of the type that comes from ox-
pericnee.

The probilems are generally similar Lo cach other in dif-
ficulty, yet a few somewhat casier problems have been
included to expose yon to less-frequently examined ftop-
ITS.

The keys to success on the exam are to know the basics
and to practice solving as many problems as possible.
This book will assist you with both objectives.

PROFESSIONAL PUBLICATIONS, INC.




Morning Session
Instructions

In accordance with the rules established by your state,
vou may use textbooks, handbooks, bound reference
materials, and any approved battery- or solar-powered,
silent caleulator to work this examination. However, no
blank papers, writing tablets, unbound scrateh paper.
or loose notes are permitied. Sufficient room lor scratch
work is provided in the Exammation Booklet.

You are not permitted to share or exchange materials
with other examinees. However, the books and other
resonrces used in this morning session may be changed
prior fo the alternoon scssion.

You will have four hours in which to work this session of
the examination. Your score will be determined by the
number of gquestions vhat you answer correctly. There
is a total of 40 questions. All 40 questions must be
worked ecorrectly in order to reccive full eredit on the
exam. There are no optional guestions. Fach question
is worth one point. The maximum possible score for
this section of the examination is 40 points.

>artial eredit is not available. No credit will be given
for methodology, assmnptions, or work written in your
Exammination BDooklet.

Record all of your answers on the Answer Shect. No
credit will he given for answers marked in the Exam-
ination Booklew, Mark vour answers with the pencil
provided to you, Marks must be dark and must com-
pletely fill the bubbles. Record only one answer per
question. II you mark morce than one answer, vou will
not reeeive credit for the question. If yvon change an
answer, be sure the old bubble is erased completely:
incomplete erasures may be misinterpreted as answers,

If vou finish carly, check vour work and make sure that
you have followed all instructions. After checking your
answers. vou may turn in vonr Examination Booklet
and Answer Sheet and leave the examination room.
Once vou leave, you will not be permitted to return
to work or change vour answers.

When permission has heen given by your proctor, break
the seal on the Examination Booklet. Check that all
pages are present and legible. If any part of your FEx-
amination Booklet is missing, vour proctor will issue
you a new Booklet.

Do not work any questions from the Afternoon Session
during the first four hours of this exan.

WAIT FOR PERMISSION TO BEGIN

Name:

Last First Middle Initial

Examinee number:

Examination Booklet number: o

Principles and Practice of
Engineering Examination

Morning Session
Sample Examination

PROFESSIONAL PUBLICATIONS, INC.
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Morning Session

1. A complete-mix activated slndge process is used to
trcat 8 MGD of brewery wasteos with a COD of 1800
mg/L. The nonbiodegradable fraction is 110 mg/L
(*0D. The biochemical reaction is pseudo-first order.
The substrate ntilization rate constanl based on mixed
liquor volatile suspended solids (MLVSS) is 0.6 L/g-h at
20°C. The design mixed liguor suspended solids (MLSS)
is 2500 mg/L. and the solids are 756% volatile. Activated
sludge is retwned directly to the reactor for a design ef-
fluent COD of 200 mg/T.. The reactor volume is most
nearly

(A) 200,000
(1) 400,000 ft*
(C) 300,000 £
(D) 700.000 {1

2. The design fHow will be 15 MGD for a waste-
water Lreatment plant to process mfluent with a raw
suspended solids content of 300 mg/L. The target sus-
pended solids concentration is 150 mg/L as the flow
leaves the primary clarifier treatment. A pilot plantl
has been built with the results shown. Two cylindrical
clarifier units are required for reliability. Which of the
following configuralions will satisfv the design crileria
tor cach unit?

detention period and overflow rate
versus percent removal

mh- —iﬁﬂﬂ
= —~n
.é %
; 40L 42000 &
o =
™ o
a ©
e 30+ 11500 2
o
= =
& I
© 20¢ 11000 2

I} &4 detention pericd {min) 4
10 w8 overflow rate {gpd/ft2) 300
| i 1 i L

40 50 60 70 80 90 100
suspended sclids removal (%)

(A} diameter of 60 ft, depth of 12 ft
(B} diameter of 70 ft, depth of 6 ft
{C) diameter of 85 fi. depth of & {t
(D} diameter of 100 ft, depth of 7 ft

3. Which of the following are communicable discase
agents that can be transmitted through water supply
and wastewater?

1. Salmonella typia
II. Escherichia cols
I, Giardia {amblia
1V. Sphaerotilis natans
V. Poliovirus
VI. Cenodaphnia dulia
VII. Endamocha histoiytica

VIIi. FPimephales promelas

(A) L 11, V, VII
(B) L, III, V, VTI
(C) 1L, TV, VI, VIII
(D} V, V1, VII, VIII

4. An industrial wastewater is tested for chronic tox-
icity, vielding the results in the table for the following
freshwater species.

control

NOEC LOEC

cxposure  survival

Speries (days) () (%0 effiuent) (% efflucnt)
FPimephales

promelos T 99 5.0 B.0)
Cerrodaphnta

s fracs {4 R 2.0 1.5
Rainbow

Lrout 7 LO 12.0 18.0

If the dilution m the mixing zone where the waste is dis-
charged is 100:1, the crilerion continuous concentration
{CCC) for the test is most nearly

PROFESSIONAL PUBLICATIONS, INC,.
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(A) 0.08 chronic toxicity unit
(3) 0.20 chronic toxicity unit
{C) (.50 chronic toxicity uuit
(D} 1.2 chronic toxicity units

5. A freshwater stream exhibits the characteristics
shown in Lhe following table. The results come from
three zones studied during a 30 d period.

condition
parameter zane 1 woOme 2 Zone 4
dissolved vxygen 4.5 me/L  90% saturation 0.5 mp/L

wnter temporatnre 107 C 237¢
total colifornin

(geometric mean) 400/100 mel.  100/100 ml. 50001 /100 mL
biochemical oxygen

dewand 3 me/L 1 mg/L 6 mg/L
Spaerotilus natens slight absent abmndant
midee larvae low density abundant low demsity
sulfide odors abhsent absent present

Which of the following statemcnts are true relative fo
each zone and the ecology of clean and polluted water?

[. Zone 1 would be characterized as an oligosaprobic
zoue and wonld be representative of highly pol-
iuted water.

I1. Zone 2 represents relatively clean water and would
be classified as an oligosaprobic zone.

[1I. Zone 3 represents a highly pellited water and
would be classihed as a polysaprobic zone.

V. Zones 1 and 3 are representative ol highly pol-
luted water and would be classified as mesosapro-
bie zones.

(A) L 11

(B) T 1IL TV
(C) II, T
(D) 1L, TV

6. A solid waste facility recovers salable metals, glass,
and other materials [rorn municipal solid waste. The
remaining solid waste is incinerated. The combustion
heat generales steam for turbines, which in furn drive
eloctrical generators. The clectrical gemeration plant
consists of three power modules. each containing a fur-
nace, a steam generator, a turbine, and an electrical
generator. Fach power module burns 180 U.S. tons of
solid waste and 190 U.S. tons of sludge each day, 7 days
a week.

When recetved by the clecirical generation plant, the
solid waste contains 5% moisture and 15% waterial that

is removed by an air classifier. The moisture and clas-
sified material are removed prior to combustion. If per
capita solid waste generation is 7 lbm/day, the popula-
tion served by the solid waste facility is most nearly

(A} 100,000 people
(I3) 200.000 people
(C} 300,000 people
(D) 400,000 people

7. A community of 25.000 pcople generates 8 b of
solid waste per person per day, which is disposed of in
a landfill. The landfill’s design specifications include an
in-place density of solid waste of 1200 Ihm/yd®. a soil
cover ratio of four parts solid waste to one part cover,
and an in-place soil density of 130 lbm/ft®, The tolal
mass of soil required for 1 vr of operation is most nearly

(A) 15,000 U.S. tons
(B) 25.000 U.S. tons
(C) 35,000 U.S. tons
(D) 45,000 U.S. tons

8. A contaminant plume of tetrachloroethylene moves
toward a river 2 km away, The coeficient of retardation
for tetrachloroethylene is given in the table.

travel time {d) coefficient of retardation

160 (.25
400 0.19
=640 0.17

The depth of the plume is 50 m. and the groundwater
elevation is 40 m above the river level, The aguifer
is predominately clay, sand, and gravel, with a Darcy
cocflicient of 0.1 m/d and a porosity of 0.25. What is
most nearly the time it will take the contanmant to
reach the river?

(A) 4000 yr
(B3) 6000 yr
() 8000 yr
(D} 10,000 vr

9. A pravity retaining wall is holding soil backfill with
the propertics shown. The total active force per unil
length of the wall 1s most nearly
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(A) 1.5% 10 % m?/s
(B) 25 x 107" m*/s
_ e (C) 1.5 x 107" m'/s
(D) 2.5 167" m?

(A} 40 kN/m 12. A square foundation snpports a column load of 800

(B) 50 kN/m kIN. The soil beneath the footing is generally homoge-

{C} 70kN/m neaus. If the foundation bearing pressure from this load

(D) 80 kN/imn is reduced from 400 kPa to 100 kPa {(the column load
remaning constant), the change in stress at a depth of
3 m below the foundation center will be most nearly

(A) a decrease in stress of 20 kPa

10. A saud (ill is spread on top of organic silt as shown, (B} a decrease in siress of 10 kPa
Assumne that the fill is inhnite in extent. At the end of (C) an increase in siress of 10 kPa
the cansolidation process, the inerease in vertical effec- (D) an increase in stress of 20 kPa

tive stress at point A duc to the placement ol the sand
[ill is most nearly

13. A retaining wall is shown. For the given condi-
tions, the factor of safely against overturning is most

sand ﬂi] Sl
iy~ 20 kam3 __ nearly

organic silt 2
18 kN/m3;

(A) 0 kN/m?

(B) 60 kN /in*
(C) 100 kN/m?
(D) 120 kN/m?

(A) 1.3
(B) 2.3
(C) 2.6
(D) 2.8

11. An impermeable dam impounds waler over a soil
with properties as shown. The width of the dam across
the water How is 300 m. The quantity ol seepage under
the dam is most nearly
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6 CIVIL PE SAMPLE EXAMINATION

14. A slope with the soil properties given is shown,
The cohesive factor of safety for the stability of this
slope Is maost nearly

(A) 1.0
(B) 1.3
(C) 20
(D) 2.5

15. The results from a series of direct shear Lests on a
sandy soil are shown in the table.

normal stress  shear stress

test number (kPa) {kPa)
1 50 30
2 150 105
3 250 175

The principal stresses on the failure plane for test 2 are
most nearly

(A) & =100 kPa and &3 = 250 kPa
(B) oy 100 kPa and &5 = 350 kPa
{C} oy - 150 kPa and ﬁ'g = 390 kD’a
(D) #; - 150 kPa and 74 = 490 kPa

16. Sieve and hvdrometer tosting shows Lhat a soil has
Lhe following grain size distribution. The material pass-
ing throngh a no. 40 sieve has a liquid limit ol 34 and a

plasticity imdex of 13. The AASHTO classification for
this soil is

b
o J
L=

3

&

&

3

parcent finer by weight

|
S 0
-0

0.002 -
0.001

grain diameter (mm)

(A) A-2-6 (0)
(B) A-2-6(1)
(C) A-2-7 (D)
(D) A-2-7 (1)

17. A simply supported girder spans 80 ft and is sub-
jected to a set of three moving wheel loads with mag-
nitude and spacing as shown. What is most nearly the
absolute masximum bending momcent caused by the mov-
ing loads?

i |y ——

8 kips 8 kips 16 kips

Apr—e * = ' * T

80 ft

{A} 510 ft-kips
(B} 590 ft-kips
(C) 630 ft-kips
(D) 740 ft-kips

18. What is most nearly the compressive force in mem-
ber CD in the truss shown, where tension is positive and
compression is negative?

B F
i
20
'
a‘ b f gT
18kips 18kips 18 kips
5f  15ft  BR 1Bk 15ft  15ft

1574  15f
- 90 ft i
(A} —90 kips
(B} —6M0 kips
(C) —40 kips
(D)} —20 kips

19. A solid masonry colurnm has a cross section mea-
suring 32 in x 32 in. The column is subjected to axial
cotpression foree of 110 kips, which includes Lhe weight
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of the colurnn, with an eccentricity ot 5 in about one
axis. What is most uearly the maximum axial com-
pression stress caused by this loading?

110 kips

/ %/ Bin

(A) 0.2 kips/in®
(B) 1.3 kips/in?
(C) 2.4 kips/in*
(D) 3.0 kips/in?

20, A singly reinforced concrete beam has the cross
section shown., The concrete is normal weight with a
specified compressive strength of 4000 psi and is rein
forced with four no. 10, grade 60 rebars. The design
morment, strength of the section is most nearly

Bin 12 in bin
il i | gl | -l -
i e
4in i
18.5 In Wi wea st !
::.;'::. o a— four no. 10
v 4 ;:5;;';';-;;;-.-;:;s;:;:‘-.
2.5 in| ;T T T
F e 3

300 ft-kips
340 fr-kips
380 [-kips
440 [-kips

2 =

——
e et P M

D

21. A 14 in x 14 in reinforced concrete column bears
on a square spread [ooting that is 8.5 ft x 85 ft in
plan, has an overall thickness of 20 in, and is reinforced
with no. 8 rebars in each direction. The footing is con-
structed of 3000 psi normal weight concrete 1 accor-
dance with the ACI 318 specihication. The masamuin
concentric design axial force that could be supported
by the footing based on its punching shear resistance 1s
most nearly

(A} 350 kips
(B3) 400 kips
(C} 4b0 kips
(D} 500 kips

22. An eccentrically loaded conucetion is made using
high-strength bolts of the same size in the arrangement
shown. Based on linear elastic theory, the maximnmmn
shear that occurs 1 the fastener group cansed by the
appliced force 1s most nearly

36 kips
2in 5in Bin
N o, R .
,r:.l 4 iR
I i
£ PR
o SHEIREE
't el
B - .
ol FA o L
t} T e
5 ¥ - _" L
structural plate | =
[, oo

23. A llexible plywood diaphrapgm spans shearwalls lo-
cated on lines A, B, anad C, and 1s subjecled to a lateral
wind load of 320 Ibf/ft acting in the direction shown.
The maximum chord lorce crealed in Lhe diaphragm is
most nearly
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g i s
B 2 g‘
I
55 ft N
* |
REEREREREE
320 Ibfift
plan view

(A) 4200 bf
(B) 4700 Ibf
(C) 9600 Ibf
(D) 12,000 1bf

24. Loads on 2 highly restrained connection result in
a state of stress having equal tensile stresses on three
orthogonal faces. The connection is made by welding a
ductile siructural steel using an appropriate electrode.
Given that loads increase until failure initiates at the
stressed point, the resulting failure would be best de-
scribed as

G -

(A} ductile

(B) shear slip

(C) cleavage

{D) large deformation

25. The maximum service flow rate of a four-lane free-
way is 1350 pephpl, and the free-flow speed is 65 mph.
The level of service (LLOS) at which the freeway operates
15 most nearly

(A) LOS B
(B) LOS C
(C) LOSD
(D) LOSE

26. Anunsignalized T-intersection’s three legs arc cach
two way. What is most nearly the total number of con-
flict points. including crossing. wmerging, and diverging?
(A) 3
(B) 6
(C) 9
(D) 1

2

27. A four-lane freeway runs through rural areas. Each
lanc is 11 ft wide. A recent traffic study for a particular
portion of the daily commute period shows the direc-
tional weekday volume is 2400 vph in one direction. An
average of 750 vchicles passes by during the busiest 15
min. What is most nearly the peak hour factor (PHF)?

(A) 0.31
(B) 0.80
(C) 0.94
(D) 10

28. The relationship between the average travel speed.
S, in mph and the density. D. in vpm for an urban road
is given by the {ollowing relationship.

i
i T hr
— B Rriii p—
5 =65 e 0.42 i D
mi
Assume undersaturated trafhe conditions. When the
average travel speed is 50 mph, the fow rate is most
nearly

(A) 160 vph

(B) 18060 vph
(C) 2300 vph
(D) 3200 vph

29. Which one of the following slatements is true?

(A) ADT is the average of 24 hr trafiic counts col-
lected every dav in the year.

(B) Fixed traflic delay on roadways is cansed by
traffic side friction.

(C) Space mean speed is always lower than time
mean speed.

(D) Local strects provide more access than mobil-
ity, and they carrv more than 80% of travel
volume nationwide.

30. A car is travcling on a two-lane rural road at 45
mph. The road grade is 5% dowunlill. A deer appears
in front of the car and starts to cross the road. What is
most nearly the distance the car needs in order to stop
in time to avoid hitting the deer?
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(A) 150 {u
(B) 170 ft
(C) 390 fL
(D) 420 ft

31. In the following table, ADT data for trafhc move-
ments between four locations are given. Points A, B,
C. and D represent the locations along various straight
highway sections. as shown in the illustration. AB rop-
rescnts the mumber of daily trips from location A to
location B. BA represents the number of daily trips
ffom B to A. Other combinations of A, B. C, and D
are mterpreted similarly. An interchange is proposed
Lo accommnodate the traffie to and from all locations.
Whalt is the most sunitable type of interchange?

turning volume
movement  (vpd)
AD 18.500
AC 25
AD 13
BA 17,000
BD 30
BC 10
CD G0
CA 15
'B 20)
DC 120
D3 25
DA 20)
C
L
p——g1—B
D

(A} cloverleaf, full
(B) cloverleal, partial
(C) diamond

(D) directional

32. The total et area and total fill area for two sta-
tions (1 and 2) along a roadway are as follows.

total ent area  total fill area

station (ft*) (ft?)
1 9 24
pl 15 32

Use the average cnd arca method for earthwork compu-
tations using 100 {t stalions. Whal is most nearly the
netl earthwork volune?

ent: 45 yd*
fill: 60 yd*
fill: 100 yd?®
cut: 150 yd*

e T o O i T
Do =
SR R A W

33. A culvert system is being designed to pass ymder
a major highwav., The enlvert system must be able to
protect the highway from runoff from a 1 in storm. The
[ollowing information has been derived from a storm
that produced runoff over a 2 hr period.

drainage arca 13 mi*
flood hydrograph peak discharse 9300 [ /sec
flood hydrograph volume 3260 ac-ft

What is most ncarly the 2 hr unit hydrograph peak
discharge?

(A} 2300 ft*/in-sec
(B) 3300 ft* /in-sec
(C) 4800 ft3 /in-sec
(D) 6500 ft3 /in-sec

34. A spray svstem s designed as part of an industrial
process. A 0.8 in diameter nozzle conneeted to a 3.15 in
diawneter pipe will provide a spray velocity of 98 {1 /sce.
The cocflicients of velocity and contraction are 0.95 and
(.80, respectively. The water temperature is 160°F. The
pressure reguired at the entrance Lo the nozzle is most
nearly

(A) 46 psi
(B) 51 psi
() 70 psi
(D) 77 psi

35. Ao urigation canal must supply 1060 ft7 /sec of
waler al a wuiform depth of 5 [t. The canal has a 10
ft wide, rectangular cross section and is constructed of
brick to make use of local building materials. The slope
of the canal that will meet the supply conditions is most
nearly

(A) 1.0%
(B) 1.5%
(C) 2.3%
(D) 3.4%
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36. A small basin consists of the cover types given in
the following table.

cover type

operl space with 80% gras;,
high infiltration

residential, /s ac.
moderate infiltration

paved roads and parking

unit  avea (f*)
| 200,000

2 300,000

3 1RO000

Accordiug to the NRCS wmethod, the soil storage capac-
ily is most nearly

(A} 1.0 in
(B) 2.5 in
() 3.0 in
(D) 4.5 in

37. A rapid-mixing basin is designed for a water treat-
ment plant. The prelininary design is given in the ta-
hle.

value

SUALe

1.5 times width
3.5 ft fsec

B50 ft/sce-ft

;m_ri-um:t-er

hasin conliguration
hasin deplh

desien How

doesign veloeily gradient

desiegn detention Lime ol sec
temiperature T0°F
inpeller power number,
Luminar flow 65
imipeller power number,
Lurbulent How D.79

rotational speed 3 rev/sec

The design impeller diameter is most nearly

(A) L3ft
(B) 16 ft
(C) 2.0
(D) 2.3 ft

38. An existing water treatment plant is analyzed for
deficiencies in order to improve performance for sus-
pended solids removal with alum and lime, The analysis
determined that alnminum hydroxide sludge is lormed
at 30 mg/L. For a flow of 0.3 m*/s. the stoichiometric
alun dosc is most nearly

(A) 3000 kg/d
(B} 1000 kg/d
(C) 5000 keg/d
(D) 6000 keg/d

39. A plain sedimentation tank removes 100% of a
sandy material with a mean specific gravity of 2.2, a
mean diameter of 6.5 x 1072 ft, and an operating tem-
perature of 90°F. The system has a detention time of
2.5 hr and a flow of 18 ft?/sec. The area and depth of
the tank, respectively, are most nearly

(A) 10,000 ft?; 13 ft
(B) 12.000 ft2; 7 ft
(C) 14,000 £t2: 16 ft
(D} 16,000 ft2: 10 ft

40. Which of the following statements are true for chlo-
rine disinfection of water for public water supply use?

[. The disinfection effectiveness is pH dependent,

II. Removal efficiencies for viruses are related to con-
centration, contact time, and chlorine demand.

TII. Chlorine offers the additional benefit over other
disinfectants of residual protection in the distri-
bution system.

IV. A slow sand filter provides no additional benefit
for chlorine disinfection.

(AY I, 1L, IV
(B) T, LI
(C) 11, I
(D) TL 1L IV
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STOP!

DO NOT CONTINUE!

This concludes the Morning Session of the examination.
If you finish early, check your work and make sure that
vou have followed all instructions. After checking vour
answers, you may turn in your examination booklel and
answer sheet and leave the examination room. Once you
leave, vou will not be permitted to return to work or
change your answers.
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Afternoon Session
Instructions

In accordance with the rules established by vour state,
vou may use texibooks, handbooks. bound rciference
materials, and any approved battery- or solar-powered,
silent caleulator to work this examination. However, no
blank papers, writing tablets, unbound scratch paper,
or loose notes are permitted, Suflicient room for seratch
work 18 provided in the Examination Booklet.

You are not permitted to sharc or exchange materials
with other examinees. However, the bocks and other
resources used in this afternoon session do not have to
be the same as were used in the morning session.

This portion of the examination is divided into five
depth modules. You may sclect any one of the mod-
ules, regardless of your work experience. However. you
may not “jump around” and solve questions from more
than one module.

You will have four hours in which to work this session
of the examination. Your score will be determnined by
the number of questions you answer correctly. There
is a total of 40 guestions in each depth module. Al
40 questions in the module selected must be worked
correctly m order to receive full credit on the exam.
There are no optional questions. Ifach question 1s worth
one point. The maximum possible score tor this section
of the examination is 40 points.

Partial credit is not available. No credit will be given
for methodology, assumptions, or work written in your
Examination Booklet,

Record all of vour answers on the Answer Sheet. No
criclit will be given for answers marked in the Exam-
ination Booklet. Mark your answers with the pencil
provided to vou. Marks must be dark and must com-
pletely fill the bubbles. Record only one answer per
question. If yon mark more than one answer. you will
not receive credit for the question. If you change an
apswer, be sure the old bubble 1s erased ecompletely;
incomplete erasures mayv be misinterpreted as answers.

If you linish early, check your work and make sure that
you have followed all instructions. After checking vour
answers, you may turn in your Examination Booklet
and Answer Sheet and leave the examination roomi.
Once you leave, you will not be permitted to return
to work or change your answcers.

When permission has been given by vour proctor, break
the seal on the Examination Booklet. Check that all
pages are present and legible, 1f any part of your Ex-
amination Booklet is missing, vour proctor will issuc
you a new Booklet.

Do not work any questions from the Morning Session
during the second [our hours of this exam.

WAIT FOR PERMISSION TO BEGIN

Name:

T First Middle 1nitial

Examinee number:

Examination Booklet number:

Depth Module to be graded:

Principles and Practice of
Engineering Examination

Afternoon Session
Sample Examination

Depth Modules

Environmental . . . . ... ... ... ... ..... 17
Geotechnical . . . . . . .. . ... ... ... 25
SRR camion 5 5 B R S B S B A S 8 33
EIBORDOMERON « o s s g v b b s B pa s ey L iR 43
Water Resources . . ., . . .. . S S L ST 3 h3
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Environmental
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Afternoon Session
Environmental

41. Waustewater design How for a wastewater treatment
plant is to be based on population tor domestic sewage,
plus industrial wastewater, storm watcer, and infiltra-
tion. The parameters are given in the following table.

parameter value
population 65,000 people

200 ac
200'% of annual average

industrial area

peak daily flow

exeess Infiltration rate
{above normal)

callection system
proporties

600 gal/day-in-mi

5 1 of 24 in pipe
16 mi of 12 in pipe
22 mi of ¥ in pipe

industrial wasle 10.000 gal/ac-day

The design maximum daily flow is most nearly

(A} 10 MGD
(B) 15 MGD
(C) 20 MGD
(D) 25 MGD

42. A state regulatory agency has established the fol-
lowing criteria for design of primary clarifiers for mn-
nicipal wastewater treatment plants.

parameter value

overflow rate, peak hour - 2000 gal/day-ft?
overflow rate, maximmm daily 800 gal/day-ft*
sidewall depth, minimum 8 ft

weir loading rate, peak hour 35,000 gal /day-ft
detention time, minimum 60 min

The annual average design How for the plant is 3.5
MGD. The peaking factors relative to the annual av-
crage design fow are 2.0 for the maximum day and 4.0
for the peak hour. One clarifier is to be used. The di-
amnetoer of the clarifier to the next higher 10 ft increment
is most nearly

(A) 100 ft
(B) 110 [t
(C) 120 ft
(D) 130 1t

43. A complete mix-activated sludge wastewater treat-
nient plant is being studied. The characteristics of the
plant are given in the following table.

parameter valuc
volatile fraction of MLSS T0%
influent flow 200 L/s
MLSS 2500 mg/L
mfluent soluble BOD 210 mg /L
effluent soluble BODs 10 mg/L
waste Tate from recyvele line 20 L/s
volume of aeration 4300 m>
SVI iu recycle line 100 mL/g

The mean cell residence time is most nearly

(A) 8h

(B} 10 h
(C) 15h
(D} 1Th

44. A secondary clarifier is to be designed using the
criteria in the following table.

parameter value
maximum overflow rate 600 gal/day-ft*

minimum detention time 30 1nin
maximuwm weir loading rate 10,000 gal /day-ft
design peak flow 2 MGD
minimum depth 8 ft

What is most nearly the diameter of a single basin that
would meet the design criteria?

(A) 45t
(B) 55 ft
(C) 65 ft
(D) 75 ft

45. A wastewater treatment plant will use alumn to re-
move 10 mg/L of phosphorus from a flow of 400 L/s.
A pilot test determined that 50% above theoretical re-
quircments for alum are needed to effectively remove
the phosphorus. Reference data for the alum and phos-
phorus are given in the following table.
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paramcter value

molecular weight of alum 666.7 g/mol
[ormula for liguid alum Al {804)5-18I120
alum strength 49%
concentration of alum solution  1.400 kg/L.

The volume of alinn solution reguired is most nearly

(A) 6000 T./d
(B) 8000 L/d
(©) 10000 T./d
(D} 12000 L/d

46. An activated-sludge wastewater treatment plant
receives 400 L /s raw wastewater with 280 mg/L BODg
and 220 mg/L total suspended solids (TS5}, The final
effluent is 20 mg /T, BODj5 and 20 mg/L TSS. The pri-
mary clarifier removes 30% BODg and 75% TS5, The
cell yvield in the aeration tanks is 60 kg suspended solids
pracduced per 100 ke of BODg remaoved. No I3OT) is re-
moved through the sceondary elarifier. The total dry
niass of solids produced is most nearly

(A) 6000 kg/d

(B) 7000 kg/d

(C) 9000 kg/d

(D) 11000 kg/d

47. Anaerobic digesters receive a total of 3000 m*/d
of primary sludge at an ultimate BOD concentration of
400 mg/L. The digested sludge is wasted at a rate of 30
m*/d with a suspended solids concentration of 10000
mg/L. The efliciency of waste utilization is 0.7, The
volume of methane produced is most nearly

(A} 140 m?/d
(B) 190 m?/d
(C) 220 wm*/d
(D} 260 m*/d

48. Sulfur dioxide is to be used to dechlorinate an ef-
Huent containing a chlorine residual of 6 mg/L as Cls.
The design flow 1s 80 L/s. The amonnt of sulfur dioxide
required is mosl nearly

(A) 10 kg/d
(B) 20 ke/d
(C) 30 ke/d
(D) 40 ka/d

49. An anoxic basin will be used to denitrify a waste-
water with the characteristics given in the following
table.

paramocter value
influent NO3-N 26 mg/ L
effluent NO3-N 4 mg/L
MLVSS 2500 me/L
DO 0.2 mg/L
temperature LO°C

specific denitrification rate  0.09 kg NO4-N/

kg MLVSS-d

The required detention timme is most nearly

80. A plating factory has a discharge permit that re-
guires effluent Lo be diluted at least 20 to 1 in the
nearfield for a maximum flow of 75 ft7 /sec into a river.
At low river How, the diffuser is submerged 4 ft and the
stream velocity is 3.0 ft./sec. The diffuser is 2 ft above
the river bed. The dilfuser has 10 ports, each with a
12 in diameter, discharging 60° ahove the horizontal.
What is most nearly the required diffuser length?

91. A constructed wetlands design is being reviewed.
The design parameters are given in the following table.

parameter value
length of hasin 200 ft
wicdth of basin 2500 fx
fraction of cross section

not occeupied by plants 0.75
depth of basin 2 it

average flow rate

specific surface area for
microbiological activity

influent BODs

fraction of BODg not removed
by settling at head of system (.52

rate constant at 20°C 0.006/day

temperature 10°C

40,000 £t* /day

4.8 fi*/ft?
200 mg/L

The effluent BODs concentration will be most nearly

(A) 40 mg/L
(B3] 65 mg/L
(C) 80 mg/L
(D} 95 mg/L
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52. Wastewater containing a fine particulate is fo be
polished with a dissolved air fHotation unit. The design
criteria are given in the following table.

parameter value
suspended solids 300 mg/L
optimuwm Aotation air-

to-solids ratio (.07 mg air/mg solids
operating temperature  20°C
air solubility al 20°C 18.7 mL air/L water
absorption fraction 0.6

For pressurization of the total wastewaler flow, the re-
quired gage pressure is most nearly

(A) 160 kPa
(B) 180 kPa
(C) 200 kPa
(D) 220 kPa

53. Which of the following is NO'I" a cause of high con-
centrations of snspended solids in wastewater eftlnent?

{A) inadeguate solids removal, causing nitrogen
bibbles and risime sludge in secondary clari-
hiers

(B) out of balance food-to-microorganism ralio,
cansing bulking sludge

(C) insufficient conditioning chemical [or shidge
dewalering, causing cycling of fine solids

(D) excessive activated sludge return rates, caus-
ing dilute return activated sludge

54. BOD analyses of an industrial wustewater give the
results shown in the following table. Assumc the sam-
ples are places in standard 300 mL BOD bottles.

waslewator

hottle portion mnitial DO final DO
_no. (L) (mg/L) (mg/L}

1 3 8.6 6.0

2 3 8.6 6.1

3 3 8.4 fi.6

4 2 8.5 6.1

h 2 8.5 fi.4

6 2 K.0 6.0

T 1 8.6 6.3

) i 8.5 6.4

9 | 8.4 6.5

Buascd on these analvses, which is the principal conclu-
sion that may be drawn?

(A) The wastewater shows a high BOD, thus con-
firming an industrial wasle.

(B) The BOD results vary widely, indicating an
inaccuracy i the test.

{C) The high BOD results indicate the need to ran
a wider range of dilutions.

(D} The increasing BOD with increasing dilution
indicates toxicily in the wastewater.

§5. Which of the following statements are true?

[. The abundance of algae in natnural waters depeiuds
on the availability ol nitrogen and phosphorus.

II. Algae in oxidation ponds can interfere with water
treatment and so shonld be removed regularly.

I Only two constituents, nitrogen and carbon, need
to be controlled in wastewater efllluent to meer wa-
ter quality ohjectives related Lo algac.

IV. The usc of carbon dioxide by algae may cause high
diurnal variations in pH in stabilization ponds.

V. Control of algae in natural waters thal serve as
water supply Is unportant due to the alzac’s po-
tential to canse taste and odor problems.

(A) L I, TV
(B) LIV.V
(C) 1L IIT, V
(D) TIL TV. V

56. Thc removal of coliform organisins in a small stream
is anulyzed. The approximate initial die-away rate of
the bacteria population is 1500/h. The cocfficient. of
nonuniformity or vetardation is 6.15. The stream has a
flow of 400 L/s, a depth of | m, and a width of 10 m,
What is most nearly the percent removal 10 km down-
strear from the point where the analysis took place?

(A) 30%

(B) 50%

(C) T0%

(D) 90%

§7. Which of the following stutcinents are true relative
to the cffeets on stream biology from orzanie loads?

I[. Nitrogen in cfinent from conventional wastewaler
treatment plauts does not add to the organic Joad
because i is normally not biologically degradable.

I[I. FEffiuents that are disinfected do not add organic
load to a stream because bacterial populations are
too low to promote decomposition and oxygen de-
mand.
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I1I. Asdissolved oxvgen sags from an organic load, the
variety of biological lifc deereases and the numbers
within the surviving species rise rapidly.

IV. bmmediately below the outfall of partially stabi-
lized wastewater. the popnlations of algae de-
crease: but as mutrient salts are assimilated. the
algae greatly increase in numbers.

V. Amunonia in wastewaler cfluents can be toxic to
aguatic organisms, so ils concentration in the
stream must be reduced by dilution or controlled
by advanced treatment.

(A) L, 1LV

(B} IIL IV

(€) 11, IV, V

(L} 1L IV, V

58. Detween the following lists. mateh Lhe food chain

clements or life lorms with the appropriale requirements
OF Tesponses.

tood chain elemoents or life form

I. aquatic life diversity and abundance
I1. algae and green plants
IMl. ily nyvmphs. copepods, and waler feas
1V. sunfish

V. bass. pike. and salmen
VI. decomposed [ish and other aguatic life

food chain requircmeoent or response

1. is (arve) Nrsi-order consumers in the food chain

2. can be limited by the absenee of sunlight or the
presence of pollution

3. 18 (are) second-order consumers of small herbi-
VOIes

1. release(s) nutrients thai are reeyeled into algae by
photosyuthesis

5. require(s) the presence of oxygen, earbon dioxide,
nitrogen, and phosphorus

. i1~ (are) third-order consumers of llesh ealers

7. Is {arc) primary producers sinee thicy use the en-
crzy of sunlight Lo synthesize inorganic substances
mio living tissne

Which option represeuts the correet matches?

(A) I-2, L5, 11-7. 111-1, TV-3, V-6, VI4

(B) 1-7. 1I-1, III-3, IV-6, V-7, VI-2

(¢} T-1, I1-1, 111-6, IV-2, V-1, VI-3
(D) T4, 11-3, L7, IV-6, V-3, V1.2

59. A pulp niill discharges a treated effiuent to a river
where complete mixing occurs quickly below the out-
fall. The effluent and stream conditions are given in
the following table.

paranicter value
eMucit Aow 0.5 m3/s
effluent BOD; at 20°C GO g /L
cfilnent DO 2 mg /L

effluent temperature 25°C:
deoxygenation rate. K. base 10 0.15d~'
temperaturc vartation vonstant &; for Ky 1.046
streain Aow 6 m" /s
stream velocity 0.3 m/s
streatn BOD: at 20°C betore mix 4.5 meg/L
streant DO before mix 8.5 me /L
stream temperature before mix 15°C
reacraftion rate, K. base 10 0.250 d~!
temperature variation constant . for K,  1.024

The DO of the stream at the critical poiul is inost nearly

(A) 4.8 mg/L
(B) 5.7 mg/L
(C) 6.8 mg/L
(D) 7.6 mg/L

60. Which of the following statements regarding eu-
trophication of lakes or impoundments are truc?

I. A common indicator of eutrophic waters is Lhe

abundance of blue-green algae as compared to
other algae species.

IT. Eutrophic etfects can be rapidly overcome by lim-
iting nitrogen and phosphorus in wastewater dis-
charges.

IT1. Phosphorus has been identified as more critical

than nitrogen in controlling algae and aqguatic
weedls,

IV. The most common methods of controlling cutro-
phication caused by point sourees are diversion of
discharges to a different drainage or treatiment to
remove nitrogen and phosphorus.

V. Bottom sediments rarely contribuie to euthrophic
ciiccts.

(A) LILIV

(B) L 1L, IV
(C) TLIIL 1V
(D) TLIV, V

61. The first stage BOD of a wastewarer is 150 mg,/L at
20°C and a rate constunt of 0.23/d (base ¢). If the same
waste concentration is discharged al a temperature of
30°C. the BODy will be most. nearly
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{A) 100 mg/I.
(B} 125 mg/T.
(CC) 150 mg/T.
(D) 175 mg/T.

62. Which of the following statemenls are truc con-
cerning indicator organisms?

I. Coliform organisms arc a useful indicator of the
potential contamination of water supplies or the
degree of pollution of natural waters because Lhey
are present in large nmnbers in sewage.

II. A distinguishing characteristic of coliforms is their
ability to forment and produce carbon dioxide gas
in 48 hr.

11l. The membrane [ilter technigue provides only a
qualitative presumptive test for coliforms that
must be confirmed by mmltiple-tube fermentation.

IV. Aerobacler verogenes is not a practical indicator
organism hecause it is commonly found in soil.

V. A characteristic that maked coliform organisms
good indieators is their abundance in human
wastes.

(A) L IL HI
(B) LILV

(C) I, I

(D) IL T, TV

63. A wastewater freatment plant is required to pro-
duce an efHuent with a coliform count of less than 200/
100 mT.. Before it is disinfected, the wastewater is found
to average 2 x 105 /100 ml. coliform at a peak hourly
fow of 400 L/s. The chlorine contact tank has an etfec-
tive volume of 1440 m®. The chlorine residual required
to meet Lhe efffucnt lmitation is most nearly

(A) 4.3 mg/L.
(B) 5.7 mg/l.
{C} 6.5 mg/L
(D) 7.2 mg/L

64. Which of the following may be associated with
tastes and odors in nivers, lakes. and other fresh wa-
ters?

I. Ceriodaphnie dubia (daphoid ghrimp)
1. Synura (flagellate algae)

[II. Anabaena (blue-green algac)

IV. Pimephales promeles (fathead minnow)

V. Osciligtoria (bluc-green algae)

VI. Sireptomyees (mold-like filamentous bacteria)

VII. Bacillus subfilis (spore-lforming bacteria}

(A) L II, VI, VII
(B) IL III, V. VI
(C} UL IV, V, VII
(D) 1V, V., VI. VII

65. An MDPN tost gave Lhe results shown in the follow-
ing table.

serial sample portion  no. of positive reactions

dilution (ml.} ont ol five tuboes
0 1.0 Gl -
1 0.1 5
2 0.01 3
3 0.001 2
4 0.0001 1
5 ().00001 0

Using MPN tables, the MI'N is

(A} 70/100 mbL
(B} 700/100 mL
(C} T000/100 mL
(D) 70000/100 mL

66. BOD test results for raw domestic settled wasto-
water are given in the foliowing table.

wastewater
dilution volinme initial DO 54 DO
no. (L) (mg/L) (mg/T.})
1 5 80 6.2
2 10 8.2 2.2
3 18 8.4 3.5

For a deoxygenation rate constant (base e} of 0.25/d.
Lhe nltirnate BOD is most nearly

{A) 120 mg/L
(B} 130 mg/L
(C) 140 mg/l.
(1) 150 mg/L

67. Which of the following actions can improve the
hiolagical quality of fresh wator?

[. control the coucentration of nitrogen and phos-
phorus to liunit algae growth

TI. apply copper sulfate periodically to limit algae
growth
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II1. ¢hange the hydrography to decrease stream
velocity

IV. add chlorine to kill pathogenic bacteria

V. control wastewaler discharges Lo linit
DO depletion

(A) I, 1
(B) LV
(C) 1L 1V
(D) TV, V

68. Recyclable solid wastes are source separated al the
residences and hanled to a recyeling center for process-
ing. The types of waste separated for every 100 Ibm of
tolal waste generated are given in the following table.

total recvclable wasies as-collected

wasle separated density

component  (lbm) {Ibm) (Ibm /ft3)
paper 36 21 B
cardboard 6 4 3
food wustes 8 18
plastic 7 2 1
yvard debris 15 — b
wood 2 14
glass 8 3 12
Lin cans B 1 D
all other . 10
total 100 31

A total of 2000 residences are scerved with an average
of 3.5 persons per residence and an average waste of 4
Ibm/person-day. The participation rate is 80% for pa-
per and cardboard and H50% for olher categorics of re-
cyclables, If a 15 yd? collection vehicle is used at 90%
cfficicnicy in volume utilization, the number ot trips re-
gquired per week is most nearly
(A) 12

(B) 16
(C) 24
(D) 32

69. A transfer station must serve both packer trucks
and small vehicles with design characteristics given in
the following table.

value
packer trucks  small vehicles
6 U.S. tons 0.4 L..S. tons

parameter
average payvload
peak month/

average month 1.5 14
peak hour/
average hour 2.0 1.0

unloading time 6 1min 15 min

The transfer station receives an average of 500 1.5,
tons/day with 80% from collection vehicles and 20%
from small vehieles. What is most nearly the mininmim
number of unloading bays to accomnodate the peak
hour without waiting?

(A) 7
(B) 11
(C) 18
(D) 23

70. A processed solid waste has a basic composition
Lhat can be approximated as Cy3Hs5043;. A pilot test
estimnated that partial acrobic conversion would resull
in residual organic matter with an appreimate compo-
sition of (#33H3;0)5. The initial mass of solid waste is
1000 kg, and the mass of the residunal is 350 kg. The
aerobic stabilization process is described by

CoHyO Ny + 05(ny +2s +r — )02
— uC, H,O,N, + sCO2 + (d — nz)NH;
r=0.5(b—nr—3(d - n.::})

1‘5 — ﬂ s ﬂ-ul

The mass of oxygen reguired for the conversion is most
nearly

) 450 kg
) 530 kg
) G80 kg
) T70 kg

71. A landfill has solid waste cells at a compacied den-
sity of 1000 Ibni/yd? and uses soil cover at. an in-place
density of 3000 1bm/vd?. The soil-to-solid waste ratio is
1:5. No moisture is added. For a solid wasle moisture
content of 20% and a 12 ft lift, the mass of leachate
generated is most nearly

(A} O lbm

(B) 250 |bm
(C) 500 lbm
(D) 750 lbm

72. Solid waste from a small commmunity has the com-
position given in the following table
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component proporiions
it the wasle siream
as coliected
with no reeycling

conlponent (7% by weight)
food waste 10
paper 31
cardboard 3
plastics 5
textiles 2
vard waste 20
glags a
all other 12
tofal LOH)

The commumnity 18 considering implomaenting a reeyeoling
program for paper and cardboard with expected of-
fectiveness of T0% and 80%., respectively. Tf the pro-
gram achieves the expected effectiveness, the percent
by weight of yard waste in the waste stream would be
most nearly

(A) 23%
(B) 28%
(Q) 31%
(D) 36%

73. A solid waste transfor proposal is beine compared
to the existing direct haul operation. The characteris-
tics ol Lthe two systems are given in the following Lable.

value
compactor truck

semi-trallor

paraineter dircet haunl transter
capacity in volhamne 15 vd® 100 vd?
transler stalion

operal.ion cost $3/yd®
operation cost $40/ hr $a0/hr

The minimmm round trip time for which the semi-trailer
system wonld be more economical 1s most nearly

(A] 85 min
(B] 90 min
(C)y 95 min
(D) 100 min

T4 A mixed solid wasle, mass-fired energy recovery
plant-—comprised of a steam boiler, Lurbine, and gen-
crator—has the design values given in the table.

parameter vile

mixed solid waste throughpul 1H00 1.5, 1.1::-11:-;;'“{151,},5
energy value of mixed solid waste  AR0) Blu/lbm
slation service allowance

of total power produced A%
unaccounted-for heat loss

of total power produced 6%
boiler efficiency T2
turbine elliciency 28
electric generator efficiency 024,

The overall efliciency of the plant is mmost neaxly

19« A community water supply is contaminated with
MTBE and requires troatment to protect regidents. The
reference dose oral route for MTBE is 0.006 me/ke-d.
An adult has a body mass of 70 ke and an average daily
intake ol 2 L. For 120 d/vr exposure and complete ab-
sorption, the maximum water concentration to protect

an adult is most nearly

(A} 0.03 mg/L
(B} 0.36 mg/L
(C:) 0.53 mg/L
(D) 1.3 mg/L

76. Which of the following statements are Lrue regard-
ing solid fhazardous waste standards?

[. ROCRA Subtitle C addresses nonhazardous waste.
aldd RCRA Subtitle D addresses hazardonus wastes.

11. Landfills with a design capacity of 2.5 x 10" kg or
greater are subjoct to USIEPA landfill gas emission
regulalions.

111. USEDPA drinking water standards for maximuu
contaminant levels (MCLs) apply to groundwater
protection from sanitary landills only bevond the
propoerty hboundary.

1V. USEPA eriteria for sanitary landfills roguire in-
stallation of a composite liner system to intercept,
colleet, and remove any leachate that micrates
trom the landfll.

V. USEPA criteria require groundwater monitoring
for a samtary landfll.

(A) T,TI, V

B) LIV
() 11, T TV
M) T, IV, V
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77. An infiltration gallery intercepts groundwater and
nses the collected water for nnigation. The siratnm s
6 1 thick and consists ol clean sand and gravel wilh a
cocthicient of permesbility of 0.15 em/s. The diffusion
ditch to the gallery penelrates to the sole of the stratumn.
The water surface in the gallery is 0.5 m above the sole
of the stratum. and the gallery is 10 m horizontally from
the diffnsion ditch. The [low inw the gallery per meter
of length is masi nearly

diffusion ditch
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(A) 0.5 x 10 3 m?/m-s
(B) 1 x 107 m®/mn-s
(C) 2x10° m*/m=s
(D) 3x 107

i’ /m-s

78. Pumping iests for a homogeneous aguifer are con-
ducted as shown in the following (able. Assume the
drawdown compared to aquifer thickness is small, and
the length of time of the pumping test is relatively long,

paramctoer valie
duration of pumping test 3d
pumping rate 50 L/s
woll diameter 450 mzn
radius of mflucnce 300 1
elevation of top of aquifer 175 m

clevation of bottom of aguifer 35 m
water surlace elewation

at 300 m from well 100 m
drawdowsn in well 3.5 1m
clevation of sell screen 55 100

The cocthicient of permeability of the aguifer 1s most
nearly

(A) 200 x 107° m/s
(B) 400 x 107® m/s
(C) 600 x 10 © m/s
(TJ} 800 x 107°% 1 /s

79. A groundwater has the chemical analysis given in
the following table.

constituent concentralion
Cat? 50 ms g/l
Ng—? 38 mg /L
Na~ 9.7 mg/L
K~ 5.2 mg/L
Fe ™= .10 mg/L
HCOS 383 mg/L
SO;° 39 mg/1.
Cl— 36 mg/T.
¥ 0.2 mg/L
NO 2.2 mg/L
Si0)- 16 me /L
total dissolved solids 432 me/L
pH 7.0

The total hardness as Ca(’Oy of the waler is most nearly

(A) 380 mg/L
(B) 420 mg/

(C} 460 mg/L
(D) 500 mg/l.

B80. A soil of great depth and approximately uniform
permeability is to be drained with drains uniformly
spaced with inverts at 3.5 m below the water table.
The waler level in the drains will be al the crown of the
pipe. The average permcability of the sandy soil is 350
m/yr. and groundwater will flow radially to the drains.
I'or a drain length of 1200 m and a drain spacing of 100
ni, the total flow from each drain is most nearly

e 3
= B Frway,

T +
. - R LR AL =
FEEL oW

ﬂaw./ 300 mm \\_ﬁﬂw.-f

drain

(A) 0.015 m3/s
(B) 0.020 m3/s
(C) 0.025 m3/
(D) 0.030 m3 /s
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Geotechnical

81. A rigid foundation is supported by friction piles in
clay as shown in the following plan and elevation views.
The total load on the piles. rednced by the displaced
soil weight, is 2000 kN, The settlement of layer 2 is
maost nearly

eeeee
L A R R N
3.5m esene
esenn
4.5 m
, rigid cap
2000 kN /
onginal ground
silt vy = 18.5 kN/m? level {displaced
N\ by foundation)
20m}{ = '
i3
17.0m

(A) 12 mumn
(B) 17 muin
(C’} 21 nmun
(1D} 35 mm

82. A 250 mmn layer of soil bentonite will be placed
just beneath the geomembrane liner of a proposcd land-
fll. The soil bentonite layer will be placed in two 125
mm lifts, and the bentonite content will be 8% by dry
weight. It the compacled moist nnit weight of this soil

bentonite layer is 17.0 kN /m” with a meisture content of
18%, the amount of drv bentonite that must be spread
for mixing on each lift is most nearly

(A) 0.14 kN/m?
(B) 0.18 kN/m?
(C') 0.22 kN/m?
(D) 0.26 kN /m?

83. A landfill is 300 m x 400 m in plan. The clay liner
has a hydraulic conductivity of 6 x 10~7 cmn/s and ex-
periences an average anmal leachate head of 0.5 m as
shown. A subgrade drain (pore pressure is atmospheric)
lies below the clay liner. Assume onc-dimensional How
downward for the leachate. The annual sieadyv-state flow
rate from this landfll is most nearly

a4

0.5m ; e |leaechate

1.2 m

(A} 10* m®/vear
(B} 10* m*/vear
(C) 10° m*/vear
(D) 10° m?®/vear

84. The groundwater table on a project site (elevation
view shown) will be lowered 16.3 m. The groundwater
table is now at the ground surface. Assume a soil mois-
ture content of 11%: above the groundwater table once
it is lowered. After lowering, the settlement of the clay
layer will be most nearly
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(A) 0.10 m
(B) 0.20 m
(C) 0.30m
(D) 0.40 m

85. The permeability of a soil is evaluated in a falling-
head permeameter. The head decreases from 100 ciu to
50 cm in 21 mine 18 s. The body diameter is 10 cui, the
standpipe diameter is 0.25 cm, and the sample lenglh
is 6 em. 'I'he permeability of the soil is most nearly

(A) 1x 1077 cm/s
(B) 2x 1077 em/s
(C) 1x107%cm/s
(D) 2x 10 °® cm/s

86. A site consists of 25 m of clayey silt that is to
be consolidated for eventual placement of a large office
building. From a consolidation test with a soil sample
5.0 cm high, it has been determined that the time to
achieve 90% consolidation (of the soil sample) is 10 min
46 8. Assuming double drainage for both the samnple and
the clayey silt laver, how much time would be required
to achieve 9% consolidation of the 25 m clayey silt
layver?

(A) 1yr
(B) 2yr
(C) S5yr
(D) 15 yr

87. A clay laver 10 m thick (with double drainage} is
expected to have an nltimate settlement of 502 mm. If
the settlement in 5 yr is 124 wn, the remaining time it
will take to reach a settlement of 250 mnu is most nearly

(A) ¥t

(T} 10 yr
(C) 15 yr
(D} 20 vr

88. A\ smooth retaining wall holds back a umiforin sand
backfll as shown. The distance of the active resul-
tant force from the bottom of the retaining wall is most

neurlty

4 "'.'.:'-'-'.;-'i?fi_.-_-_"i R ~ sand te
el T =195 KN/m?
R “& =32 ._r:

11 _.IEI.%E?__ i .-_:.-:.-;.-........ _r_ o -.——.-.-..
':.:. r .,' .- ._:ll' -.:I. ¥ -': -'.-' ,.': : 'I i
I'?I'..;' '. ' A . :I- |:: . l:'l_- -' - 2 g T e ot
I-'.I-I;- ".I'?I '.-.::..;_ '.Irl'-"l."l
H TR Tm zu 3 kmm
yo e E T 5 '.%H-

(A) 29 m
(B) 3.3 m
(C) 3.8 m
(D) 4.5 m

89. A ioose, natural sand deposit has a satnrated unit
weight of 19.3 kN/m® and an angle of internal friction
of 29°. The water table is at the ground surface. The
total al-rest lateral earth pressure at a depth of 10 m is
most nearly

(A) R0 kPa
(B) 150 kD
(C) 210 kPa
(D} 240 kPa

90. An artificial reservoir holds a constant level of wa-
ter as shown. A compacted clay liner with the given
propertics is used to contain the water. The true water
velocity (pore velocity) through the clay liner is most
nearly
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2.25m

I-|-l—

K=25x10 Tmm/fs;
e =0.88

1.00 m

<

5.6 x 10 " mm/s
6.7 x 1077 mm/s
L2 x 10-°°% mm/s
STl L S

* min /s

— e e
e e A e L R

A
B
C
D

91. A sample of saturated clay has a total mass of
17433 g and a dry mass of 1287 g. The specific gravity
of thEr soil particles is 2.7. The total unit weight of this
s0il 18 most nearly

(A) 17.1 kN/m?
(B) 17.7 kN/m*
(C) 18.0 kN /m*
(D} 18.4 kN /"

92. A simootlh gravily retaining wall holds soil backfll
with properties as shown. Disregard passive earth pros-
sure. The vertical pressure at point A is most nearly

1.0 m

— 28 kN/m?
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(A} 100 kPa
(B} 120 kPa
(C) 126 kPa
(D) 140 kPa

893. A medinm uniform sand has the gradalion shawn.
The sand has a dry unit weight of 15.8 KN /i, and the
particles have a specific gravity of 2.65.

sieve size  percent [iner
sieve no. (I ) (hy mass)
T 2.00 1 30).0
20 1).550) 099.7
A0 15600 93.0
40 0.425 HhR.2
ol (33000 42.9
70 (0.212 .2
10 0.150 10.1
2010 (LOTS |.t}

The estimated cocthicient of permeability for this sand
15 most nearly

(A) 1.0 x 107 em/s
(Ti} 3.0 x 107 em/fs
() 6.0x10 3 em/s
(D} 4.0 x 1072 cm /s

94. The soil profile and the properties of each soil layer
beneath a reservoir are shown. The sandy layer at the
bottom of the soil profile hag horizontal drainage and
zero pore pressure. The water level of the reservorr iy
constant, and the total area ol the reservoir is 2000
Asgsuming vervical How through the soil profile, the
water loss from the reservoir in 6 mo is most aearly
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(A) 85 m?
(B) 94 m?3
(C} 1000 m®
(D) 1200 m?

95. A concrete dam impounds water. Using the flow
net shown, the pore pressure at point A is most nearly

elev 360 m
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(A} BO kDPa
(B} 105 kP’a
(C) 125 kPa
(D} 140 kPa

96. What is the effective arca of the rectangular foot-
g supporting a concentrated normal force as shown?

(A} 0.6 m?
(B) 1.8 m*
{€C) 24 m*

(D) 4.5 m?

97. A long wull footing that is 2 m wide is sitnated
on stiff, saturated clay. The depth of the footing is 1

The clay his a unit weight of 18.5 kN/mi?* and an
mndrained shear strength of 110 kPa. Loading is ap-
plied rapidly enough thal undrained conditions prevail
(¢ = 0).

UTse Terzaghi bearing capacity factors and the following
hearing capacity formula.

ult = EAL‘H’:H'{.'#I ’:n\'r[: _|_ q;‘ll-qnl }ll-qn', Nl?' -+ % ;}'I.-:;H }\F”I"'FB Jn‘I'T.-],.

The shape and depth factors arc

}‘qs = j'l';r:: =
A!:}d — ')‘-",:e:f =1
B‘ =
"4.‘5 = 1—|—ﬂ}.‘ftau (-‘154 i)
b :
}"t.‘fﬁ =14 [}279;' T (J::j G E)

The ultimate bearing capacity per meter length of foot-
mg s mosk nearly

{A) 300 kN/m
(B) 600 kN/m
(C} 1000 kN/m
(D) 1400 kN/m

98. A rock core is retrieved from a drill hole. The
length of the recovered core is 123 em. There are five
picces 10 em or more in length, and the picces have a
combined length of 89 em.

The rock quality designation for this core is most nearly

(A) 0%

(B) 38%
(C) 72%
(D) 138%

99. A 0.30 m diameter prestressed conercte pile has
been driven 6 m intc a dense sand deposit. The soil-pile
friction angle is 25°. The unit weight of the prestressed
concrete pile is 25 kN/w®, and the unit weight of the
sand is 20 kN/m®. Assume that the critical depth is
20 times the diameter of the pile, and that the hori-
zontal earth pressure coefficient for tension is 1.1. The
ultimate pullout load capuacity of the pile is most nearly

(A) 160 kN
(B) 170 kN
(C) 180 kN
(D) 190 kN
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100. A soil profile has the properties shown. The av-
crage permanent vertical pressure on the normally con-
solidated clay layer is expected to increase by 130 kPa.
The average effective overburden pressure at the iniddle
ol the clay layer is 240 kPa. The total prunary consoli-
dation settlement is most nearly

surcharge

1

watar "-"'.t;__ % i :_-_ S T =

(A} 100 mm
(B) 180 mm
(C) 190 mm
(D} 200 mm

101. The clay scili shown undergoes consolidation.
T'he percent consclidation at mid-depth of the clay 3 vr
alter loading is most nearly

6.0 m f‘ 2

(J\.] 30%
(B) 0%
(C) 70%
(D) 90%

102. A double-drained clay laver 20 m thick settles
18.2 e in 5 yr. The coefficient of consolidation for this
clay 15 4.3 x 1077 m?/s. The time required for the clay

layer to undergo 907 of i1s ultimate primary consolida-
tion scttlement amount is most nearly

(A) 4.2 vr
(B} 5.8 ¥r
(C) 6.3 ¥vr
(D) 7.2 ¥7

103. A clay soil is loaded as shown and indergoes con-
solidation. If one-dimensional loading is assumed, what
18 most nearly the excess pore water pressure at mid-
depth of the clay layer immediately after loading?

6.0 m

(A) U kPa

(B) 35 kPa
(C} 71 kPa
(D) 100 kPa

104. A soil has a wet unit weight of 17.6 kN/m?® and
a moisture content of 8%. The specific gravity of the
solid particles is 2.72. T'he degree of saturation is most
nearly

(A) 8%
(B) 14%
(C) 28%
(D) 34%

105. A soil has a grain size distribution as shown in
the sieve analysis chart. (See accompanving chart that
follows.]) The cocflicient of curvature for this soil is most
nearly

(A} 2.0
(B) 3.5
(C) 430
(D) 450
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Ut for Problem 105

sieve analysis
5 (U.S. standard sievel
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90 | % Lo
100 10 1 0.1 .01 0.001
1000 160 grain diameter {mm)
. : 80 kN
106. A bracoed cut in clay hasg pmpertl{::.fﬁ and dimen- Eg% 250 kN
sions as shown in the illustration. The hnr_mmt.al r_-uutt;;'- (C) 360 kN
to-center spacing of the struts is 4.0 m. The load on the {]j} iy
hottom strul (strui A) is most nearly -

108. A wall is supporting a horizontal force as shown.
Assume that the wall is smooth. The total force per
meter of wall that the soil can sustain is most nearls
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(D) 1000 kN i ‘ /1
=

(B) 395 kN /m

(C) 480 kN/m
107. A 10 1 long precast coucrete pile is installed into (D) 495 kN/m

homogencous saud. The pile cross ﬁL‘L’Ei(‘-I‘I'l is 2{1—1 mm ::

B i e O G D Aspoihinsd i e () N sl
‘he mter iIction the sand is 35°. Consi i

The mternal frictiou angle of

itiallv : ted sand 15 con-
: and sample. Initiaily, the satura
: TS oo . ML, he pile. If the QN & Sanc 1 all-arcund
" epth as 15 times the width of « 1 . _ T B Wi ot
:i::kf ]]::;ifu} coellicient is 1.6 and the soil-pile friction solidated 1;‘ Zﬂaﬁﬁfxﬁlﬁﬂdniuﬁ the cell pressurc, the
. . : : L T A0 ; . . 2 {} 0. : 3
. ‘) » total frictional resistance of the PATERIeg S 0 : utate.
hugle s ibg. Jhen th{;tt‘ il lﬁ . axial stress is increased 468 kPa. Under Lhis stress state,
ey sand 1% 10nost nearly
pile m the sand 15 1os 3
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the sample is at failure. The angle of internal friction
of the saanple is most nearly

(A) ©°
(B) 30°
(C) 33°
(D) 38°

110. A layer of sand has particles with a specific grav-
ity of 2.66 and a void ratio of 0.62. The buoyant unit
weight of the sand is most nearly

(A) 10 kKN/m?
(B) 11 kN/m?®
(C) 12 kN/m3
(D) 20 kN/m?

111. A conlinuous wall footing 1.5 m wide supports a
load of 596 kN/m. The unit meight of the soil beneath
the fonndation is 18.6 kN/m®. The soil has a cohesion
of 14 kI’a and an angle of internal friction of 25°. If
the footing is placed near the gronud surface, and if the
Terzaghi bearing capacity tactors and [orinula are used,
the Ewtor of safety against bearing capacity [ailure is
most nearly

(A) 0.8
(B) 1.2
(C) 1.8
(D) 2.8

112. A dry sand sample is tested in a direct shear box
with a normal stress of 100 kPa. Tailure occurs at a
shear stress of 63.4 kPa. The size of the tested sample
is 6 cm x 6 em x 3 em (height), For a normal stress
ol 7h kPa. what shear force would be required to cause
failure in the saanple?

(A) 0.17 kN
(B) 0.37 kN
(C) 2.8 kN
(D) 48 kN

113. An unconfined-undrained compression test is con-
ducted on a clay soil sample that had an mitial height
of 9.1 cm and an mitial diameter of 4.0 em. The axial
load at failure is 0.43 kN. and the corresponding height
is 8.67 cm. The undrained shear strength of this clay is
most neatly

{A) 80 kPa

(B) 160 kP’a
(C) 180 kPa
(D) 320 kI’a

114. A consolidated-drained test is performed on a
normally consolidated clay. The chamber confining pres-
surc is 280 kPa. and the deviator stress at fatlure is 410
kI’a. Assume that the normally consclidated clay has
1o drained cohesion {¢’ -. (). The shear stress on the
[ailure plane is mast nearly

(A) 190 kPa
(B) 300 kPa
(C) 3x0 kPa
(D) 580 kPa

115. A sand has a minimum void ratio of 0.41 and a
maximurn void ralio of 0.78. Its dry unit weight is 16.5
kN/m®. If the specific gravity of the solids is 2.65, the
relative density of this sand is most nearly

(A) 0.40
(B) 0.55
(C) 0.65
(D) 0.80

116. A soil has the following properties.

liquid limit 10
plasticity index 13
percent passing no. 10 siecve  98%
percent passing no. 40 sicve 87%
percent passing no. 200 sieve  45%

The AASHTO classification and group index number is
maost nearly

(A) A-5(3)
(B3) Aﬁ(l}
(C) A
(D)

A?ﬁ

117. Classify a soil with the following characteristics
using the Unihed Seil Classification System (USCS).

hqgud himit D
plastic lnit 20

£ oui i2
C. 1.5
percent passing 1 in sieve 100%
percent passing no. 1 sieve 987%

percent passing no. 40 sieve  45%
percent passing no. 200 sieve  26%

(A) SC
(B) SW
(C) SP
(D) 8M
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118. The active pressurc on the sheet pile wall shown
is in equilibrium with the passive pressure and the an-
chor force. Assume Lhat the sheet pile is smooth and
that the resultant force acting on the passive side is hor-
izontal and acting at point C as shown. The value of
the force per meter length of wall is most nearly

anchor
tie rod
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119. A mat foundation i3 20 m x 31 m in plan. The
total dead and live load is 33 540 kN. The depth needed
for o fully compensated fonndation is most nearly
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A) 080 m
By 2.4 m
(C) 3.0m
(D} 35 m

120. A concrete retaining wall has the specifications
shown. If passive resistance is ignored. the factor of

safety against sliding is most nearly
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Afternoon Session
Structural

121. A two-lane highway bridge is constructed using
precast concrete girders spaced T [t on center. The gird-
ors arce simply supported and span 60 ft. The weight of
sirders and deck is such that the dead load bending mo-
ment at the critical location for bending moment s 5K
ft-kips. I the bridagc is designed for AASHTO HS20-
11 loading using load factor design. the design hending
moient at the eritical location is most nearly

(A} 400 ft-kips
(B} 1000 ft-kips
(C) 1800 ft-kips
(D) 2100 ft-kips

122. A rigid diaphragin transfers a lateral wind force
of 0.4 kips/ft into a system of shearwalls whose relative
rigidities against forees i the north direction are shown
in the plan. The force in wall A of the systemn is most
nearly

» 120 ft 4z 40 fi o
wall B
ﬂ
f Fwallﬂh wallD% waIIEE
o8 '_ (4R) (2R} (3R
wall C T
' {__ﬁ'} § i 3
i
T T T
0.4 Kips/ft

(A) 15 kips
(B) 22 kips
(1) 27 Kkips
(D) 33 kips

123. The roof framing of a single story comimercial
building consists of wood joists supported by timber
beams and sheathed with a properly nailed and block-
ed plvwood diaphragm. Scismic lateral forces for NS
ground motion are shown. Assume sufficiently rigid ply-
wood shearwalls 14 ft high and 24 ft long are con-
structed at lines 1, 2, and 3. The axial compression
and tension [orces in the shearwall boundary members
at line 2 under the given lnadings arc most pearly

% 100 ft o 80 ft _T
24 ft] %
l E 1 L :

ha ft 0 0 L) £

plywood diaphragm T
: ] N
T T
240 |bf/
" 3C0 Ibifdt

(A) 10 kips
(3} 12 kips
(C) 16 kips
(D) 20 kips

124. A two-story building is 14 [t {rom ground to sce-
ond floor and 12 ft from sccond floor to rool. The ex-
terior wall projects 3 ft. above Lhe roof level to create
a parapct. The exterior wall weighs 15 psf. the second
floor dead load 1s 30 pst, and the roofl dead load is 20 psf.
The building is wood framed with plywood diaphragms
and shearwally resisting all laleral forces. The building
15 situated in sciswic performance calegory D, whero
the design spectral response acceleration af short perl-
ods is 0.6, the design spectral response acccleration at
one second period is 0.2, and the importance factor for
seismic response 18 1.0, Assume the building qualifies
as a building [raune svstem with light-frame walls with
shear pancls. The seismic base shear for NS ground
motion by the static force procedure of the IBC, on a
working load basis, is most nearly

120 ft

-
bk nab] m—
i

sy —L

\
TIREARAES

plywood diaphragm T
N

| [
ARSARARAAAAN
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(A} 25 kips
(B) 45 kips
(C) 65 kips
(D} 80 kips

125. An 8 in thick bridge deck is made of reinforced
normal weight conerere. It is supported by steel girders
spaced 8.5 ft on center, with Mange widths of 1 fi. The
bending momcut. per foot of widih, for dead weight of
the slab is 1 {i-kip/ft at the critical location. Tf the
bridge is 1o be designed using load laclor design for an
AASITTO HS 20 loading. and Lhe slub is continuous
over three or morc spaus, the design bending moment
per foot width of slab is most nearly

1 # typical ) -

85h

(A) 6 ft-kips/ft
(B) & ft-kips/ft
(C) 10 [t-kips/ft
(1)) 12 ft-kips/ft

126. The circular shaft shown is subjected to an axial
tension force f? at ity free end and a compressive foree
of 50 kips at point B. Note thal ithe shaft is hollow
between points A und B. The allowable normal tension
stress is 22 ksi, the modulus of elasticity is 29,000 ksi,
and the waxirmnn allowable elongation is 0.04 in. The
maxinmum allowable viadne of P is most nearly

0.75 in
5
A ! B - 4
-t T T T T 50 kips -3in
P ! N
’ N K 1
20 in 30 in

{A) 90 kips

(B) 120 kips
{C) 130 kips
(D) 170 kips

127. The compound beam shown Lias an internal hinge
(M — 0) at point B and is simply supported on hinges
or rollers at points A. C, and E. The ordinate of the
influence line for the bending moment at point D. which
is 12 ft to the right of support C. is most nearly

(4) 1 fi-kips/kip
(B) 3 [i-kips/kip
[(') D ff*kii.hfk_lp
(D} 7 ft-kips/kip

128. A beam is simply supported over a 22 ft span and
overhangs the lefl support 8 ft. Uniformly distributed
dead loading of 2 kips/ft and live loading of 3 kips/IL
are applied. The live load is positioned to prodnce max-
imnm shear, The absolute maximum shear foree at a
point tidway between the simple supports (point BY)
is most nearly

A B B C
8h 1M# |
n 22 ft ]

(A} 10 kips
(3) 16 kips
(C) 20 kips
(D) 39 kips

129. For the truss shown, the modulns of elasticity for
all members is 29,000 ksi. The cross-sectional area of
the members is 8 in®. The horizontal deflection at joint
D of the fruss is most nearly

20 ft

10 ft

15 ft
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(A} 0.0]1in
(B) 0.02 in
(C} 0.04 in
(D} 0.08 im

130. In the frame shown, the centroidal arca mowent
of inertia for cach leg is 650 in*. The modnlus of clastic-
ity of steel reinforcement is 29.000 kips/in®. Neglecting
axial and shear deforination, the connterclockwise rota-
tion at joint C is mnost nearly

4 kips/ft

ididdle

A

20 fi

{A) 0.001 radians
(B) 0.004 radians
() 0.008 radians
(D) 0.01 radians

131. A pile group consists of 16 piles of the same size
and type symmetrically arranged as shown., The group
supports a vertical compressive lorce, £, of 800 kips
al an eccentricity of 1.2 ft with respect to the cenfroid
about one principal axis and 1.6 ft about the other prin-
cipal axis. The maximum axial compression in a pile
caused by this loading is most ncarly

8 ft
- L 3
1.2 ft
e
T * o b el —+P = 800 kips
| xA i
. e Q-!_-;'l-' 1.6 ft
e
2 ft v
Y ® . ®
B A N . . *

(A) 50 kips
{B) 60 kips
(C) 80 kips
(D} 90 kips

132. The plane truss shown is properly classified as

F H J

(A} statically determinaie and stable

(B) statically determinate and unsiable

(C) statically indeterminate to the 1st degree
(D} statically indeterminate to the Znd degree

133. The two-span continuous beam shown is subject
to a uniformly distributed load of 3.5 kips/fi over both
spans. Support B experiences z differential settlement
of 0.5 in downward relative to supports A and C. The
beam has a moment of inertia of 1630 in? and modulus
of elasticity of 29,000 kips/in® in both spans. The reac-
tion at B3 caused hy the uniform load and the differential
settlement is most nearly

3.5 kips/it

O T

= Py & P E

T e
-_—-——-"-._

307t 30 fit

A

s

—
—
1
e —

(A) 110 kips
(B) 120 kips
(C) 130 kips
(D) 144 kips

134. The three-span continuous steel beam shown i1s
to be analyzed for the ultimate (i.e., factored) concen-
trated forces of 25 kips at the midpoint of each span.
Negleoting meruber weight and assuming that strength
is controlled by the formation ol plastic hinges af critical
locations, the required moment capacity is most pearly

25 kips 25 kips 25 kips

R R N

A S 7-'% l é e '?;!;%f

12 ft 14 ft 12 #
24 ft 28 ft 24 fit
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(A) 70 fi-kips
(B) 80 ft-kips
(C') 90 fi-kips
(D) 100 ft-kips

135. A 0.5 kip weight is dropped from rest from 4 fL
above an initially straight, siply supported beam and
contacts the beam at midspan. The beamn is a steel
section with & moment of inertia of 1600 in* about its
axis of bending., Assuming linear elastic behavior, ne-
gleeting shear deformation, and considering the weight.
as a1 equivalent concentrated force av the midspan, the
maximuin foree exerted on the beam i1s most pearly

0.5 kips

4 fi

i. 8 ft

16 ft

(A} 10 kips
(B} 20 kips
(C) 70 kips
(D) 120 kips

136. An clevated bulk storage bin weighs & total o 30
kips when filled to capacity. The bin can be idealized
as a vertical cantilever supported by four steel columns
that are fixed at the base and top. Fach column has a
moment of inertia about its axis of bending of 800 in*
and is 16 ft long. The modulus of clasticity of steel is
29,000 kips/in®. Assiming linear elastic behavior, the
natural period of vibration for undamped lateral motion
of the bin is most nearly

L]
I
et
S & - b g’
SRl =;ﬁ:;5f?¥3$55a§s-
Seiind
B TRt R T A
'.-'- -
- ]"J-i.nl-i
2
;

“Hi'n"wur.
FAECFEFE S TRE §
STHFPEF S s 2%

16 ft

P - A

(A) 0.15 sec
(B} 0.3 sce
(C) 0.5 sec
(D} 0.8 sec

$37. A normal weight prestressed concrefe pile con-
tains four /2 in diameter, 270 ksi, concentrically placed
strands that have a 3500 psi rompressive stress at re-
lease of prestress. Strands are pretensioned to 200 ksi
each immediately before being cut. The scetion Is a
solid 12 in x 12 in grows cross scetion. The loss of the
prestress due to elastic shortening m this member is
most nearly

(A) 5 Kips/in®
(B) 7 kips/in®
() 8 kips/in?
(D) 9 kips/in®

138. A thin-walled stecl pipe Lransports water at a
pressure of 80 1bf/in?. There is negligible restraint to
the pipe in ity longitudinal direction. If the pipe outside
diameter is 60 in and the wall thickness is %s in, the
change in pipe diamcter caused by the internal pressure
is most nearly

(A} 0.005 in
(B) 0.013 in
(C) 0.021 in
(D) 0.025 in

139. A steel column section is built by welding two
plates 10 i wide by 5/ in thick Lo the flanges of a W12 %
106 to form a doubly symmetrical secltion. The radius
of gvration of the built-up scction with respect to its
major principal axis is most nearly

o plate

(A} 5.9in
(B} 6.2 m
(C} 7.1in
(D} 7.9 in

140. A W21 x 35 has coverplates 8 in wide by '/ in
thick svinmetrically placed and welded to its top and
bottomn flanges. The section is subjected to a vertical
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shear foree of 95 kips. Assuming linearly clastic behav-
ior, the horizontal shear How between the cover plate
and Hange is most neariy

PL8 X ‘*"z

L ]
il i e

X
VW24 X bh
::
7
::.':-I
“
i\
77 7 77

[ P i

PLB x '1&

(A) 2 kips/in
(B) 3 kips/in
{C) 5 kips/in
(D) & kips/in

141. A reinforced concrete reraining wall is backfilled
with a granular material that exerts an active earth
pressurc cquivalent to a 45 Ibf/[i* fluid. The backfill
18 level withont a surcharge, and the stemn extends ver-
tically from the top of the backfill 13 ft to the top of
the wall Tooting. The concrele is normal weight with
specified compressive strength of 4000 psi, and grade
60 rebars are specified. The lexural steel pereentage 1s
specified to be .01, The required arca of reinforcing
gtecl at the bottom of the stem is most nearly

(A) 0.530 in?/ft
(B} 0.70 in*/ft
(') 0.80in?/ft
(D) 0.90 in?/ft

142. bor normal weiglit concrete used in reinforced
concrete siruectuves that will be exposced to seawater,
rhe nizoamum water-to-cementitions-materials ralio. by
weight, is required to be

(A) 0.35
(B} 0.40
(C) 045
(D) 0.50

143. A reinflorced conercte beamn has a trough in the
compression region as shown. Concrete is normal weight

with specified compressive strength of 4000 psi, and
grade 6, no. 11 rebars are specified. Given that the
steel vields when flexural failure occurs, the strain in
the tension reinforeemoent when Lhe compression strain
in concreie reaches the ultimate value of 0.003 1s most
nearly

- 18 in e
%
- 10in - - 4in |
f
28 in
no, 11 rebars | ,;
000 O

(A) 0.004
(B) 0.005
(C) 0.006
(D} 0.007

144. A reinforced concrete column has three no. 9 re-
bars in each face as shown. The concrete is normal
weight with specilied compressive strength of 6000 psi,
and rebars arc grade 60, Under balanced strain condi-
Lions, the total compression force in the three rebars on
the compression side is most nearly

no. 9 rebars — :5 o
e o o

19in

no. 9 rebars — | - |
e o o

2.5 1n

16 In
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(A) 60 kips
(B) 90 kips
(C) 120 kipy
(D} 180 kips

145. A rcintorced concrete tied column is subjeeted
to a design axial compression foree of 1090 kips that is
concentrically applied. Slenderness effects are negligible,
and the cohunn is to be designed using ACI 318, Given
a specified compressive strength of 5000 psi, grade 60
rehars, and a specified longitudinal steel ratio of 0.02,
the smallest synare columin that will support the load
has sides that are most nearly how wide?

(A} 12 in
(3) 16 in
(C) 20in
(D) 24in

146. A reinforced concrete ticd columa is subjected
to a design axial compression foree of 875 kips and a
design bending mwoment about ifs strong axis of 175
ft-kips. The column’s cross section measures 20 in x
18 in. specified cowpressive strength is 1000 psi, steel
is grade 60. and the distance from cdge of column to
center of steel in each tace is 3 in. The required area of
longitudinal steel is most nearly

(A) 4.0 in?
(B} 80 in?
(C) 12 in?
(D) 16 in?

147. A reinforeed concrere corbel is to be designed to
support a factored vertical reaction of 66 kips at an
eccentricity of 6 in, measured from the face of the sup-
porting column. The corbel is cast monolithically with
the colwun, which is 16 in wide, and is of normal weight
concrete with a specified compressive strength of 5000
psi and reinlorecd with grade 60 rebars. The required
area of the primary steel reinforcement in the corbel, in
accordance with ACI 318, is most nearly

66 kips : '\’
Bin | i

16 in

(A) 1.05 in?
(B) 1.25 in2
(C) 1.45 in?
(D} 1.65 in®

148. A comnbined footing constructed of normal weight
reinforced concrete is subjected to concentrated forces
from colutnn reactions as shown. The columns are 12 in
» 12 in, and the footing is 2 ft thick. The maximum
bearing pressure bencath the footing, including the foot-
ing weight, is most ncarly

26 ft
o -
_ﬂ[‘ 0.5 ft i
ke
Bl B e E'
400 kips 200 kips

¢
2+ﬂ T q

f elevation

(A) 3 kips/ft?
(B) 4 kips/ft?
(C) 5 kips/ft?
(D) 6 kips/ft?

149. The cantilevered retaining wall shown retains soil
with a unit weight of 100 Ibf/ft” that exerts active carth
pressure equivalent to that of a fluid with unit weisht
35 1bf/ft®. Concrete is normal weight. The factor of
safety against overturning is most nearly
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35ft 2ft

Bt

i --'5"}";.'/ . Vi
15+ L A
L / 'r"}%//:f = N

(A)
(B)
(C)
(D)

fd e

M e

150. A rectangular beam is pretensioned using six '/z
in diameter grade 270 strands positioned as shown. The
beam is nominally 40 fv long. The concrete is light-
weight with o unit weight of 110 Ib/it* and compressive
strength of 3500 psi at time of release. The prestress is
200 kips/in® before release and is 180 kips/in® imme-
diately after releage. 'I'he area of prestressed reinforce-
ment is (6)(0.153 in?), or 0.918 in?. The initial midspan
npward cainher in the beam is most nearly

14 in

34 1n

' eoos0ee

'ZF

(A) 0.2 1in
(B) 0.5 in
(C) 0.7in
(D) 0.9 in

151. A two-span post-tensioned concrete beam has an
cffective prestress of 280 kips in the idealized profile
shown. The rigidity of ithe member is 250 x 10°% kips-
in®. The secondary downward reaction at support B

induced by the prestress is most nearly

28C kips

{not to scale)

(A) 3 kips
(B) 6 kips
{C) 9 kips
(D) 10 kips

152. The steel plate girder shown is compact against
local buckling in A36 steel. The plastic moment eapac-
ity of the section for bending about its strong axis is
most nearly

1.5in 16 in

h i
b

S05in
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(A} 2200 fr-kips
(B} 2700 ft-kips
(C} 3300 ft-kips
(D} 3900 [t-kips

153. A steel W-section is uniformly loaded to produce
bending about its strong axis. The beam supports a
uniformly distribuled service dead load of 2.5 kips/ft
and a scrvice live load of 1.8 kips/ft on a 36 ft simple
span. Given that the beatn ix laterally supported only
at the ends and at midspan. the maximuam value of the
bending coefficient that mav be applied for this beam
is most ncarly

ASD option

(A) 1.2
(B} 1.4
(C) 16
(M) 1.8

LRFD option

(A) 1.0
(B) 1.1
(C) 1.2
(D) 1.3

154. Two 1.4 X 4 x 3¥s are welded back to back to
u gusset plate of A36 steel using /4 in E70 electrades.
The mmimum thickness of the gusset plate that will
develop the strength of the two welds is most nearly

}f
.
=

ASD option
(A} 0.3 in
(B) 04 in
(C)} 0.5 in
(D} 0.6 in

LRFD option

(A) 0.2 in
(B) 0.3 in
(C) 04 in
(D) 0.6 in

155. A WU X 49 member of AD92 steel is punched
for end connections using %4 in diameter bolts through
the flanges and web as shown, Assuming there arc at
least three bolts in the direction of stress, the allowable
axial teusile force permitted by the AISC specification
is most nearly

R

#
e R

ASD option

{A) 350 kips
(B) 390 kips
(C) 430 kips
{D) 520 kips

LRFD option

(A) 510 kips
{B) 580 kips
(C) 650 kips
(D) 690 kips

156. A built-up compression member considts of two
C12 x 30 symnmetrically arranged and joined by two
PLY2 x 11, one on cach side. The member is used as
a column. loaded concentrically, with effective lengths
of 22 ft about the z-axis and 24 ft about the y-axis. If
A 36 steel is used. the design load for the column is most

nearly
Ciz2xMnm YT

R T2 7 7 7
%
4
Z
]

F'L"',i'i 3 13

e

12 in

\.1xn\xwgumxxxx‘i'x‘hh‘x\‘ih\\1\\\‘ﬁ
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F
3
e e L T R o
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ASD option

(A) 530 kips
(B) 600 kips
(C) 630 kips
(D) 700 kips

LRFD option

(A) 800 kips
(B) &30 kips
(C) 900 kips
(D) 950 kips

157. A 21F glulam timber beamn (with adjusted allow-
able bending stress of 2100 psi) spans 32 ft and is sim-
ply supported. The beam is braced laierally along its
compression flange for half its length, but is not braced
laterally over the other Lhalf, exeept at the support at
the end of the beam. The beam is constructed using vi-
sually graded lunber and is 5%/ in wide by 22.5 in decp.
It is subjected to loads of normal duration {(i.c.. 10 yx
cumulative duration) and envirommnental conditions sat-
1stving dry use. The elastic modulus with respect to the
weak axis is 1.6 x 10° psi. The maximum bending mo-
ment thal can be resisted by this member, based on the
NDS, is most nearly

lateral brace

ﬂ" — P
-'_-_-"'"-—..__‘_.____,_-
__Ey__-_-_-_‘-“‘ -.‘-F'_._._'_._'_,——

(A) 60 ft-kips
(B) 70 ft- Kips
(C) 80 [L-kips
(D) 90 ft-kips

158. A diaphragm is constructed nsing Structural |
grade plywood nailed to 2 in nominal wide [raming
in the pattern shown. The diaphragm st transfer
lateral service wind of 320 1bf/ft to three shearwalls.
The plywood thickness and nail pattern are adequale
to transfer the maximum shear as a blocked diaphragm,
and the plywood can transfer 240 Ibf/ft as an unblocked
diaphragm (with fasteners al their maximum spacing).
The largest region between walls B and C (as measured
from cither side) over which an unblocked diaphragm is
adeguate is most nearly

80 ft

120 fi

=g i

wall A

-l E

/WEHB wall C
T
| |

ST

40 ft

S
1

T

320 Ibfift

plan

{A) 10 [t o 110 ft
(B) 20 ft w0 100 R
(C) 30 ft to 90 ft
(D) 50 ft 1o 70 ft

159. A rcinforced concrete masonry wall spans ver-
ticallv 15 ft 4 in from the first fioor to the roof. The
wall 1s non-load-bearing and is governed by a wind pres-
sure of 20 Ibf/ft? acting inward or outward. The wall
has a specihoed compressive strength of masonry of 1500
Ibf/in® with special inspection, nominal 8 in masonry
units gronted solid. grade 60 rebars, amd bars centered
in the wall. The required area of flexural reinforeement
per foot of wall by TBC allowable stress design is most
nearly

15 ft 4 in - 20 |bf/ft

(A) 0.06 in® /ft
(B) 0.07 in?*/ft
(C) 0.08 in?/ft
(D) 0.09 in?/ft
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160. A W21 x 93 sieel girder supporiing a traveling
crane is strengthened by welding %% in coverplates to
top and bottom flanges using ¥4 m E70 fillet welds. The
welds are contimions and include transverse welds at the
terminalion points, which oceur 3 ft from each end of
the girder. The girder is expected to experience approx-
imately 50 applications of maximnm stress daily during
its design life of 25 yr. For these conditions. the stress
range in Lhic tension flange adjacent to the termination
point is limilted by the AISC specification to

%, in coverpiate

(A) 9 kips/in*

(B) 12 kips/in®
(C) 19 kips/in®
(D) 21 kips/in®
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Afternoon Session
Transportation

161. The circular curve shown represents the center-
line of a two-lane rural highway that passes through
level surrcundings. The highway has 12 ft lanes and 6
ft shoulders. The are basis degree of curvature 1s 2°,
and the design speed is 10 mph. The point of inter-
section (PT) is located at 423.968.68 N, 268,236.42 E.
What arc most nearly the coordinates of the point of
tangeul (PT)?

Pl

15’ 18 E N54°55.
M

inct to scalel

(A) 424,297.26 N, 268.715.97 E
(B) 424,298.78 N, 268,706.80 E
(C) 424,300.47 N, 268.707.33 E
(D} 424,R97.66 N, 268,136.44 E

162. Two tangents are counected by a cireular eurve
as shown. The eirenlar curve represents the centerline
ot a two-lane rural highway that passes through level
surroundings. The highway has 12 ft Janes with 6 ft
shoulders.  The curve degree of curvature is 2°, and
the design speed is 40 mph. What is most nearly ithe
bearing of the radiug line meeting the curve at T

Pl

04518 E NE#EEE’E-:I
s N32 E BT

{nat to scale)

(A) N 35°3'36” E
(B} N 54°5624" E
(C) S 34°2'16" &
(D) S 35°3'36” E

163. The centerline of a two-lane rural highway in-
cludes a circular curve as shown. The highway has 12 ft
lanes with 6 ft shoulders. The eurve degree of curvature
is 2°, and the design speed is 40 mph. The curve is in
ihe vicinily of an established Civil War cemetery. The
point on the curve closest (o Lthe corner of the cemetery

has coordinates 424,180.59 N and 268.549.70 E. What
is most nearly the distance [rom the curve to the corner
of the cemetery?

Pl N 42423972 N

268.249869 E
(closest point
PC PT to road]

{not to scale)

(A) 77.5 ft
(B) TT.8ft
(C) 78.1 ft
(D) 78.4 ft

164. A circular curve is designed as part of a two-lane
rural highway that passes through level surroundings.
The highway will have 12 ft lanes with 6 ft shoulders.
The design speed is 40 mph and the curve degree of
curvature is 2° A reasonable recommendation of the
resulting rate of supcrelevation is most nearly

(A) 0.02 /5
(B) 0.03 ft/ft
(C) 0.06 ft/ft
(D) 0.08 ft/ft

165. A rural two-lane highway passes through level
terrain. The highway has 12 [i lanes with 6 f& shoul-
ders. The design speed is 10 mph. What is most nearly
the approxnnate minimum reguired stopping sight dis-
tance?

{A) 92§
(B} 160 ft
(C) 310 ft
{D) 450 ft
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166. The conterline of a circular eurve in a two-lane
roadway is shown. Fach lane is 12 ft wide. There is
no shoulder. The PC station is sta 124+40. The curve
radius is 2080 ft. The interior angle is 60°. What is
most nearly the PT station?

{not to scale)

(A) sta 24438
(B) sta 22+18
(C) sta 34+18
(D) sta 48418

167. A two-lane roadway is to be superelevated around
a circular curve as shown. The axis of rotation will be
the centerline. The criteria for the superelevation rate
and runoff length are given in the following table. Tan-
gent runouts are twice the ranoff lengths listed. Each
lane is 12 [t wide, and there is no shoulder. The PC sta-
tion is sta 12-+41). The curve radins is 2080 ft, and the
interior angle is 60°. What is most nearly the station
of the beginning of superelevation transition?

{not to scale)

runofl in the curve

curve radius  superelevation {ft)

(ft) (ft/ft) 2lancs 4 lanes
22,920 NC 0 0
11,460 NC 0 0

7640 RC 0 0

H730 0.020 150 150

3820 0.028 1510} 150

2865 0.035 150 150

2290 0.040 150 150

1910 0.045 150 160

1640 0.048 150 170

1430 0.052 156 150)

1145 0.056 150} 200

955 (.059 150 210

(A) sta 6+40
(B) sta 9440
(C) sta 11+10
(D} sta 11480

168. A two-lane roadway includes a circular curve as
shown. Each lane is 12 ft wide. and there is ne shoul-
der. The curve length is 2000 ft. and the PC station
is sta 13450. The roadway is superclevated around the
curve. The axis of rotation is at the centerline. The rate
of superclevation is 0.045 ft /ft. and the runoff length in
the curve is 150 ft. The roadway profile is on a constant
uphill grade of 0.750%. The elevation of the centerline
at the PC is 170 ft. What is most nearly the cleva-
tion of the outside (higher) edge of the roadway at the
midpoint along the curve?

inot to scale}

(A) 170 fi
(B) 176 ft
(C) 177 1t
(D) 178 fi
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169. The following traffic volume counts were taken
on a road during the peak hour.

time period volume (veh)

4:30 4:45 pan. 195
4:46 5:00 p.m. 163
5:01 5:15 p.m. 157
516 5:30 p.n. 178

The peak hour factor (PHF) is most nearly

(A) 0.28
(B) 0.89
(C) 0.97
(D) L0

170. A six-lane rural frecway has an ideal free-flow
speed of 70 mph. Each lane 1s 12 ft wide. A lew sec-
tions have grades greater than 3%, but none of these
seetions are longer than Y4 mi. The directional weekday
volnme is 2500 vph in one direetion and is mostly com-
muter traffic. The (raflic stream consists of 14% trucks,
8% buscs, and 4% recreational vehicles. The peak hour
factor from previous volume studies is 0.85, The 15 min
passenger car equivalent flow rate, under the prevailing
conditions described. is most nearly

(A} 1100 pephpl
(B) 1110 pephpl
(C) 1170 pephpl
(D} 1190 pephpl

171. An cight-lane {reeway near an urban area has an
ideal 65 wph free-flow speed. There is an interchange
approximately every 2 mi. BEach lane is 11 ft wide. The
minimum clear distance belween overpass abutments,
curve rails, and other roadside obstructions is 2 {4 on
both sheoulders. A recent traffie study estimated the
15 min passenger car equivalent flow rate to be 1667
pephpl. What is most nearly the level of service {(LOS)
at which the freeway is operating?

(A} LOS B
(B) LOS C
(C) LOSD
(D) LOSE

172. A new freeway with an ideal 70 mph free-flow
speed is being designed. The freeway will pass through
level terraitt in suburban areas. The interchange fro-
quency will be approximately one per mile, A trafhe
study cstimates the 15 min passenger car equivalent
flow rate to be 1874 pephipl based on a six-lane frecway.
What is most nearly the minimum number of launes in

each direction needed to provide level of service (LOS)
C?

(A} 2
(B} 3
(C) 4
(D) 5

173. A six-lane freeway with an ideal 60 mph froe-
flow speed passes through rural areas. A traffic study
estimates the current 15 min passenger car equivalent
flow rate to be 1900 pcphpl. The flow rate is expected
to grow at a rate of 5% per year. What is most nearly
the nuraber of years before the freeway starts operating
at capacity?

(A} 1wr
(B) 2yr
(C) 3yr
{D} 4 yr

174. The approach tangent to an equal-tangent ver-
tical curve has » slope of +3%. The slope of the de-
parture tangent is —2%,. These two Langents intorsect
at sta 26400 and elevation 231.00 ft. A sct of subway
rails passes below and perpendicular to the curve at sta
28450 on the departure side. The maximmnn elevation
of the railbed at that point is 195.00 ft. The length of
the vertical curve is 16.48 sta. What is most ncarly the
minimum distance between the railbed and the roadway
surface?

I track
| centerline

BVC — 2%
minirmum
T3% distance
T Z/xailbed” /7 77 2

{not to scale)

(A) 5.0 ft
(B) 17 ft
(C) 26 &
(D) 33 ft

175. A rural collector highway includes a crest vertical
enrve designed to connect a 2% grade with a —6% grade.
The two vertical tangents intersect at sta 32+40.52 and
elevation 456.61 ft. The design speed is 55 mph, and the
actual traffic speeds are expected to be close to the de
sign speed. What is most nearly the minimnum length of
the vertical curve for minimum stopping sight distance?
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BVC VC

+2% —B6%
(not 1o scale)

(A) 300 ft
(B) 500 [i
(C) 700 fi,
(D) 900 ft

176. A vertical curve connects two tangents. The ap-
proach tangent has a slope of +3%. The slope of the
departure tangent is —2%. These two tangents inter-
sect at sta 26400 and elevation 231.00 ft. If the length
of the vertical curve is 16.48 sta, what is most nearly
the elevation of the EVCY

v

EVC

BVC - 2%

+3%

(A) 100 ft
(B) 200 ft
(C) 210
(D) 250

177. A four-lane highway runs north-south and passes
through suburban arcas. The preliminary design of
the north-bound lanes includes a vertical curve with
a length of 22.00 sta. The curve connects a +3% grade
with a —5% grade. The two vertical tangents inter-
sect at sta 91+70 and clevation 1453.61 ft. The design
speed is 65 mph. What is most nearly the station of
the highest point on the curve the turning point?

V

BVC EVC

+3% —3%
{not to scale}

(A) sta 77495
(B) sta 88495
(C) sta 94+45
(D) sta 99495

178. A two-lane highway is planned for a rural area.
The horizontal lavout of the highway includes four sim-
ple curves. The design criteria for the simple curves
include a design specd of 60 mph and a rate of supercl-
evation of 0.1. One of the simple curves shown is 1000
ft long with a radius of 1100 ft. The simple curve cot-
nects two tangeunts that detect al an angle of 45” and
intersect at sta 1500400. What is most nearly the dis-
tance from the point of intersection of the two tangents
(vertex) to the midpoint of the curve?

{not to scale}

(A) 82 ft
(B) 84 ft
(C) 91t
(D) 480 &

179. The vertical alignment of a four-lane rural high-
way includes the vertical curve shown, which connecis
a —4% grade and a +1% grade. The point of vertical
intersection of the grades occury at sta 28430 and has
an elevation of 2231.31 ft. The design speed is 70 mph,
and the length of the curve is 900 fi. Whal is wost
nearly the elevation of the lowest point on Lhe curve
{the turning point)?

(A) 2221 &
(B) 2231 ft
(C) 2233
(D) 2235 ft
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180. A 7 mi rural two-lane highway carries a two-way
volume of 1100 vph. The highway passes through roll-
ing terrain. The design includes 11 ft lanes, 4 ft paved
shoulders, 40% no-passing zones, and 15 access points.
A trafhe study has shown that the directional split dur-
ing peak hours is 60/40. and the peak hour factor is
0.92. The traffic consists of 5% trucks, 3% buses, and
2% recreational vehicles. The base free-flow speed is 60
mph. The highest directional flow rate for the peak 15
min period in peph is most nearly

{A) 772 pcph
{B) 774 pcph
{C}) 778 peph
(D) 783 pcph

181. Plans outline a new four-lane freeway that wili
connecl two cities through a suburhan area. The free-
way will serve as an alternative to an existing two-lane
minor arterial, which is currently operating at capac-
itv. The freeway will save motorists travel time and
will be safer than the existing arterial. The demand
function for travel on the new highway is represented
by the straight line in the first illustration. The nser
cost per vehicle, imcluding toll charges and delay costs.
is represcuted by the supply eurve in the second illus-
tration. What is most nearly the expected number of
vehicles to use the new freeway?

the demand function

cast ($/hr)
=

&
R 3 A e TR

traffic volume (veh/hr}

the supply function

| |
600 1000 1500 2000 2500 3000

cost ($/hr)
P15

| S e

500 1000 1500 2000 2500 3000
traffic volume {veh/hr}

(A) 1000 vph
(B) 1250 vph
(C) 1500 vph
(D) 1750 vph

182. A highwav under construction requires fill and
cut based on the ground profile. The following mass
diagram indicates the vet accumulation of cut and fill

between two stations. The maximum distance for which
there are no additional hauling charges 13 300 fi. The
unit cost of excavation is $4.35/vd”, and the overhaul
unit cost is $9.75/vd?® per station. Whalt is most nearly
the overhaul cost for the two stations shown?

: 730 yd?
freehaul distance

500 f1

\/—23{1 yd®
840 ft

totai haul distance

cumulative volume (yd?)

station
inot to scalel

(A) $9300
(B) $11,000
(C) $24,000
(D) 60,000

183. Vehicles arrive at the ticket gate of a parking lot
at an averuge rate of 30 vph. T takes an average of 1.5
min to get a ticket and drive through Lhe gate. The ar-
rival distribution is assmned to be Poisson and the ser-
vice distribution is assumed to he exponentinl. There
is no space limitation for the vehicles waiting to get a
ticket. What is most nearly the mumber of vehicles ex-
pected to be waiting at the gate (i.e., the queue length)}?

(A) onc vehicle
B) three vehicles
) four vehicles
) five vehicles

184. A (raffic study arca consists of fouwr zones. The
nurnbers of trip productions and attractions for cach
zone have been determined in the trip generation pro-
cess as shown. A calibration process for Lthe gravity
model gives calibration values, F, ;, which are a fhine-
tion of the travel time between cach zone. The calibra-
tion values are shown. The socioeconomic conditions
are considered to be the same in zll zones. What is
most nearly the mmmber of trips that are produced in
zone 1 and attracted to zone 3, using ihe gravity model
for one iteration?
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zone 1 zona 2

1600 trip
production

8440 trip
attractions

650 trip
attractions

1100 trip

icne 4 :
attractions

zane 3

inot to scale)

(A} 300
(B} 430
(C) 740
(D} 1100

185. The following illustration shows a highway not-
work consisting of nodes and links. The average Lravel
tirnes between links are shown. The following table gives
the vehicle travel from node 1 to the other nodes based
on an origin-destination {O-1}) survey. All the links are
two-way travel. Use the mininum travel time (all-or-
nothing) approach to assign (he traffic volumes gener-
ated in zone | Lo all available links, What is most nearly
Lhie amount of travel in vehicle-minutes tor the link be-
twoeen nodes 1 and 57

{not to scale}

traffic volume (veh)

node 1 to node 1 0
node 1 to node 2 1(K)
node 1 to node 3 89
node 1 to node 4 130
node 1 Lo node 5 115

(A} 300 veb-min
(I3) 910 veh-min
(C) 1700 veh-min
(D} 4700 veh-min

186. The (ravel data in the following table relate to
travel betwecn two zones, zones 1 and 2, using cither the
auto mode or the transgit mode in a suburban area. Use
the trip interchange model (QQRS method) Lo estimate
the mode choice. The exponent valne of the model is
assumed to be 1.5, and the average income is $30,000.

anto transit

distance (mi) 12 10
cost per mile {3) 0.35 0.20
exeess time (min) 6 11
speed (mph) a5 45

What is most nearly the expected percent of trips by
auto, assuming 120,000 working minutes in a year?

(A) 43%
(B) 57%
(C) 64%
(D) 78%

187. A rural two-lane road has 9 ft lanes and 2 [L un-
paved shoulders. A 15 mi seetion of this road has had
140 traflic accidents over the past 3 vr. 5% of which
have been fatal accidents. The current average daily
trafhe (ADT) is 14000 vpd. A nearby development is
expected to increasc the ADT on this section to 18.000
vpd. Construction associated with the developmment, will
improve the geometry of this section by adding 2 [{ o
the existing lanes and 2 fl Lo the existing shonlders.
These improvements arc expected to reduce the fotal
and fatal traffic accidents by 25%. What is most nearly
the fatal accident rate per 100 million veh-mi (HMVM)
subsequent to the development and geometric improve-
menls?

(A) 0.6 fatal accidents/HMVM
(B) 1.8 fatal aceidents/HMVM
(C} 2.1 fatal accidents/HMVM
(D) 12 fatal accidents/HMVM

188. An interscetion in a suburhan area has had 54
traflic aceidents in 1 vr, of which three were [atal and
|3 resulted in injuries. The average 24 hr volumcs en-
tering cach of Lhe tour approaches to the intersection
are 1250 vpd, 2350 vpd, 730 vpd, and 1920 vpd. What
is most nearly the injury accident rate per 10 million
veh entering the interscction?
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(A) 22 accidents/10% vels
(B) 57 accidents/10° vch
(C) 230 accidents/10° veh
(D) 240 accidents/10° veh

189. A parking garage is to be located in an urban
business area. The garage will be open 6 a.m. to 5 p.m.
A total of 400 vehicles will use the garage daily during
the hours of operation. 75% of those who use the facil-
ity will be commnters with an average parking duration
of 8 hr, and the rest are expected to be shoppers with
an average parking duration of 3 hr. The parking cffi-
ciency. to account for turnovers. is expected to he 0.85.
What will be most nearly the number of parking spaces
recuired to meel the parking demand?

(A) 210 spaces
(B) 240 spaces
(C) 290 spaces
(D) 400 spaces

190. A curbed section of a two-lane road passes
through an urban area. The section is 1.2 mi long and
40 [t wide curb to eurb. Each lane is 11 ft wide. Parking
is allowed on both sides of the road. The trafhic consists
mostly ol passcnger cars. An on-street parking config-
uration thal minirmizes interference with trafhe move-
ment is desired. What is most nearly the maximum
number of parking spaces on this section of read?

curb —\\\

parking areas i

S ——— g B WL e e s . G S S S S— — — e e E—

e ——— e 4D

— s T e — e B e e e e e e s S S SSEE S S mmm e S -

parking areas Y

1.2 mi
{not to scale}

(A) 290 spaces
(B) 580 spaces
(C) 700 spaces
(D) 740 spaces

191. A weaving section on a highway threugh an ur-
ban area serves the traffic flows shown. Lane widths
are 12 ft with no lateral obstructions. The section is lo-
cated in level terrain and has an average free-llow speed
of 60 mph. The trathe flows represent ideal peak flows
and are expressed in passenger cars per hour {pcph).
The weaving section is assumed to operate in an un-
constrained manncr. What is most nearly the average
speed of weaving vehicles?

1500 ft

— — — ——— T . e . — | — — T — T S i, B . e e e

inot to scalel

{A) 38 mph
{B) 44 mph
(C) 51 mph
(D) 60 mph

192. An intersection located in an urban area has a
four-phase signal. The four phases are shown. All
phases are assumed to have the same lost time of 3 see.
For each phase, the ratios of actual lows to saturation
How, (©/s).q, for all critical lanes, groups. or approaches
are also shown. The desired eritical ratio of flow to ca-
pacity for the whole intersection is 0.90. What is most
nearly the signal cycle length using Higheay Capacity
Manual (HCM) procedures?

5, ¥
~

phase A, {vsj_; = 0.35

e

phase B, (v/s};= 0.10

A

A 4
phase C, {v/s}; = 0.23

phase D, (v/s},.; — 0.08

(A) 50 sec
(B) 78 sec
(C) 96 sec
(D) 120 sec

193. An intersection located in an urban area in level
terrain is shown. The maxunum allowable speed on the
approach roads is 45 mph. The width of the intersection
is 48 ft for all approaches. The average length of a
velicle is assumed to be 20 ft with a deceleration rate of
11.2 fi /sec?. The perception-reaction time of drivers is
2 sec, What is most nearly the minimum yellow interval
at this interscction?
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. i — T — ———— . . . —— e . . SN ——

(not to scale)

e R S —

(A) 2.5 sec
(B} 4.0 sec
(C) 5.5 sec
(D) 6.0 sec

194. Which oune of the following statements is NOT
true about the geometric design of horizontal curves?

(A) Reverse curves are not recommended because
of the possibility ol sudden changes to the
alignmeut.

(I3} Spiral curves are used between tangents and
circular curves or between curves.

(C) Compound curves consist of two or more curves
turning in opposite directions.

(D) The most common use of compound curves
in highways is for at-grado intersections and
ramps of interchanges.

195. Rapid-curing asphalt is formed by cutting as-
phalt cement with which one of the following distillates?

(A} heavy distillate such as diescl oil

(B} light fucl oil or kerosene

(C) petroleum distillate that easily evaporates,
such as gasoline

{D] water

196. Which oue of the following statements is NOT
Lrue in relation to soils tor highway construction?

(A) The main reasons for seil compaction melude
minimizing future scttlement and ncreasing
501l strength.

(B} Sheepsloot rollers are offective in compacting
cohesive soils.

(CC) A soil sample with an average CBR value of
48 is considered a superior subgrade to a soil
with an average CBR value of 12.

{D) A soil classified A-7-6 (20) is usually raled
“good” as a subgrade and is considered suit-
able as a subbase material.

197. The illustrations show results obtained nsing the
Marshall mix method in designing an asphult-concrete
mixturc. What is most nearly the optimun asphalt
content for this mixture belore checking design eriteria
for test limits?

& 5,
= & |
5 £ |
- -5 ]
= ® |
5 |
e -: 4!9
= E | .lf//——l
= = 4 B
AC (%)
...-.,5 -
S
- Sl
|
g | < 14
= i S
| . .
1 L 07 1 |/-T_
4 o 4 6
AC (%) AC (%)
E
218
2 [ /
S
- 1 1
4 6
AC (%]

{not to scale)

(A) 4.5%
(B) 4.8%
(C) 5.0%
(D) 5.5%

198. A corc is removed from a pavement containing
an asphalt-concrete paving mixture designed with 6%
asphalt cement. The mass of the core 1s 1238.5 g in air
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and 698.3 g submerged. The maximum specific gravity
of the mixture is 2.48, and the bulk specific gravity of
the combined aggregate in the mixture is 2.64. The
pereent voids in the mineral aggregate (VMA) is most
nearly

(A) 7.7%
(B) 13%
(C) 18%
(D) 77%

199. A road will be constructed in a rural arca where
the traflic volnme is expected to be low and the traffic
speed fast. The road is located at latitude 40.9°. The
7 o average high air temperature is 31°C, and the 1
d average low air temperature is —25°C. The standard
deviations of the high and low temperatures are +£1.5°C
and =2.7°C, respectively. The pavement surface depth
will be 190 mm. Superpave' ™ procedures will be used
to design 4 suitable asphalt mixturc. What will be an
appropriate performance grade asphalt binder for this
project for 98% reliability?

(A} PG 46-34
(B} PG 52-28
(C) PG 58-16
D) G 64-34

200. A flexible pavement for a inajor arterial road has
been designed and applied. The following information
is available.

thickness layer drainage
material (i11) coellicicut  coefficient
AC surface course o ().400) :
untreated granular
base 8 (0.115 U.ot
unireated gravel
subbase 10 (.09 0.50

Among the pavement’s other charactoristics, the equiv-
alent single axle load (ESAL) is 7 x 10°: the standard
deviation is 00.45; the subgrade resilient modulns is 1050
1bf/in?; the CBR is 20 for the subbase and 30 for the
base: and the elastic modulus of asphalt concrele is
350.000 Ibf/in*. The pavernent structure is expaosed to
moisture levels approaching saturation for 16% of the
time. and it takes approximately 70 davs for drvainage of
water. The structural mumber (SN} of the constructed
pavement is most nearly

(A) 28
(B) 3.3
(C) 4.2
(D) 4.5
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Afternoon Session
Water Resources

201. The following table provides the test results for
the discharge coefficients for scetions of a broad-crested
spillway.

ratio of design discharge
cocflicient Lo Lest
discharge coefficient,

ratio of design head
to test head,

H/H, C/C,
s 1= Lt e

0.4 0.90
0.6 0.93
0.8 0.97
1.0 1.00
1.2 1.04
1.4 1.04
1.6 1.09
1.8 1.11

The test discharge coefficient for a broad-crested design
is 2.20 ft'/? /sec for a head of 10 ft. The discharge for a
design head of 16 ft and a length of 16 ft is most nearly

(A} 2000 ft3 /sec
(B) 2500 ft>/sec
() 3000 ft /sec
(D) 3500 £ /sec

202. Which of the [ollowing statements arc true with
rcgard to cnergy dissipation below a dam?

[. Tf the upper conjugate depth of an hydraulic jump
is below the tailwater, little energy will be dissi-
paled.

. An upturned bucket will protect the dam from
sconr by moving material toward the dam.

111. A secondary dam may increase tailwater height,
thereby causing a hvdraulic jump to formn at the
toe of the main darm.

IV. A sloping apron above streambed level may be
used to control the hydraulic jump so that it oc-
curs on the apron.

(A) 1, II, T
(B) I IL ML IV
(C) 1, 111, 1V
(D) 11, TH

203. An outlet pipe from a reservoir (square edge in-
let) consists of two seetions of concrete pipe as shown.
The discharge through a rotarv valve (at point 3) is to
the atmosphere. The waler temperature is 50°F. What
18 most nearly the discharge through the valve?

1
-,
Lo
1 ol { = 4920 ft
D=12in
2 valve
=
3
(not to scale)

(A} 4.0 ft3/scc
(B) 9.0 ft* /scc
() 131 /see
(D) 18 ft3 /sce

204, The three-reservoir sysiem described in the illus-
tration and table is analyzed based on the fows at the
junction of the pipes. Minor losses can be neglected.
and the friction factor can be considered constant at all
flows., Which of the [ollowing statements are correct?

I. The How in pipe 1 Hows into the junction.
TI. The fiow in pipe | Hows ont of the junction.
is 6.0 ft? /sec.

[V. The flow in pipe 3 is 7.5 ft2 /sec.

III. The How in pipe 3

elev 4265 ft v

¥ |elev3280ft pipe 2

=

- elev 426.5 ft v
pipe 1

junctinn—/‘f piges
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fAow

diameter  length  friction area

pipe (i) (&t) factor, f (%)

1 16 11,480 0.04 1.396

2 12 2950 .04 .785

3 20 590K) .04 2.182
(A) 1, III
(B) LIV
(C) II, I
(D) . 1V

205. A wewly developed 150 ac single-family residen-
tial subdivision is drained by an intermittent, straight
stream wilh a nniform cross section. The area in flow
15 approximately rectangular, 4 ft wide, and 6 ft deep.
The gtreambed is overgrown with weeds and has pro-
jecting stones. The clevation change is measured as 1.54
fi over a total length of 21 + 35.69 sta. The capacity of
the siream when flowing full is most neariy

(A) 36 ft3/sec
(B) 59 ft3/sec
(C) 73 ft? /sec
(D) 120 #t*/sec

206. Which of the following statements are correct?

[. Detention hasinsg arc characterized by ungated
outlets.

[I. Detention basins are usuallvy designed to control
short, high-intensity local storms.

I11. Detention basins in the lower part of a river basin
have little cffect on reducing the flood crest from
a storm moving downstreain.

V. Anv number of detention basins will have little
cumulative effect in reducing the peak discharge
on the downstream section of a large river unless
retention is provided over a prolonged period.

(A) L 1I
(B) LILIV
(C) T,IV
(D) II, III

207. A pump station serving a small subdivision will
lift water from a clear well of varying water surface el-
evation. The pump will start al elevation 100 ft and
shut off at elevation 120 ft. The elevation of the pump
centerline is 90 ft, and the elovation of the discharge
reservoir is maintained at a constant 16( ft. The equiv-
alent length of the discharge pipe is 2000 £t of 12 in

diameter pipe, and the cquivalent length of the sue-
tion pipe is 1500 ft of 16 in diameler pipe. Suction and
discharge pipes are cement-lined cast iron. The pump
performance data are given in the following table.

How rate  total dvnamic head

_(gpm) (fl)
500 96
100 XN
1500 76
2000 60
2500 36

The pump capacity range for the given conditions wili
be most nearly

(A) 600 1250 gpm

(B} 1100-1830 gpm
(C) 1350-1700 gpm
(D} 1650-2000 gpm

208. For the condition al which there is no fow into
ar out of the rescrvoir at node 2, which of the following
statements are true for the pipe network system shown
in the fllustration?

I. The pressure head at node 6 will be the water
surface elevation at the rescrvoir (100 ft} minus
the pipe friction loss in pipes 5 and 6.

I[I. The How in pipe 2 will always be 2.Q,.

IlI. The pressurc head at node 2 will be 100 ft plos
the pipe friction loss in pipe 1.

IV. The total head loss in pipes | and 2 must equal
the Lotal head loss in pipes 3 and 4.

X! elev 100t

Q
\nﬂde 1 l node 2 noce b
2 il
pipe 1 pipe &
pipe 4 pipe 2 pipe 6
| pipe 3 I pipe 7 node 6
nade 4 node 3
2 lm
Y 5&, 3

(A) LTI IV
(B) I, 11l
(€) I, W
(D) 1, II1, TV
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209. A control structure on the outlet of a storm water
relention pond contains a 1 ft diameter pipe set below a
rectangnlar spillway as shown. The spillway has a coet-
ficient of .62, and cnd contractions are suppressed. The
pipe protrudes 2 ft into the retention pond. Assume a
coeflicient of discharge of 0.72. The water surface eleva-
tion, A, above the pipe centerline at which the spillway
and the pipe will discharge at equal rates is most nearly

4 ft

-y l--|

E&
- b 4 ¥
: 5 T
- :
S k Sy
i %
haaa
s X
i u-;<..s ¢3§:§f = 2t {
a.fg ng:r S
rabadsipe g . e el ] e T
front view side view
(not to scale}
{A} 1.5 ft
(B} 2.6 ft
{C} 3.2 it

(D) 4.5 ft

210. A small community is being analyzed to deter-
mine its ire insurance rating, The domestic and com-
mercial water demands and the fire Tating demand char-
acteristics of the community are given in the following
list.

design population 9000
average annual demand 180 gped
large industrial demand 80 gpin in each zone

zonc 1 zone 2 ZOIEe 3

average building

separation,

Lwo-story single

family 26 1t 40 1
essential service

SEYNCHITes

120 ft

(hospital,

police, emergency 20.000 ft% 50,500 f£% 40,800 {1*
HCTVices ) class 4 class 5 class 3
The mminimum delivery capability that will best enable
the community to meet domestic and industrial de-
mands concurrently with the {ire insurance rating stan-

dards for sy zone is most nearly

2100 gpm
3100 gpm
4600 gpm
2100 gpm

B s SR el 5
=20 % =
L

211. A triangular culvert with an interior angle of 90°
provides an open ¢hannel lor conveyvance of flood warter
under a highway. At a control structure 345 t down-
stream, the water depth is 5.2 ft for a flow of 400 ft2 /sce.
The channel 1s conercte lined and has a slope of 0.3%.
Flow 15 not uniform, so it will be necessary to comnpte
the length between 0.2 ft changes in water depth. The
water depth at the highway crossing 1 most nearly

(A) 2.2 f
(B} 5.5t
(C) 6.0 1t
(D) 6.4 1t

242. A pump supplies 10 ft2 /sec of water at 90°F from
a pit with a constant water level at elevation 5000 ft.
Suction friction loss is 3.6 tt at the operating point. The
net positive snetion head required (NFSHR) is 10.3 ft.
What is most nearly the maximum height the pump
centerline can be installed above the pit water level to
provide a safety factor of 1.3 against cavitation?

(A} 6.0 fl

(B} 9.0 ft.

(C) 12 fr

(D) 15 1%

213. A triangular channel with an interior angle of
90° carrics a How of 200 ft*/sec. The actual depth of

water in the channel is 3.2 ft. Which of the following
statemoents arc truc?

[. The ilow is subcritical.

[I. The flow is supcreritical.
[Ii. The water level is at the critical depth.
IV. The Froude number is > 1.

V. The Froude number 15 < 1

(A) LIV
(B) LV

(C) 1L, IV
(D) III, V

214. A rectangular open channel has the following
characteristics and flow conditions.
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width 9 ft,
discharge 530 ft* /sec
channel slope {(.004

Manning coelficient 0.0l

It a hydranlic jump takes place at the normal depth of
How, Lhe energy loss throngh the jump is most nearly

(A) 0.00 ft
(B) 0.53 ft
(C) 0.96 ft
(D} 1.8 fi

215. A venturi meter is Lo be calibrated against a tank
of known volume [or which a discharge is timed. The
tank volume is 6.66 ft? and is totally emptied in 2 see.
The venturi meter characteristics are as follows.

throat dinmeter 6 in
munometer Huid LICTCUry
height of manometer Huid 8 in
temperature of water 50°F

If the peak discharge is 150% of the average, the flow
cootticient of Lthe meter 18 mogt nearly

(A) 0.76
(B) 0.84
(C) 0.91
(D) 0.98

216. A 2.5 m diaweter concrete pipe is being analyzed
to determine its maxirmm discharge capacity. The hoead
loss has been determined to be 1.5 m per kilometer of
pipe length at a temperature of 16°C when using the
best condition of the pipe. The maximumn discharge
capacity of the pipe is most nearly

(A) 10 m?/s
(B) 20 1m°/s
() 30 m3/s
(D) 40 m3/s

217. A culvert for a highway fill is to carry a peak dis-
charge of 30 fi /sec, at optimmmn discharge characteris-
tics, through a 24 in. very smooth concrete pipe with
a Manning roughness constant of 0.012. The minimuin
slope that will achieve this condition 13 most nearly

(A} 0.008 ft /[t
(B) 0.013 ft/fL
(C) 0.018 fu/ft
(D} 0.020 #/fu

218. I'low mnder a vertical gate (gute discharge coef-
ficients ¥ = 0.624 and C = 0.603) is controlled by ad-
justing the gate opening. For an upstream water depth
of i ft and velocity of 10 ft /sec in a 2 ft wide rectangular
channe]l with a 2 ft opening, the downstreamn free flow
velocity is most necarly

(A) 5.0 [t/sec
(B} 10 ft/sec
(C} 15 It /sec
(D) 20 ft/sce

219. An 2 in ID steel pipeline carrying gasoline. which
has a temperalure of 60°F and a specific gravity of (.80
(relative to water at 60°F), experiences a valve closure
in 1.2 sec. The pipeline has a wall thickness of (.25 in
and is 2500 ft long. The walve closure occours at a flow
velocity of 10 fi/sec. The pressure rise that will cceur
is most nearly

(A) 140 psi
(B) 190 psi
(C) 260 psi
(D) 310 psi

220. Water is released from a wide sluice gate into
a rectangular stilling basin of the same width. The
bottom of the basin is horizontal and is constructed
of concrete. The average discharge velocitly is 62 ft/sec,
measured a short distance downstream from the point
of minimmun discharge depth., The minimum deptl is
4.08 ft. Beyond the measnrement point. Lthe depth in-
creases gradually. Somewhere downstream, the flow ex-
periences a hydraulic jump te attain the depth of the
stilling basin. The depth of the fow just before the hy-
draulie jump is 4.57 ft. The approximate depth of the
stilling basin after the hydraulic jump is most nearly

v

—ila
—
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S g
e _ dre g o, r--l _‘I Y | r",_.' qF :':-;n T W

= R T

(A) 6.3 fi
(B) 7.9 f
(C) 25 ft
(D) 27 fi

221. The annual precipitation at station C is being
uscd to characterize a storm at this station. The station
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was moved in 1960, The annual precipitation at station
(F and the precipitation at a group of 10 surrounding
stations are given in the following table.

station C adjacent 10 stations’

arnial mean of annual
precipitation precipitalion

year (in) (in )
1950 =

1951 25.4) 30.0
1452 24.6 31.2
1953 26.3 29.7
1904 25.7 3.5
1955 24.3 28.7
1956 2H.9 al.3
1967 27.3 0.6
1958 24.5 29.9
1959 23.9 20.8
1960 22.9 25.3
1961 30.0 20).0)
1962 31.2 21.2
1963 20.8 19.9
1964 30.5 20.5
1965 28.0 18.4

T

Which one of the tollowing statements i1s true?

(A)

E)

(C)

(D)

Station € data is consistent with the group
of stations since the rate of rainfall acenmnula-
Lions is constant for both from 1950 to 1965,
atation  is not consistent with the 10 sta-
tions due to a change in the rate of rainfall
acenmnlations.

Not enough information is given to determnine
il station C data is consistent with the 10 sta-
tions data.

Station O data is consistont with the 10 station
data, even though the rate of change of rainfall
accumulation varies for both.

222. The precipitation at four rain gauge stations in
a small watershed is given in the following table.

contributing
annual storm Alpha watershed

precipitation  precipitation  duration ATLEL

slation {ir) (i) (min} (ac}
A 40.5 3.20 57 2000
B 328 2,70 a7 2000
C 60,7 .90 a7 28]
D oA i A 2400)

97

. AFTERNOON SESSION

The return requency of storms for Lhis watershed can
be found from the followine intensity-duration-frequen-
cv curves. The relurn [requency of Storm Alpha is most
rearly

rainfall intensity (infhr)

cOog®

10

\ r,1 00 yr frequency
\\ LA - B0 yr freguency
Q B f"/-ED yr frequency

63 H"\,.\\ — 1{]51.rr ffrequency'

\\:~~~ \{:\ yr frequency
4 “\a E

e N
[T
20 40 B0 80 100 120

duration {min)

a2 ¥r

10 ¥t
20 yr
50 vr

SO I S o S

223. Which of the tollowing statemoents are irue?

L.

11

ITL.

IV.

V.

(
(

Unit hvdrogruphs are based on the assumption
that only the total amonunt of rainfall varices from
stOrLl to storm.

Construction of & unit hyvdroeraph requires an
overland How hydrograph and known values for
the area and time of concentration of the drainage
Dasi.

A synthetic hydrograph can be constructed for un-
gauged drainages using the U.5, Natural Conser-
vation Service curve number method.

IT a storm’s duration is not the same as or close to
the hydrograph base length, the unit hydrograph
cannot be used to predict runoll.

Methods to develop a unit hydrograph for dura-
tiong of storms that are multiples of the storm
duration for which a unit hydrograph is available
include the rational method, the lagging storm
mcthod, and the S-curve method.

A ILII IV
B) L III IV

(e) IL.IL, v
(DY LIV, V
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224. A small watershed is covered predomimately in
alfalfa during the month of May. The watershed has a
crop coeflicient, k., of 0.35 and a so0il coctficient, &, of
0.80 for a soil with good watering characteristics. The
mean wind run i May is 260 km/d. and the mean tem-
perature is 20°C. The mean relative humidity for May
is 30% [ur the watershed. The nct radiation for May
is 250 W /m?. The weighting factors for radiation and
vapor transport are 0.7 and 0.3, respectively, The evap-
otranspiration for the alfalfa watershed is most nearly

(A) 1 mm/d
(B) 3 mm/d
(C) 6 mm/d
(D) 8 mwm/d

225. A soil permeation test determined a saturated
hydraulic conductivity rate of 1 in/hr for a test appa-
ratus of 6 in? of exposed soil. A total of 12 in® of water
was used in the soil suction test, which was conducted
for 200 min. The infiltration depth that would occur for
the soil after 1 hr would be most nearly

(A) 2.0in
(B) 4.0 in
(C) B.0in
(D) 12in

226. Maximum total precipitation data for a small wa-
tershed arc given in the [ollowing table for 5 min and
20 min subdurations and 10 vr of record.

9 Tin 20 min
subduration subduration
(cm) (cm)
1.8 21
1.2 2.4
1.0 2.3
1.9 3.1
0.8 2.9
(0.7 2.5
1.3 2.8
1.9 2.6
1.2 3.2
0.9 24

For a 15 min duration storm. the pcercent increase in
intensity from a 2-yr to a 10-yr storm is most nearly

(A) 10%
(B) 20%
(C) 30%
(D) 40%

227. Sheet flow occurs across a large, impervious park-
ing surface that is smooth and uniform. The surface is

150 ft along the direction of a 6% slope. For a tempor-
ature of 6{°F and a rainfall inteusity of 1.3 in/hr, the
velocity of flow at the end of the parking surface 1s most
nearly

(A) 0.20 ft/sce
(B) 0.80 ft/sec
(€} 1.3 ft/sec
(D) 2.2 ft /sec

228, Procipitation data are unavailable at a proposed
development area in a watershed. However, precipita-
tion data at four stations surrounding the development
are complete and reliable. The available data are given
in the following table.

10-vr, 30 min distance o

intensity development
station {(in/hr) (1ui)
A 3.2 6.3
B 4.6 4.2
& 2.9 2.1
1) i 8.1

The estimated 10-yr, 30 min intensity at the develop-
ment would be most nearly

(A) 3.1 in/hr
(B} 3.5 iu/hr
(C) 3.8in/hr
(D) 4.0 in/hr

229, A natural channel and flood plain are showu in
the following illustration. During a food. the river over-
flows its banks into the east and west portions of the
natural flood plain. The river channel i1s in zood condi-
tion, but the west flood plain is filled with stones and
weeds, and the east flood plain is very poor. The chan-
nel and flood plain slopes are approximately 0.002 {1 /[t
During a stcady How period when the water depth can
be measured as shown. the total lood discharge is most

nearly
wesl \ 4 it *
e ok 3 400 ft
300ft |8
{not to scale} 50 ft
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(A) 4000 £63 fscc
(B3} 5000 ft3 /sec
(C) 6000 ft2 /sec
(D) 7000 ft3 /sec

230. Untreated water is stored in an uncovered mu-
nicipal reservoir with an average winter depth of 15 1t
and an average winter temperature of 40°F. During the
summer, the land surroumding the reservoir accumm-
lates wind-blown silt {approximately spherical particles
with a specific gravity of 2.65) and organic debris. The
hrst winter storin washes all of this material into the
reservoir, After the storm, the fleating organic debris
is quickly skimmed ofl, leaving the silt in the water to
settle out. The water is considered clear enough to with-
draw when Lhe largest particle in suspension has a size
of 4.0 x 107* in. There is adequate storage elsewhere
to provide treated water for 10 hy after a storm. The
maximum time needed for the reservoir to become clear
enough to be withdrawn is most nearly

(A) G hr
(B) 8 hr
(C) 10 hr
(D) 20 hr

231. The [uture growth of the community of Bountiful
i3 limited by economic and geographic lactors Lo a lim-
ited saturated population as represented by an S-shaped
growth curve. Analysis indicates the current population
of 100,000 will grow as represented by a k constant of
—0.00565 and a saturated population of 300,000 for fn-
ture growth. The per capita water demand is currently
150 gal/capital-day and is expected to increase at 10%
of the percent population increase. The total water de-
mand in 40 yr will be most nearly

(A) 20 MGD
(B} 35 MGD
(C) 45 MGD
(D) 60 MGD

232. A water treatment plant with the unit processes
and desipn criteria given in the lollowing table is being
analvzed for deficiencies.

unit. process design criteria raled capacity

1.25 maximum
hourly demand 300000 m*/d
1.5 maxinnumn

hourly demand 14400 m® /h

1.25 maximnnm

screening

influent fow
moetor
Hash mix

20 MGD

daily demand

Hocoulation 1.25 maximum

hasin daily demand 25,000 gpm
sedimentation 1.5 mhaximum

hasin daily demand 2 x 10° gal/hr
filters 1.0 maximum

daily demand 50000 LL/min
effluent flow 1.5 maximum
rneter hourly demand 10000 m? /h

chlorine contact/ 1.5 maximmuin

clearwell daily demand 70 ft7 /sce
high service 1.0} maxiimiir
pumps hourly demand 30,000 gpm

The maximum daily demand is 150% of the average
daily demand, and the maximum hourly demand is
200% of the maximmm daily demand. The annual aver-
age daily design demand is 800 L. /5. The unit processes
that require upgrading to meet the design criteria are

(A) screening, flash mix, filters. chlorine contact/
clearwell

(B) Hash mix. filters, chlorine contact/clearwell,
high service pumps

(C) screening, influent fow meter, Hocculation
basin. sedimentation basin

(D} flash mix, filters, efluent flow meter, high ser-
VICC TIPS

233. The size of a raw water storage reservoir is de-
signed to meet a 2 yr drought eondition with negligible
precipitation. The stream How awailable for use by the
treatinent plant was analvzed for the low tlow eondi-
tions as shown in the following table for scelected subdu-
rations. Also shown are the evaporation/seepage losses
and the design demands for the corresponding subhdura-
tions. The arca of the reservoir atter construction will

be 4 kin?.

average evaporation/  design

inflow seepage demand
subeduration rate rate rate

(d) (Mm? /d) (mm) (Mm* /d)
7 0.120 30 0.995

51k (3.150 120) L.990)

60) (. 180} 250) RIS

120 0.240 a0 0. 960

1&(0) (3.561) 780 0. 940

3603 1.500 160K (3.500}
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The required volume of the raw water storage reservoir
is most nearly

(A) 22 Mm?®
(B) 53 Mm*
(C) 76 Mm’
(D) 88 Mm*

234. Which of the following are true with respect to
rapid (flash) mixing?

i. Dispersion of metal coagulants should be com-
pleted mm a [raction of a second due to hyvdrolysis
of the coagulant.

I1. Flash wmixing of anionic polymers can he com-
pleted in 2-3 sec because hydrolytic reactions are
not involved.

III. The pH of the process water is scldom critical or
important in {lash mixing of coagulants.

IV. The sequence of chemical addition is important in
rapid-mixing operations.

V. lu-line static mixers offer the advantages of effec-
tive mixing and constant mixing time.

(A) L1V
(B) L1V, V
() IV
(D) 1L III, TV

235. A watcr treatment plant uses alum for coagula-
tion-flocculation at a dose of 12 mg/L. The stoichiomet-
ric mass of almm sludge produced is .46 kg of sludge
per kg of alum dose. The raw water has a turbidity
of 3 NTU. and the turbidity after sedimentation is 1
NTU. Jar tests and other studies determined this wa-
ter has a correlation between turbidity and suspended
solids removal, which s not usually the case. The total
suspended solids removed is a function of the turbidity
removed according to the following formula.

ATSS in mg/L = ANTU"?

As a coagulant aid, 3 mg/1, of clay are added. The
removal efficiency of the sedimentation unit is 96% for
this range of turbidity. For a flow of 2 m? /s, the mass
of solids removed is most nearly

(A) 1500 ke/d
(B) 2300 kg/d
(C} 3200 ke/d
(D) 4300 kg/d

236. A clarilier for flocenlated sedimentation is being
designed for & new water treatment plant using a coug-
ulant X on the raw water. Bateh settling tests were per-
formed in a 10 ft column. A graph of suspended solids
removal (as percent) versus depth and settling times is
shown. For a design How of 1.5 MGD and a scale-up
factor of 1.0. what arc mosl ncarly the diameter and
depth, respectively, of a clarifier that can provide 75%
removal?

0

e
|

dapth {ft)
B ;M A Ly N
|

et
]

20% 30% 40% 50% 60% 70% 80%

BARRRNN

10 20 30 40 50 60 70 80 90 100 110
settling time (min)

w
]

(A) 32ft.6 It
(B) 37 ft, WO ft
(C) 42 £, 8 fi
(D) 45 ft, 12 ft

237. A dual-media filter has the characteristics given
i the following table. Assume cach layer is uniform.

[]TUpF!rl}"
paramcter sand garm?t.*
depth 280 mm 100 mun
SG 2.65 4.240)
aAverage size 1.0 mm  0.40 mm
porosity. £ 0.50) .55
shape factor. & 0.8 1S

For a filtration rate of 4.5 L/s1n? and a temperature of
10°C, the head loss throngh a clean filter is most nearly

(A) 0.12 m
(B) 0.18 m
(C) 0.26 m
(D) 0.34 m

238. A clearwell is to be disinfected belore being placed
in service. The elearwell is 1000 m? in volume. A 0.5%

PROFESSIONAL PUBLICATIONS, INC.




reEiaL L R ERIL R T

AFTERNOON SEsSsIoN B1

hypochlorite solution is to be used. The mass of 70%

available dry hypochlorite powder required is most nearly

(A) 4000 kg
(B) 5500 kg
(") 6500 kg
(D) 7000 kg

239. Wlhich of the following statcments are truc?

E

1.

1.

V.

V.

VI

Finalized USEDPA rules applicable to water treat-
ment design include the Surface Water Treatinent
Rule; the Total Coliform Rule; the Phase I, I1. and

V Contaninant rles; and the Lead and Copper
Rule.

Primary drinking waler standards can ouly be en-
forced by USEPA.

Secondary drinking water standards can be en-
forced by a state drinking water regulatory ageucy
if the agency has appropriate state legal authority.

The maxiinum contaminant, level for turbidity is
1.0 N'T'U in 2 maximum of 5% of monthly samples.

The maxiopmm four-quarter average primary stan-
dard for trihalomethanes is 0.10 mg/L.

Microbiological contamination shall not execed
one positive sample per month.

(A) L 11, V1
(B) 1,11, V
(C) LI, v
(D) 11, 101, 1V

240. A 2 vr membrane lest (o produce drinking water
from a high solids, brackish feed water viclded the dala
in the following table.

time flux
{hr) (gal /day-ft*)
10 24.2
10,000 7.0
20,000 6.2

The percent decrease in performanece between 2 vr and
3 yr of operation would be most nearly

(A) 5%
(B) 7%
(¢ 9%
(D) 11%
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STOP!

DO NOT CONTINUE!

This concludes the Afternoon Session of the examina-
tion. If vou finish early, check your work and make sure
that you have followed all instructions. After checking
VOUT answers, you may furn in vour exanmanation book-
let and answor shect and leave the examination room.
(Once vou leave, vou will not be permitted to return to
woOrk or change vour answers.
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Afternoon Session—Environmental
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Solutions
Morning Session

1. The mixed liquor volatile suspended solids { MIVSS)
15

X =PrC

(" is the concentration of mixed liguor suspended solids
(MLSS). P is the percent volatile solids,

MLSS
= 1875 mg/L MIVSS

— _.i‘_“.' TN 1
X = (ﬂ“ﬂ:’; HNY E’) (25{30 ? Ts.-ﬂ.SS)

The influent biodegradabie COD is

5; = influent COD — nounbicdegradable COD

mg mg
— s T 1 W
1800 T 10 3

= 1690 mg/L

The effluent biodegradable COD is

S; — etfluent COD — nonbiodegradable COD

mg mgr
=200 — — 110 —
L L

The reaction tiine is

H = Sj. = ﬂ
- I{f.gr
. Img me
1690 — — —
- G 3 90 L
. & . mg 1lg mg
({]'b qh) (lg?d I ) (lﬂﬂﬂ mg) (gn L )
= TH8h

The reactor volume is

V=040

o il 5 1 day
i ’ LI L ) | il ] (=
- (S S da}’) (?.sﬂi ga]) cla by (24 hr)

= 704,100 f* (700,000 ft*)

The answer is (D).

2. The fraclion of suspended solids removed is

. 500 =2 — 150 —2>
= I = L mg -
s RO 2
L

= .70

The flow to cach unit is
Quias _ 15 MGD

Qunit = no. units 2 units
=75 MGD (7.5 x 10° gal/day)

Using the pilot plant graphed results for 70% suspendod
solids removed, the overflow rate, v*, is 1900 gal/day-
ft?2, and the detention time is approximately 33 min.
The diamecter of each nnit is

O

wv*

{(4)(7.5 MGD) (lﬂf MG)

— &

gal
7 | 1900 s
\ < ( da}'-fti)
=709 ft (70 ft)

The tank volume is

V = taQ
gt e ; s gal 1 it
= (33 min}{7.5 MGD) (H’} MG) (T.d& gaI)
- 1hr 1 da}*)
60 min 24 hr
= 22,978 ft°
The depth of each tank is
V 4V
e A =D?
_ {4)(22,978 A1?)
7 (70 fb)ﬂ
=597 ft (6 ft)

The answer is (B).
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68 cCIVIL PE SAMPLE EXAMINATION

3. Salmonella typhi, Giardia lamblia, Poliovirus, and
Endamoeba histolytice (organisms L I, V, and V)
are all pathogens that can be transmitted through the
water supply and waslewater.

Escherichia coli (organism 11) s a bacleria commeonly
present i wastewater and is used as an indicator or-
ganism, but it is not typically considered a pathogen.
However, E. Coli can cause gastroenteritis (diarrhea}.

Sphaerotilis natans (organism IV) is a [ilamentons form
of bucteria that can adversely affect operation of the
activated sludge process, but it is not pathogenic.

Ceriodaphnia dubia (organism V1) is the daphnid shrimp
used in toxicity festing. It is nol a pathogen.

Pimephales promelas (organism VIIT) is the futhead min-
now used in toxieity testing. It is not & pathogen.

The answer is (B).

4. The control survival is high for all of the spccies
tested, so all results can be considered valid. The bio-
assav report would otherwise indicate signilicant control
problems, The species with the lowest percent eflluent
resulting in no observed effect concentration (NOEC)
is Ceriodaphnia dubia with & NOEC of 2.0% effluent.
A chronic toxicity unit is Lhe reciprocal of the efiuent
dilution that cansed no unacceptable cffect on the test
orgamisms by Lhe end of the chrouic exposure period.

The chronie Loxicity is

po o 100% _ 100%
“ 7" NOEC  2.0%

= 30 chronic toxicity miits

For clironic prolection. the CCC must not exceed 1.0
chronic toxicity unit. The CCC is the chronic toxicity
divided by the chronie initial dilution (CID), which is
Lhe dilution in the mixing zone.

COC — TU, 50 chrouic Loxicity units
SR 100 dilution

CID
= (1.5 chronic toxicity umit

The CCC is less than 1.0 chronic toxicily unit.

The answer is {(C).

5. Statemeni [ is false. Zone 1 would be characterized
as mesosaprobic and represcutative of diluted waste-
watcr, an inadequately treated effluent, or a degraded
stream, Typical of a degraded water body in transition.
this zone reveals the presence of some DO, but at a low
icvel (4.5 mg) for natural water: a somewhat elevated
level of BOD (3 mg/L); and high total coliform counts.

Statement IV is false. Zone 1 would be charucterized
as mesosaprobic and represents a degraded stream in
transition. Zone 3 is highly polluted water that would
be characierized as polvsaprobic.

Statements 11 and IT) ure true.

The answer is (C).

6. Twonty percent of the delivered solid waste (5%
moisture and 15% classified materials) is removed prior
to entering the furnace. The balance is 180 tons/day
por power module, There are three power modules,

The solid waste brought 1o the plant is

NC
Wosste = ————

wWasle 1 =n F
N is the number of power modules, € is Lthe input rate
per module. and F' s the fraction of delivered solid
wuste that is removed before entering the furnace.

‘ 10115
(wj [ﬂﬂdﬂli‘ﬁ} (13ﬂ aﬂ_}’—mfﬂiﬂﬂ)

1--0.20
= 675 tony/day

Wonste =

The population is

. tons _Ibm

= P ” 1bm ] -
person-day
= 1,93 % 10° people {200,000 people)
The answer is (B).

7. The total mass of solid waste gencrated in 1 vr is
m = ﬁ"PFD
N is the mamber of people, F. is the mass of solid waste

generated per person per day. and D is thie duration in

: Ibm days
e = (25,000 ! 365 ———
e = (25,000 people) (B i ay) (& 5 - )

= 73.000.000 |bm/vx
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The annual in-place volume of solid waste is

Ib
73,000,000 ——
= b yr
g T
P 1200 0B
E
— 6(1.833 vd*

The annual soil volume required is

Vaoil = Viw I

R 15 the ratio of soil to solid waste.

1 yd* soil
4 vd? solid waste

Vit = (60,833 vd®) (

= 15,208 vd®
The annual in-place mass of soil required is
Mt = Veoup
p is the density of soil.

iy = (15,208 yd®) (13ﬂ TTT)

3
o« {97 i 1 ton
yvd® / \ 2000 Thm

= 26,690 tons  (25.0() tons)

The answer is (B).

8. The gross velocity of groundwater flow is

AN
1";;{1'{]:-;# = Hi‘} = KEL‘_

Tl WAnm—0m
=-4{3] ==
( 11) ( 2000 m )

=2 x 107 m/d

The pore velocity of groomdwater [low is

= Vaross
n

¥pare

n represents porosity.

2 x 108 2
oy e d
Bt 0.25
=8 x 107" m/d

The coeflicient of retardation, (. is the ratio of the
velocity of the centroid of the contaminant plume to the
sroundwater velocity. The velocity of the contaminant

-

plhume is

Vplume = Cr*‘—'p:.m-

Try the coefficient of retardation for more than 640 d
travel time. The velocity of the plume is

Yplume = “rVpore

_ - 3z I
= (0.17) (8.0 x 10 d)
1.36 % 10 % m/d

The travel time is

L

Vplume

2000 m

1.36 x 10-3 =
36 x 10 3

= 1.47 x 10° d

The result that shows Lthe coefficient of retardation used
in the preceding equation is appropriate. because the
travel Lime is more than 640 d.

~ 1 vr
= {14 g =
F=1LEATHN d}(:}ﬁh -:l)

= 4029 vr (4000 yr)

The answer is (A).

9. Coulomb’s equation for active force on soil shonld
be used to solve this problem.
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aaaaa
o P e b el T
it ot = TRy S S
e [ L]
kWS
e
" .
] g A -
i e B
- ~ YL T 0 S e
- e P 0 P B -ra- '1 ra —wn
s - sl -y .- - —
= - = i, Bl A
= e o w R -y T -
e o [ ¥ e W
I e e T "
7 - 5w = bl TLEY
o

v
ot
T
--" - et o
11111111111111111111111 e L
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bkt 1.1.--!1f$?||'_-f.|.-1{'\.ﬂ.-¢.$ fffffffffff J.-\.a\.::»,un T i; r;:ﬂ abd
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# is the angle between a horizontal plune and the inte-
rior face of the retaining wall. Since the retaining wall
surface in contact with the soil is vertical, & is 90°.

i sin®{¢ + &)

sin{d + ¢) sin(e — 5}
sin{@ — d) sin{3 + )

sin? @sin(@ —8) [ | +

sin® (307 + 90°)

sinZ 90° sin (90° — 13%)

gin (15° + 30°) sin (30° — 11°)
b | + : = .
Vsm (90° — 15%}sin(11° <+ 90°)

(L3488

'The active force per unit length of wall is

Py - 3vH?k,

1 kN e
(5 ) ( ] mﬁ) (4.0 m)? (0.348)
50.1 kN/m (50 kN/m)

|

|

The answer is (B).

10. Before the saud fill is placed on top ol the silk
depaosit. the total stress, waler pressure. and effective
siross are, respectively,

kN
0 = Vel B = (lﬁ —) (11{] Tﬂ)

m=

= 198 kN/m*
KN
Y P — (9.-’51 —j) (11.0m - 1.0 m)
ot 4
= 98.1 kN/m*
kN kN
o =o—u—198 — —98.1 - =
m< m?

= 99.9 kN/m’

After placing the sand fill on top of the silt depaosit, the
rotal stress becones

N N
T = (18 E—) (ll.U m) -+ (2[} k——) {5.0 m)

s i
= 208 kN /m?

At the end of the consolidation process. the waler pres-
sure is the same as before the placement of the fill.

= 98.1 kN /mn?

kN kN
”Fﬁltnd = Tflled — W = 208 — - —0O%.1 ——

m= m?
= 199.9 kN /m?

Thercfore, the increase in effective stress at point A s

kN EN
4 — {, == g — i = O, M —
ﬂﬂ'A Jhlle-rl a 199 & m? gg q ]'_‘[12

= 100 kN/m* (100 kPa)

The answer is (C).

11. A properly drawn flow net should be gimilar to the
one shown, or at least have approximatcly the same Ng-
to-¥, ratio. Do not spend a lot of time trving to draw
a perfect How net.

18.1m

250 m

T'he fiow net shows three flow tubes (N, = 3) and 11
head drops (N, = 11). The entire flow is

f\-‘r f
=RKRH =1L
Q h‘u"’p

(2 "2 (] e ?) (18.1 m — 3.1 m) (%) (300 m)

=245 x 10 m3/s (2.5 x 1072 m?/s)

I

The answer is (D).

PROFESSIONAL PUBLICATIONS, INC.
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12. The Boussinesq stress contour chart may be used

to solve this problem.

square foundation

B

3B

48

NN
\

M

A

\EE

3B

4B

\aU.HEp -

bB

6B

S~ 0.01p

7B

8B

aB

— 0.006p-+"" |

10B

11B

i3

—

N

1

= 1414 m

3B

200 kN

kN
400 —

\

me

4B

For a column load, &V, of 8300 kIN and a bearing pressure,
p, of 400 kN/m*. the width of the square footing is

Therefore,
3 m

L
I3 1.414 m
=22

The resulting factor from the Boussinesq chart is 0.095p.
The resulting stress is

m=

kN
, = 0.095p = (0.095) (4I}U —)

= 38 kN /m?

For the 100 kN/m* foundation bearing pressure,

800 kN
B= Fo

kN

160

\ o n<
= 2 83 m

Therefore,
3 n1

2,53 m
= 1.06

]
B

The resulting factor from the Boussinesg stress contonr
chart 1s 0.3p. The resulting stress iy

g, = 0.3p=(0.3) (mn %)

1

= 30 kN/m?*

The change in stress at 3 m below the center of the
foundation is

kN
“ = dfg
m

= —8 kN/m*

kN
i

(—10 kPa)

Ag, = A

The answer is {B).

13.
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72 CiIVIL PE SAMPLE EXAMINATION

in this casec. the only force that tonds to resist overturn-
ing is the weight of the wall, W. The only force that
tends to overturn the wall is the active foree, Fy,

The wall's angle of friction, 4, is 0°, so the active force
can be caleulated using the Rankine theory.

Pn:%?Hiku
1 kN 2
—= | = 19 — 1 (5. (.32
(2)(91113)(}01‘:1) (0.32)
= 76 kN/m

The active carth pressure coefiicient is

ko = tan® (-—155 e g) = tan” (45“ = 3; )

= 32

The overturning moment per unit length of wall is

 H kN 5.0
Z‘H‘{Wcﬂurniug = Pn‘g_ = (?ﬁ E) (J 3 )

= 126.7 kN-m/m

The weight of the wall, W, is equal to W, plus W,
I:|'rrl =1 I D'.'."t:um:rﬂ‘rt

= (5.0 m){1.0 m) (2-*1 k\I)

m

— 120 kN/m
W, = ‘;‘H-D'Tfmcrttc

{ kN
s (5) (5.0 m)(1.5 m) (2’1 ,T{:’?)
= 90 kN/m

The resisting moment per unit length of wall is
Z Mresisiing = Wi + Waxa
kN kN
= (12['.' ——) (2.00 m) + (‘}D ——) (1.0 m)

m m
= 330 kN.m1/m

The [actor of safety agaiust overturning about the toe
(point A of the jllustration) can be expressed as

wnn KIN-
FqGT = Z P’“frcsisting s S m .
Z Muverturning 1926.7 kN-m
11l
= 2.6
The answer is (C).

14. Since ¢ is 0°, the Taylor slope stability charl can
be used to solve this problem.

il I ,'l A 11
toe circles f Il ok
.......... base circles i 1,".’ ,
e s slope circles 5 gif f 10
_ il
H JE N
. i B L I 9 w
A 1 T
ﬂ% slope T 7. ik w
- - gircles_.1 1 -1 § Y =
fN L T Nirm base AN A B =
0 A £ 1i/ b ';J -
- o " ¥ 'B -
values of d 7 q'1|ﬂ£ : 2
.-" F. .f. a
4 t « 03/~ i
r ‘;J .J 7 {5 ' ' ~ g
AT RN
g A 1 Faisl -
2T « LT ol » circlos ﬁz
& & ...-"'F___.." s =i ] 3’
B8 ¢ § 1 e P i L SO 6
S 7 L L B R T R ‘
- R o e R e Aol Sl B
| ..-""ﬁ toe circle ""‘IE.EI d== .

70 60 50 40 30 20 10
slope angle, B ideg)

source: Soul Mechanics, NAVEIAC Dosign Manmal DM-7.1, May
1982,

The depth factor. 4. is the ratio of the vertical distance
between the toe of the slope and the firm base below
the clay layer, D2, to the slope height, 77 (Lhe depth of
the cut).

D
H 6.0 m
0.5

The Tavlor chart shows that, for a depth factor of 0.5
and a slope angle, 3, of 537, the stability number, Ny.
ig 5.0.

The cohesive tactor of safety for the slope is

Nge
Pl:ﬁ].lﬂ-:i‘lﬂ_‘ — w;—
~ (5.3)(50 kPa)
8 kN
19 — | (6.

( 9 mﬂ) (6.0 m)

=241 (2.5)
The answer is (D).

15. A strength envelope can be constructed using Lhe
data given. Mohr's circle can then be construeted tan-
gent to the strength envclope al point 2, as shown.
From this arrangement, the major and minor principal
stresses are found.

PROFESSIONAL PUBLICATIONS, INC.
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200

ol a=95kPa 2

shear stress (kPa)

L .

o4 = 350 kPa

100 200 300 400

normal siress (kPa)

The answer is (B).

16. This problem requires use of the American As-
sociation of State Highway and Transportation Offi-

cials (AASHTO) classification table for scils and soil-
aggregale niixtures,

The percenfages of material passing the no. 10, no. 40,
and no. 200 sieves are

no. 10 (2.00 mym) 45%
no. 40 {0.425 mm)  35%
no. 200 (0.075 mm)  28%

The liquid limit (LL) and plasticity index (PI} of the
material passing the no. 40 sieve are 34 and 13. re-
spectively. Therefore, working from left to right on the
AASHTO classification chart, the appropriate subgroup
for this soil is A-2-6.

The AASHTO classification also containg a number in
parentheses. This number is the group index. For sub-
groups A-2-6 and A-2-7, the group index is

Ig = ﬂ.nlupgm] = lﬁ)(PI 10}

Fyyg 18 the percentage ol soil passing the no. 200 sieve.

The group imdex is always reported to the nearest whole
number. (If it is calculated to be negative. then it is
reporbed as zero.)

1, = 0.01(#3200 — 15)(PI — 10)
= {0.01)(28 — 15)(13 — 10)
=0.39 (0)

Therelore, the final AASHTO classification for this soil
is A-2-6 (0).

The answer is (A).

[ R TEES= Y =

17. The resultant is a 32 kips force located ¥ from the
leftinost load.

_ > P
- XA

(8 kips)(0 £t} + (8 kips)(10 fr) + (16 kips}(22 i)
N 8 kips | 8 kips + 16 kips

=136 ft

10t 121t

8 kips 8 kips 16 kips

Y Y|V

'H 32 kips
X

The absolute maximun bending moment. occurs under
the 16 kips load when the distance from midspan Lo 16
kips is equidistant [rom midspan to resultant. Thus,
the distance from midspan to 16 kips is

e RS
22 ft 2!5;1 1, oA

10ft 121t a
H‘—‘—‘ﬂ i

8 kips B kips 16 kips

rl'
ez | e a254 R

40 ft 40 ft

The reaction at the right support is found by sunming
moments about the left support.

D> Mx =0=(Rp)(80 ft) — (32 kips)(10 ft — 4.25 ft)
B = 143 kips

The bending moment muder the 16 kips load is

Muex = Hpa
= (14.9 kipﬁ}(-ﬂ] iL—4.25 tt)
— 30 fl--kipﬁ {51ﬂ fr-kips)

The answer is (A).
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18.

18 kips

‘ 18 kips 18kips

20 ft

Sui woments about peint g. (Assume clockwise mo-
ment is positive,)

JoMy = ¥ mFe= 0

(00 f£) 0, — (I8 kips)} (7o ft + 60 ft | 45 ft) =0
R, = 36 kips

Pass a cutting plane vertically between panel points ©C
and T): consider the left side as the free body, Take
morents about point c.

e T B

(20 fr) Fop - (36 kips)(30 1) — (18 kips)(15 ft) = 0
Fop = -400 kips { 40 kips)

The answer is {(C).

19. Since the resultant compression force acts within
the widdle one-third of the cross scetion, the gross cross-
sectional avea is effective in resisting the combined axial
and bending stresses,

A= bh = (32 in}(32 in)

= 1024 in?
s En‘_t,* _ (32in)(32 in)
BT 12

- 87,381 in*

F is the axial compression force, ¢ is the eccentricity,
alel ¢ 18 the distance from Lhe conter of the column Lo
the odge.

P Pec
fi=—2=7
B _llﬁ kips (110 kips)(5 in){16 in)
1024 in? 87.381 in?

= —0.208 kips/in? (0.2 kips/in®)

The answer is {(A).

20. The area of one no. 10 bar is 1.27 in®. The vicld
stress of a grade 60 rebar is 60.000 Ibf/in®. The total
compression arca required to balance the tension in the
rebars is

; bt
49(1.27 in®) | 60.000 =~
izt int) (o000 7 )

(01.85) (mm E)

in“

P
“ Q8K f

— R4.6 in’

This is greater than the area of the “ears™ (i.e., of the
sides of the trough).

Avop — (2)(5 in){4 in)
= 40 in?

Therefore, the compression zone extends below the
trough.
i Ac — Aiop  89.6 in? — 40 in®
By — =5 -
| O 22 in
=225 1in

18.5in

— four no. 10

25mn

221n

The design moment strength of the section is @M.
Taking the moments of the internal compression force
about the centroid of tension steel gives

oM, =) 6Cu(d- A)

( (0.85) ( k'—-is) (40 in?){18.5 in — 2 in) )

111
= (0.9) + (0.85) ( %) (22 in)(2.25 in)

\ o (18.5 in—4 in — 2'2: m) J

> 11t
12 in

= 337 ft-kips ({340 ft-kips)

The answer is (B).
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21. Allowing 3 in minimum cover plis 1 in bar diame-
ter for the separation hetween the no. 8 rebars in each
direction, the effective footing depth is 16 in.

_———

m*itmnl 5E¢Eun {ﬂr
pu m:hmn shaar

The critical punching shear perimeter is at 4/2 from the
colimn tace. Thus,

by —4Hh+d) =
= 120 in

(4)(14 in + 16 in)

For square columns, the conirolling punching shear ca-
pacity is given in ACI 318,

Vi — A/ Flbod
bt

s (4)({],75)\/3{][)[] ;—E{IQD in)(16 in)

— 315,488 Ibf (316 kips)

The design foree on the column is uniformly distributed
over the 8.5 1t < 8.5 ft spread [ooting. The punching
shear exchides the distributed foree within the distance
d to every side of the colunm face. Thus,

Vn — Wy J'f'11‘.1:i,1'; < &V,

14 in+ (2)(16 i)

in
12 —
ft

wy | (8.5 fL)(8.5 ft) —

< 316 kips
uy, = 5.49 kips/ft?
kips
Py < Hlui'lf < (a.l 49 ﬁ) (3 D [L](S o ft)
< 396.7 kips (400 kips)

The answer is (B).

22. The location of the centroid of the fastener group
is known from symmetry. The polar moment of inertia
of the group is

""F=j#¢ F I‘.r.r

L 2
= (4) ((3 in)? + (6 in)?) + (10) (—;—-ﬂ)
= 242.5 in®

The statically cqunivalent [orce system is 36 kips upward
through the centroid plus a connterclockwise moment
of (8.5 In}(36 kips) = 306 in-kips. The critical fastener
is an extreme fastener for which the y-component acts
down and adds algebraically to the y-component of the
direct force. Thus,

£ 36 kips
o
= 3.6 kips
R Mz (306 in-kips)(2.5 in)
S TR 242.5 in?
= 3.15 kips
My (306 in-kips}(6 in)
Rﬂ!.-.‘l" - =
Iy 242.5 in?
= 7.57 kips
P = 36 kips
s B.Einﬂ__
£ R e
o 7|0 e e
" s W
m g, 1 I'.'. " I. I
® Py e
ARE ey
% .. : .l.
Y I @
£

The resultant is found by veetor addition of the com-
ponents.

R=\/R2, + (Rmy + Rp,)?

= \/(7.57 kips)? + (3.15 kips + 3.6 kips)*
= 10.1 kips (10} kips)

The answer is (C).
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23. The flexible diaphragm behaves as a simple beam
between the supporting shcarwalls. The maximum
bending moment occurs in the 80 ft span between shear-
walls on lines B and C.

b ;
| l? (320 E).(an &)

M=

< 8
— 256000 ft-1bf

The morment is resisted by the chords, which are nomi-
nally 55 ft apart. Thus,

O=T= M‘;j‘“"
256,000 Ft-1bf
- 55 ft

— 4654 Ibf (4700 Tbf)

The answer is (B).

24. The Mghr's circle drawn for the state of stress on
any two orthegonal faces plots as a point at (7. 0). Thus,
the radii of the stress circles arc all zero, which means
that the shear stress is zero for all possible orientations
of the clement. Hence, there can be no shear slip in the
element. Plastic deformation can occur in steel only in
the presence of shear stresses; therefore, ductile behav-
ior cannot oceur. Since the shear stress is zero under
Lhis triaxial state of stress, failure can occur only by
cleavige.

The answer is (C).

25. Find the LOS using the LOS criteria tables and
similar tools in the HCM. At the given free-fiow speed
of 65 mph. the maximum service fow rate (1350 pephpl)
is greater than the maximum service flow rate for LOS B
(1170 pephpl) and less than the maximmm service flow
rate [or LOS C {1680 pcphpl). Therefore the frecway is
considered to be operating al LOS C.

The answer is {B).

26. Iu a three-leg intersection, therc are three conflict
points for each of the counflict types (crossing, merging,
and diverging).

The total number of conflict points is nine.

The answer Is (C).

27. The peak hour factor (PHF) is defined as the ratio
of the total hourly volume (HV) Lo the peak rate of flow
within the hour (PV). The volume of traffic that passcs
during the busicst 15 min, Vi5 . 18 700 vph.

PHl- - PT"‘I - 4-[“15 EIALTS
veh
2400 —
(200 )
b
(4) (?5{} 1”—)
hr
= .80
The answer is (B).

28. First detertuine the density, D, from the given
equation using the given average travel speed of 50 mph.

mi
1

§=5—— | gz .1 p
hir veh
mi
mi
mi_ o, i o _hr
5{]hr—65 hr u.suﬂ i
mi

D = 35.T vpn

The flow rate can be calenlated using an HCM traffic
density cquation, given the speed and density.

D=
S5 2 Tmi
e B

hr
v = 1785 vph (1800 vph)

The answer is (B).

PROFESSIONAL PUBLICATIONS, INC.
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29. Option (A) is fulse. The average daily traftic (ADT)
is the average of 24 hr counts colleeted over a number of
davs greater Lhan one but less than 365. The given def-
inition is for the annual average daily traffic (AADT).

Option {B) is false, becanse trathe control devices such
as Lraffic lights and stop signs nusually cause fixed delay
on roadways. The causes of operational delay include
traffic side frictions.

Option (C) is true. Space wean specd is always less
than time mean speed.

Option (D) is false. The first part of the statement is
correct (local roads have more access than mobility),
but the second part of the statement is false because
local roads nationwide carry a much smaller [raclion
(only about. 20%) of the travel volume. Ovwerall, the
statoment should be considered false,

The answer is (C).

30. '|'he stopping sight distance, S, is the sum of brake
reaction and brake distance. From the AASHTO Green
Book, the brake reaction for 45 mph speed is 165.4 ft
with 2.5 sec percepiion reaction fime.

The brake distance for a highway on grade. ¢, is also
given by the AASITTO Green Book. The deceleration,
a, is assumed to be 11.2 [t /sec® as a defauls value.

v

30 ( S G)
g
2
(63)

d:

11.2 iﬂ
(30) stk "“ﬁ.:_ — 1).05
32.2 —
]l
— 226.6 It

S = 165.4 ft + 226.6 ft
—~ 302 f (390 ft)

The answer can also be obtained by interpolation from
exhibits from the AASHTO Green Book.

The answer is (C).

31. Based on Lhe given traffic volumes, link ADB rep-
resents a major highway, and link CD is a minor road.
The traffic is predomninantly from A to B and B to A
The furning movements can be accommodated by at-
grade turns. A diamond interchange can handle the
large volumes between A and B and can incorporate
the at-grade turns. A simple diamond interchange is
the maost suitable.

The answer is (C).

32. Use the average end area method to caleulate the
volume of cut and the volume of fill.

e L(Al;—ﬂlg]
5 o (100 fe)(9 fr* + 15 f*)\ /1 vd®
= 2 ) 27 fi3
= 4414 yd*
(100 ft)(24 fi® 4+ 32 ft?)\ /1 yd®
Vi = =
2 27 ft3
= 103.70 yd°

The net carth volume (NEV) is

NEV = Veur — Vi
= 44 .44 yd® — 103.70 vd*
= —59.26 yd® (60 yd* of £ll)

The answer is (B}).
33. The unit volume produced from 1.0 in runoff from
the watershed s
unic = Agh
— ac :
~ (43 mi?) (540 i—m—i) (1in})

=
12 -
ft

= 2293 ac-it

Since the actual food hyvdrograph volume is 3260 ac-ft,
the depth of runoff in the flood hydrograph is

Victual B 3260 ac-ft
Vunit = 229” ac-f1,
= 1,42 in

d:

The actual flood hvdrograph peak is 9300 ft3/sec, so
the unit hydrograph peak is

&3

Q 9300 —

Qi = REINE, o
= d 1.42 in

= 6549 ft* /in-sec (6500 ft* /in-sec)
The answer is (D).

34. The coefficient of velocity is the ratio of actual ve-
locity to the theoretical veloeity at the nozzle,

y Y
[:\.- =5 _EIIC tual
Vih

PAOFESSIONAL PUBLICATIONS, INC,




78 CIVIL PE SAMPLE EXAMINATION

The theoretical velocity 1s

acbual

ft
98—
sec

(.95
= 103.2 ft/sec

The ratio of the vena contructa (jet) area to the arca of
the nozzle is the coefficient of contraction.

From the continuity equation,

Q= Q-
vid| = vaAhju
o _ 084zv; _ 0.8D3v,
Al ﬂ‘d
(0.8) (0.8 in) (ma 2 f—t)
1 e i
a (3.15 in)*
= 3.33 fi/sec

The Bernouli equation from point 1 (base} to point 2

{jet) is

. . ) 2
Plﬂ: o 1 YJJQ’ +zg_,_"-2

P4 24 Py 2g

At 160°F, the density of water, p, is 61.0 Ibm /ft*. The
pressure at point 1 is found from

(12 , Ibm-It ) (_ - £ )2
Fi L3 - 12 "i.‘- _+
Ibf-sce i seq:

' Ibm | 2g
(f‘il 0 “ﬁT) G
(m‘a 2 %)
=0+0+ :
24

p1 = 10,061 1bf /it

Ibf 1 ft*
(m - F) (144 mﬁ)

— 69.9 Ibf /in® (70 psi)

The answer Is (C).

35. The Manning coefficient, 5. for brick is (1.016. The
cross-sectional area for a rectangular channel is

A =duw = {5 k)10 {1}
— 50 ft2

The wetted perimcter is

P =2d+w=(2)(5 )4 10ft
= 20 ft

The hydraulic radius is

4 502
- P 920t
— 80k

The slope is
2
5 f. W8 _)
1.49AR2/3

g
(m&U ﬂ—)(
318,
(1.49)(50 ££2)(2.5

.:3;‘1

— 0.01517 (1.5%)

The answer is (B}).

36. The NRCS curve numbers are obtained from tables
deseribing standard ground cover types.

unit curve number

1 39
2 72
3 o

The weighted enrve number for the basin is
CN:A4; 1 CNoAs + Cl\z:_g.f'l:i
A+ A + Ay

(39){200,000 ft*) + (72){300.000 ft*)
3 + (98)(180.600 [t*) _
200,000 ft2 4+ 300,000 ft2 + 180,000 2

= (9

CNoas =

The storage capacity i3

1004 1000
S=———-10=———
CNy A= 69 5

=449in (4.5 in)

The answer is (D).
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37. The volume of the basin is

¥ L] ‘[L 1 "
Viasin = Qt = | 3.5 — | {50 sce)

SCC
=175 f*
The power required is

P = f-"('ﬂl'hmﬂtl

2
(2 050 x 1072 L :’“) (S'm i) (175 ft7)

ft? sec-ft

— 2502 [bf-t/sec

Assume turbnlent flow. The power required to drive the

impeller is

P N *H"I-p “;i D'ip
Je

The impeller diameter is

Pg. \'/°
)= (_*_9_)
Npnsp

. 173
(2:.92 "’”t) (3-2.2 Lo )
3

sec Ibf-sec®

e 2) (o 2)

1.55 1.

|

Calculate the Reynolds number to check the turbulent
flow assumption.

D?np
14

A TR _I'E"'i) lbﬂ
[:]..I.Jt]' fL:l ('i i (f}Zél it 5

HJI‘-:;F-:: Ibm-ft
i = _.E. AR e -|' ;
(E.I'Jui] % 10 ) (d lhf—ﬁ(!ﬂi)

Re =

— 681,333

The Reynolds number is greater than 10.000, so the
assuuption of turbulent flow is appropriate.

The answer Is (B).

38. The hasic reaction is
Aly (SO4), + 3Ca (OH), - 2A1{OH),| + 3CaS04

The molecular weights of the reactants are as follows.
For Al3(SOy)y.

MW = (27 2 ) (2)+ (32 2+ (16 2y () 3)

mol ol mol
— 342 g/mol

For Ca{OH)s,

MW =40 = + (16 == +1 ) (2)

1ol mol mol

= 71 g/mol

For Al {{}H};h

g
N = f "

MY 27 1ol (l mol " ['lll)l) (3)

= 78 g/mol

For CaSQy,
£ £

o ol mnl rnn]) (4)

= 136 g/mnol

The alum daose is
o 1 mol alumn
e & .} -
Dy ('%-i. mol *ﬂmu) ("’ mnol AHGH}::T.)

1 mol Al{ {}Hh)
H!jr -4 M{GH};
E

30 —2 Al(OH); )

6. ug[[J

The mass of alum required per day is

= Uaiqu

_ (5.77 &Y (g5 2 I
= (o577 ) (05 %) (000
1 kg
(Sﬁ A rl) (1{]Ej mg;)

= 2841 kg/d (3000 kg/d)

The answer is (A).

39. For plain sedimentation, Type 1 settling ceenrs.
Asgume Stokes” law applies. The settling veloeity is

[:‘3' tparticle 1) HEH
18w

(22— 1) (65 x 1075 &) ( * %)

Vy =

2
(18) (0.826 x 103 )
— 0.0011 ft/sce

The Revnolds number is

f{- ! | =
«.D (u.unu —) (6.5 x 107 ft)

7 8CC
Ro= "
i

_ I”
0.826 x 10 = —

Ser
= (L{OURG
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Sinee the Reynolds number is less than 1. Stokes™ law
applies. For 100% removal, the scttling velocity is the
overflow rate (OFR).

OFR = 0.0011 ft*/ft*-scc

The area of Lthe tank 1s

3
18 -
T - Sec
- OFR ft
0011
- ft2-sce
= 16,363 ft* (16,000 ft)

The depth of the tank is

= Fsettling Vs

= (2.5 hr} (SGUU E) ({}.ﬂﬂll —fE)
hr sec

L 99f (10 ft)

The answer is (D).

40. Statement II is false. Chlorine demand affects the
dosc required to achieve a particuiar concentration. bnt
it does not directly relate to removal efficiency.

Statement IV is falsc. Filtration has an important eflect
on overall removal efficiency, and slow sand filtration is
noa excepiion.

Statements I and 11l are true.

The answer is (B).

PROFESSIONAL PUBLICATIONS, INC.
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Solutions
Environmental

41. The average daily How is based on per capita fac-
tors in the absence of site specific data. Common values
arc 100-125 gal/capita-day.

The average daily domestic How is

(elom = Q-::up i

(Qeap 18 the per capita daily domestic flow. P is the
number of people {capita}.

wal

Q«‘Ium . (12{1‘I 106 gal

= 8.125 MGD

1 MG
5. | ita) [ -
uapita-da;,-) (65, 000 capita) ( )

The industrial How is

Qimi — (?“m'.‘q

Qumiv 18 the daily industrial low per unit area. A is the
area contributing to industrial flow.

. gal \ [ 1MG
s e (m,ﬂ:}u ac—da}') (200 ac) (mﬁ gal)

The excoss imfltration is

Gine ~ EdL

I’ is the cxcess infiltration rate, d is the diameter of
pipe, and L is the length of pipe.

(24 m)(5 i)
+ {12 in)(16 i)

b (R in){22 mi)

Qint = (ﬁm P )

dav-in-m

. 1 MG
109 gal

= (1.293 MGD

The total anmmal average daily flow is

Qt.ut;d.f — Qdmu + Qind =5 Qlﬂ.f
= 8.125 MGD + 2.0 MGD + 0.293 MCD
10,418 MGD

T'he design peak daily flow is

200%
Q;}cak — Qtﬂml (m)

= (10.418 MGD)(2.0)
= 20.8 MGD (20 MGD)

The answer is (C).

42. The maximum daily design How is

max — Qa\gPFd

(Qave is the annual average flow rate in MGD. PFy is
the peaking [actor for ihe maximum daily fow.

Quex = (3.5 MGD){2.0)
= 7.0 MGD

The peak hour design flow is
Q}}E‘&R = qugPFhr

Pky, iy the peaking factor for maximum hourly flow,

Qpeak = (3.5 MGD)(4.0)
= 11 MGD

The arca of the clarifier is calculated by dividing the
maximmum daily fow bv the overflow rate (OFR),

(7.0 MGD) (mf- E)

4 — Qux _ MG
OFR 300 — &4
day-ft*
— 8750 fi?

The area based on the peak honr How is

(14.0 MGD) (mf- ﬂ)

" Oorr gal
2000
day-ft?
= 7000 ft°

PROFESSIONAL PUBLICATIONS, INC.
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Maximum daily fow controls. The diameter based on
maximum daily low is

\/: \/H){m 50 %)

=1065# (110 ft)

Check weir loading. The weir length is

[ = =D = (110 (&)
— 345.6 ft

The weir loading at peak hourly fow is

: , 6 111
(14 MGD) (m wu)

Gweir — {?EH -

345.6 ft
- 40.509 gal/day-ft

This result for weir loading would not work, becanse it
is greater than the 35,000 gal/day-ft criterion. The weir
length necded is

(14 MCD) (mﬁ £al )

r Qlllﬂ‘{ s L‘IG
“'Illl - =
Pwcic 33,000
2 dm ft
= 4} ft

The required clarifier diameter based on weir length is

it (A I
T T
= 127.3 &

Check the detention time with a 130 ft diameter. The
problem gives the sidewall depth. . The tank volume is

rD?h (130 f1)%(8 ft)
4 4
106,186 ft*

V =

Il

The detention Lime 1s

trf. 4 =

®
(106.186 1t*) (24

hr 11T gal
— A8 —
(!n}') (=5 (72 55)

(14 MGD) (10 MG)

= X1 nun

This deiention time is greater Lhan the given mimimum
detention time of 60 min, so this result is okay. The
clarifier diamocter that moeets all eriteria is 130 tt.

The answer is (D).

43. The MLSS in the sludee waste Linc is

(mun %) (umn ";I‘)
ML&S = 5 S

SVI
(mnn F“—g) (1[}0{3 ]11)
g Ay
100 25
g

= 10000 mg/L

The MLVSS in the sludge waste line is
X, &PC

P is the percent volatile solids. C is the MLSS concen-

tration.
. MLVS$S Ing
Xy = (urm T ) (10000 =2)

~ 7000 me /T MLVSS

V, is the volume of aeration in m®, X is the inixed
liquor VSS in mg/L, ), is the cefHuent fow rate in L/s.
X, is the cffluent VSS in mg/L, and @, is the wasting
flow rate in [./s. The sludge age, or mean cell residence
time, 8., is

oo VX
== QEX . Qu ‘1:1'1"
3 : mg
(4300 m )( mg) (2500 — MLSS)
(i)
L mg MLVSS
200 — =5 b e
( 00 H) d{:l}[] HJ 5 )( 0.70 S )
L were. BN o g
+ (20 H) (tahnu E) ( 000 .L—)
—~148h (15 h)
The answer is (C).

44, 'The basin volume basced on detention Lime 18
JE =00

JE) (th gal ( 1 [t? )
day MG/ \ 7.48 gal

; ; 1 day 1 hr
XA (21 h.r) (ﬁﬂ min)

= 16,711 ft*

PRAOFESSIONAL PUEBLICATIONS, INC.

L




R Tpspmt T g FE R T OB

e e a e ISR e Y T

i heaon Ly

SOLUTIONS — AFTERNOON SEssion 83

The area based on detention time 1s

vV 16,711 &7
A= - =
i 8 ft

— 2089 ft*

The diammeter based on detention time is

_faa \/{4} (2089 ft*)
w w

= 51.6 ft

The area based on overflow rate is

(2 MCD) (mﬁ g—“l)
8 B MG

\ ) gﬂl
60
day-ft*

— 3333 ft?

The dinmeter based on v ois

o A \/4}(3333 f2)
Ve

Iy

=65.1 [l [controls]

(Check the weir loading for a 65 ft diameter. The weir
length is
L =aD ==(65ft)

= 204.2 ft
The weir loading is

(2 MGD) (m” iﬂ,—)

204.2 ft
= 9794 gal /day-ft

Q

QWEHT‘ R
[

The weir loading is aceeptable. The diameter of the

basm 15 65 ft.
The answer is {(C).
45. The mass of available alum is

=
Malum = L"HllunP

Cylum 18 the concentration of alum, and 7 15 the fraction
of available alum.

Mglum = (1-4[!0 ];_}-,’) (I]-IH}

= (1.686 kg/L

The atomie weight of alnminum is 26.98 g/mol. The
aluminum available is

Car - Mapum(WR)

WH is the ratio of mass of aluminum to mass of avail-
able alum.

k {
Cur = (0,686 -  alum y maol Al
I solution mol alum
I Al | mol alum
= (Zh‘JB ol AI) (fi!iii.? g alum

< (1000 £ )

53.3 kg Al/L solution

The reaction for phosphate precipitation with alumi-
nuin is

AI™ + H,PO: ™ & AIPQ; +nH*

(ne mole of aluminum is required to precipitate | mol
of phosphorus.

The alomie weight of phosphorus is 30.97 g/mol. The
theoretical unit alnm dose regnired is

TILAL
Dh.him
filp

1 mol Al Imol P . Al
o 2698 -
( 1 mol P) (m.ngP) ( b8 maol Al)

=871 g Alis P

It is the ratio of actual to theoretical dose required, The
unit. voluue of alum required is

DEL].'LII'.L'I H

]"‘imi. i
| Clal
e EAl . actual dose
0871 =—— ] { 1.50 _ =
( | g P) ( ™ theorctical dose
. g Al

BHRT - -
L alum solntion

= 0.0235 L alum solution/g P

The volume of alum sclution required is

I"mmi —= Qci"1.:rlit

N (s& 400 ) iy el
- (l [,.'

) (m.nzz:sa el 5“1_‘”1'1“11)
g P

&
. (Iﬂﬂﬂ e
= 8122 L/d alum solution

The answer is (B).
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46. The averall mass of TSS removed is

mrss = (O — Ce )@

(’; is the influcnt TSS econcentration in mg/L. C, is the
cfilnent TSS coucentration in mg/l.. and @ is the How

inT./s.
. mg mgy f L s
ThiTsg — (22{] — — 20 —) 400 — (Bﬁ'ﬂju -)
L L S d
I k
% ., 5
(1(?“ mg)
= 6912 kg /d
1'he BOD entering the aeration process is
Cfu — [-:1' I

F is the [raction of BOD entering aeration process.

. faen MEY {100% — 30%
‘:'“—(2”“1,)( 100% )

— 196 mg/L

The mass of biological solids prodnced is

Hipin = Y (ﬁt BUD)Q

Y is the cell yicld in kg/kg.

Wi = (ﬁﬂ kg suspended solids removed
Trics 1”0 kyj B(-}D remnve{i

g mg . L
( T it —— : =
x (196 " BOD - 20 — BOD) (mm E)

ks (86400 :i) (1(?1!‘3]2?15)

— 3650 kg suspeuded biological solids

The total dry shidge mass produced is

Miotal = MTSS | Mbio

kg kg
= flu F - L]
= b2 d + 3650 _d

= 10362 kg/d (11000 kg/d)
The answer is (D).

47. The mass of sludge wasted is

o ¥
/ Jx T 'Q wasLe 't o wasto

Quaste 15 the waste flow rate. C, .. 15 the waste sus-
pended solids concentration.

g Ths I L nig 1 kg
P, = (3{! e ) (lﬂﬂﬂ m3) (I{JU{H] = ) (HJGE)

— 300 ke/d

The volume of methane produced is

e (0.35 mﬁl;ﬂ“) (EQS, — 1.42P,)

3
o ({j_gﬁ L1l GH.;)
kg
5

& (0.7) (300[} E) (dm H‘g) \R

d L

1 _ L
b (IOUU rn;_,;) (1[}{][} E)

g
. | 100D e |

kg
—(1.42) [ 300 =
| - (30 ) )
— 1449 m*/d (140 m*/d)

The answer is (A).

48. The reactions arc

Cl, + H;O = TOCI+ HY + QI
SOz + HOCI + H,0 = C17 + 50,7 4+ 3H'

The dose of 50, is

g 1 mol Cl.\ /. mol HOCI
Pl = T2 *-‘L) 2
=0 ( = ('rlgf::h1 ) (l mol Cl,

2 (r2 - K HOCI (1 mol H{‘)g i
g mol HOC1 mol HOC]

. 1 mol HOCI) 61 g S0y )
52.5 g HOC ~ mol SOy

— 5.41 mg/L

The mass per day of SO; is

m =00

_ (541 25 (50 ©) (86400 ©) (L2
= (.41 =) (:su H) (86400 - ) (mﬁ mg)
=374 keg/d (40 kg/d)

The answer is (D),

PROFESSIONAL PUBLICATIONS, INC.
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49. The overall denitrification rate is

Ul = Uaa1.097-%(1 — DO)

U4 is the specific denitrification rate in (kg NO3-N}/
(kg-d MIVSS), T is the wastewater temperature in °C,
and DO is the wastewater dissolved oxvgen in mg/L.

. kg NO3z-N 10-20
== 2 t'} j
Vau (" . kg-d m,.vss) L

i T

~ 0.030 kg NO3-N/kg-d MLVSS

The detention time is

Sﬂ'_S

= U X

5, is the influent substrate concentration in mg/L. S is
the effluent substrate concentration in mg/L. and X is
the MLVSS in mg/L.

(26 22 -4 =2 (241—])

- Y 0 d
- kg ND;}#N . g
(ﬂ‘m kg-d Mwss) (zﬂm L )
=704k (Th)
The answer is (C).

50. The area of each port is

i 2
A i
R
P " (12 111)

4 4
= (L.785 ft”

The velocity from each port is

B Q
~ A(number of ports)

3
L
SEC

0.785 £t} (10 ports)

~
= 9.55 fi/sec

Vd

‘The initial dilution 18

=

. (UHL 2Q v cos
“{"(sz) (“’\/1 T eLE )

S is the initial dilution, I/ is the river velocity in [ /see,
H is the river depth in ft, L is the diffuser length in ft,
Q4 i3 the discharge flow rate, and ¢ is the orientation
of ports above horizontal.

S

20 = it
3
(2) (75 E)
sS50C

( (2) (75 E) (9..55 E) cos 60°

(3 E) (4 ft+2 ft) L

1 e SeC
x | 1+ 1+ =

ft. 2
3 -—) Lidft+28)
SR

Solve by iteration or caleulator solver.

L= 80 ft

The answer is (D).

51. The hydraulic detention time is

. LW ied
Q

L is the basin length, W is the basin width, 7 is the frac-
tion of the cross-sectional area not occupied by plants.

d is the basin depth, and @ is the average flow rate in
ft? /day.

200 £)(2500 £)(0.75)(2 1)
2

day

s

40.000

= 18.70 days

The offtuent BOTD is

o o
G.;-, L & C?ﬂAE_n"hTﬂ” 2

C, i8 the influent BODg, A is the coefficient that repre-
senls the fraction of BODs not removed by settling at
the head of the system, K7 is the temperature-depend-
ent, first-order rate constant in d=1, and 4, is the spe-
cific surface arca for microbiological activity in [t /ft®.
If-—;- = KQQ{I.I)T_W
- {nﬂﬂﬁ d- 1 ){ 1.1 )lll-—fétl]
=0.00234d *
(—0.7yn.0023 4~ 1) )

" Ing o ( (45 0 :fftﬂ'_llr'?'r"ilﬂ.?ﬁ o)
= ( 00 1, ){{]JZ}E‘
= 64.5 mg/L (65 mg/L)

The answer is (B).
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852. The air-to-solids ratio is

Mg wir
A (13 qu. m:;) ﬂ'&(.fp&lm i l)

5 S.

@ i3 the air solubility. f is the fraction ol air dissolved at
A given pressure, P is the absolute pressure in atmo-
spheres, and S, is the suspended solids concentration.

The absolule pressire is

(113 i ai_r) i
mlL air
Pabs = _f

I g alr
(sm s ) (u.m = mﬁdﬂ) »

L3 T air (8.7 b a.ii
L air I, waler

0.6

= J3.11 atm

The gage pressure is

Prage = Pabs — Patm

P.1m 18 the pressure of one atmosphere.

101 kPa
— : i : T. . == 1 .n.i
pgnge (tﬁ 11 Ht]’ﬂ.} ( T ) 11 kI’a
= 213.1 kPa (220 kPa)
The answer is (D).

53. The statemcents in options (A), (B), and (C) arc
truc. They describe conditions that can cause high con-
centrations of suspended solids to accumnulate in wastew-
ater cffluent.

The stalement in option (D) is false. [Excessive return
rates can cause dilute return-activated sludege that will
add to the hydraulic lead through acration. This condi-
tion reduces removal efficicney in sedimentation tanks
and, thus, is detrimnental to (he process. However. it is
not normally a cause of high levels of suspended solids
in effiuent.

The answer is (D).

54. The BOD of the dilution in bottle no. 1 is
BOD — iIliLiu__l I.}O —.ﬁll::].] DO
fraction dilution
me g
8. 2= 6.
B & T 6.0 L
1.00%

100%
= 260 mg/L

The BOD levels of the remaining dilutions are given in
the following table.

waste- ETOUD
water dile- iniddal final AVErnge
bouttle portion tion DO DO BOD BOD
no. fmg) (%) (mg/L) (mg/L) (mg/l.}) (mg/L)
1 3 ': 8.6 6.0 260 i
2 3 1 ®.6 .1 25()
3 3 1 N4 6.6 180 230
4 2 .67 8.3 fi.1 358
D 2 067 8.5 G.4 313
G 2 0.67 8.6 .0 JE8 333
7 1 (.33 8.0 f.8 hd5
& 1 (.33 o 19 5.4 (3365
9 1 {).33 8.4 .5 Y o83

Plot the average BOD versus dilution. The data show
mcreasing BOD with increasing dilution, which indi-
cates the prescrnce of toxicity in the wastewater. Bio-
logical activity is inhibited at the lower dilntions (1.0%
wastewater) compared to higher dilutions (0.33% waste-
wator ).

Em =
»
L
3 so0k
(=]
E
-
g
=
&
d
®
300+~
200
i | | l |
1.00 0.67 0.33
dilution {%]
The answer is (D).
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55. Statemoent I is false. Algae produce oxygen. This
alds oxidation ponds by producing part of the oxygen
required by bacteria.

Statement III is false. Phosphorns. as well as nitro-
gen and carbou, must be controlled to meet the water
quality objectives of limiting algae growth.

Statements I TV. and V are true.

The answer is (B).

56. The corroct matches are as follows.

I. Aquatic lile diversity and abmndance can be limited
by the absence of sunlight or the presence of pollution
{2}, and they require the presence of oxygen. carbon
dioxide, nitrogen, and phosphorus (5).

1. Algac and green plants are primary producers. since
Lhey use the coergy of snunlight to synthesize inorganic
substances into living tissue (7).

ITI. Fly nymphs. copepods, and water fleas arc first-
order consumers in the food chain (1).

IV. Suufish are second-order consumers of small herbi-
vores (3).

V. Bass. pike, and salmon are third-order consumers of
flesh-eaters (6G).

VI. Decomposition and decay of fish and other agualtic
life release matrients that are recycled by algac throngh
photosvuthesis (4).

The answer is {(A).

87. The stream velocity is

I, ]. 11’13
Q (400'5) (IUUDJJ)
A

- (T m){(10 m) “

v—

= (.04 m/s

The travel time 18

I
t=—
‘\r"
m 1 min 1 h
(10 k) (1000 ) (T ) (aj ;ﬁﬂ)
0.04 2
-
=594 h

The decimal fraction of bacteria remaining is

EI:=(1+u.ﬁ}—’-f’“

N is the modal manber of bacleria remaining, N, is
the modal mumber of intial bacteria, »n is Lthe coclicient
of nonuniformity or retardation [or the specific water-
course, aud & is the intial dic-away lor the specifie bae-
teria population in the receiving water.

N o 1500 | AR

= (.11

The percenl rewoval is

N
F=(1"?’)KIB[}E}1§

= (1 —0.11) x 100%
= 89% (90%)

The answer is (D).

58. Statement | is false. Nitrogen in the lorm of am-
mouia from conventional wastewater treatment plants
adds orgamic loading that increases bacterial decompo-
sition.

statcinent 11 is false. Disinlection only temporarily de-
pletes microbiological populations, which snbseguently
rapidly iucrease and exert oxvgen demand relative to
the organic load.

Slatcwments 111 TV, and V are true.

The answer is (D).

59. I'he BOD; of the stream alter complete mixing
wilh the effluent is

= Cy€y + Culdy
y ) + (2

'y is the final mixed concentration, € is the ellluent
concentration. (5 is the stream econceniralion before
mixing, @y is the eflluent Dow, and @, is the stream
How before mixing.

g m' _mgy . m
hﬂ——){L 4;——) 6

Tl

BODg 200¢ =

= 8.77 mg/L

Use the same ¢quation twice more to find the DO and
the tewperature of the stream alter coinplete mixing
with the efflucut. For the variables C:. €. and C;,
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substitute the appropriate values of DO and tempera-
ture, respoctively. The DO of the stream after complete
mixing with the effluent is

(22%) (u..ﬁ E) + (85 28) (e m_)

U(}mix s ) 3 3

= 8.0 mg/L

The temperature of the stream after complete mixing

15
3 3
(25°C) (u..ﬁ ”i) +(15°C) (ﬁ f%—)
S ‘l
= T A
0.5 I_“_ + 6 E‘L
s S

=167 C

The deoxygenation rate constant after complefe mixing
15

Kar = Kazooc(1.046)"
— (0.15 d~1) (1.046)15-7~20
=0.1244d!

The reaeration rate consiant after complete mixing is

K1 = Kragee (1.024)
= (0.25 d' 1) (1.024)1% 772
= (.226 d !

The nltimate BOD of the stream after complete mixing
at 20°C is

BODs 200c
mg
8.71T —
L

i

1— 10-{015 d-1)(5 4)
= 10.67 mg/L

The ultimate BOD of the stream after complete mixing
at 15.77°C i1s

BDD.“_?T = BODHI;EUG{;(G.UET .3 ﬂﬁ)

= (10.67 %g) ((0.02)(15.77°C) + 0.6)

= 9.77 mg/L.

The oxygen deficit after complete mixing is

D == Dt = DOk

DO, i8 the dissolved oxyeen saturation, and DO, is
the dissolved oxygen after complete mixing.

mg g
=995 — — 80 —
Do =9.95 T 0 L

= 1.95 mg/L
The time to the eritical point is
i
TR - -
(ﬁr - hd)
165 4BOD, — K, Do + K, Dq K.
gln rdBODH ﬁrr_;_
- 1
T \0.226d-' —0.124 d !

[ [ (012407 (9.77 =F) )

L
R - (0:2264d77) (1,95 1;‘5)
| _remenns |
x logy (0.124 d~1) (9.77 =2)

= (0.226 d'l)
\ 01244 ! /
—1.792 4

The eritical oxygen deficit is

= (KdiF)D“) lﬂ—ﬁ'dlc

(01244 %) (9.77 Ef-))

1

0.226 d 1

> (1"—(1}_12:1 d )79 d})

= 3.22 mg/L

The DO at the critical point is

DO. = DO — D,

—qor 15 499 115
= 9.95 7 3.22 T

= 6.73 mg/L (6.8 mg/L)

The answer is (C).
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60. Statements I IT1. and IV are true. As statement 111
suggests, algae are able to fix nitrogen from the air, so
phosphorns levels have been identified as wore critical
to controlling eutrophication.

Statement 11 is false. It often takes a long time o re-
verse or retard the effecis of eutrophication heeause the
long water-renewal time {dctention time) reduces flush-
ing action.

Statement V is false. Decaying vegetation or algac can
accunmilate in hottom sediments where decomposition
depletes DO and affects aquatic life.

The answer Is {(B).

61. The rate constant at 30°C is

th = Kgu:: (! ET_EU

K, is the rate constant at a specified temperature in
degrees Celsius, Kogeer 1s the rate constant at 20°C,
and # is the lemperaturc constant, which is tvpically
1.047 for a temperature between 20°C and 36°C.

Ke = {0.23 d7*) (1.047)%%
= 0364d7°

The 5 d BOD is

BOD; = L{1— e~ Ket)
- (lﬁf} Hliﬁ) (1 _ E( 0.3614d ')(5 d})

= 125.7 mg/L (125 mg/L)
The answer is (B).

62. Siatements I, 11, and V are true.

Statement TTT is false. The membranc filter technigue
results in a count of the number of colonies of coliform
hacteria. A confirmation test is not regquired.

Statement IV is false. Aervbacter aerogenes is a prac-
tical indicator organism even Lhough it is commonly
found m soil.

The answer is {B).

63. The detention time is

giae ¥ . 1440 m”
8 I 1 m?® s
1002 1 om0 T (Gﬁ iﬁ)
= 60 n

The required CT value, Cit, can be found with ihe [ol-
lowing equation.

ﬁ—* = (1+0.23C) °

kg

a7

Ny 1s the number of coliloriu orgamsms after treatinent
at time £, N, is the number of coliform organisms before
treatment. and C: is the total amperometiric chlorine
residual at time ¢ in mg/L.

200
;UE?EE}L = (14 0.23C#) °
100 mL

At = 430.4 mg/Lanin

For a time of 60 min, €} is

4304 —28
& = L-min
-t

60 in
=717 mg/L (7.2 mg/L.)

The answer is (D).

64. Statement I is false. This is an effluent toxicity
test species.

Statement IV is false. This is an effiuent toxicity test
species.

Statement VIT is false. This is a bacleria known for
oxidizing the taste and odor componnd geosmin caused
by blue-green algac.

Statements 1T, TII, V, and V1 are true.

The answer is (B).

65. When mare than three dilntions are emploved in a
decimal series of dilutions, the results from only three
of these are used in computing the MPN. The three
dilutions selected are the highest dilution (i.e.. the low-
cst sample portion) giving positive results in all five
portions tested (no lower dilution with any negative re-
sults). and the two next succeedingly higher dilutions.
The dilution corresponding to the middle dilution is
used to caleulate the MPN from the MPN index. The
three dilutions used are given in the following table.

samnple  number of
serial porticn positive
dilution {ml) reactions
2 0.0t 5
3 0.001 2
4 0.0001 1
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The middle dilution is §.001 mL. Using the MPN tables,
the MPN index is 70 MPN/100 ml..

The MPN is

I
MPN = D

I is the MPN index in MPN/100 mL. D is the middle
dilution corresponding o 1 ml. of a scries of 10 mL, 1
mL, and 0.1 mL.

70 MPN

MPN = 100 mL

mL
ﬂ-m‘ E

= 70000/100 mL

The answer is (D).

66. The decimal fraction of the wastewater sample used
for dilution no. 1 is

e
F=7

S is the sample volume. T is the total volume of the

hottle.
o L

~ 300 mL
= 0.0167

o

The deecimal [raction of the wastewater sample nsed for
dilution no. 2 is

p_ lomL
300 L
= ().0333

The decimal fraction of the wastewater sample used for
dilution no. 3 is

10 mL
P =
300 mL
= (.050
The 5 d BOID} is
Dl o= Dg
BODs; = — P

Dy s the mitial DO in mg/L, and /2 is the final DO
after 5 d in mg/L. The 5 d BOD of dilution no. 1 is

80 28 _g2o 16

o . L
B = 0.0167

= 107.8 mg/L

The 5 d BOD of dilution no. 2 is

R.2 H%’ — B3 ?‘;_g
BOD: == :
= 0.0333

= 90.0 mg/L

The 5 d BOD of dilution no. 3 is

7 G I e
B(}ng = = [‘ T’
0.0a0
= 98.0 mng/L

The average 5 d BOD of the three dilutions is

BOD,, represents individual BOD results. g is the nu-
ber of samples.

7.8 =2 1+ 90.0 ?—’IEE 4 98.0 ng
BOD,,; = - L ; |
= 98.6 mg/L

The ultimate BOD is

BOD;

S =

k; is the rate constanl to base €, and ¢ is Lhe test dura-
tion in d.

9.6 i?g
BODy, = 1 e @3 =15 D
= 138 mg;L (140 mg/L)

The answer is (C).

67. Statements I and V are truc.

Statement II is faise. Although copper suliate can kill
algae Lhat are in high density in a reservoir, this practice
does not lead to improved biological quality.

Statement ITT is false. Changing the hydrography to
rechice stream velocity would typically decrease stream
reaeralion and have a negative eflect on biological life.

Statement IV is hise. Chlorination of natural waters
would adversely affect stream biology.

The answer is (B).
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68. The lolal ass of the weekly solid waste generation
per household is

I ypel-hh thmpl*l“.‘.ﬂ}u—dﬂ}'

B is the persons per household. miperson-day I8 the
mass of solid wasle per person per day.

_ (-3 g RN )7 TN,
Mweek-hh = | 2V household : wk Pﬂrﬁﬂﬂ—dﬂ}r

= 98 lbm /wk-honschold

The total weekly mass ol separated paper is

Myoek = Miweek-hhd" papcr/sw Imthp:t}'l-nr

Fihaper/sw 18 the mass fraction of paper Lo total solid
waste, V), is the number of households, and Ry, is
the rate of participation of paper recycling.

A _ {03 Ibm total solid waste
S R wk-household

F ( 21 Ibm paper )

100 Tbim total solid waste
80%
100%

% (2000 houscholds) ( participatinn)

= 32,928 lbm paper/wk

The total weekly volume of paper is

Hiweek

Viwesk =
Puaper

Ppaper 15 the density of separated paper.

1o o
wk

g Lo

fts
= 5488 [1* /wk paper

anc&k —

The voluines for the other recylables are given in the
table,

volume
recyclable  (ft"/wk)
paper od8E
cardboard 2001
plastic 490
glass 245
tin cans L9
total 8510

The volmne of reeyclables transported each trip is

2 & =1
1":'W:ri;» =C trip btrip

SOLUTIONS — AFTEANOON sessionN 9]

Cirip 18 the vehicle capacily per trip, and FE),;, is the
efficiency of vehicle ulilizalion.

; vd? 90% \ /.. *
W= (IF’ m) (um%) (’3' :.sd-‘*)

= 364.5 ft* /trip

The number of Lrips is

A/ = l’i\;l{-lul:tl
INrip — =7

I".l Tips

Vil-towa 18 the total volume w be transported per week.

23
GO R
=*inp — ft:;ij
364.5 —- -
trip
= 23.3 trips (24 trips)
The answer is (C).

69. The average numbor of packer trucks is

Npm:hnr-llu}' - m-'dﬂ}rp pm:kcerﬂtkt:r

Mgy 18 the mass of wuste handled through itransfer
station daily. Mpacker 18 the pereent of station wastes
handled by packer trucks, and Lpaener 18 the loading
capacity of packer trucks.

N — (500 U.5. lons / 80% | packer
1 ¥ packer-day : thy T e

= (6.6 packer/day

The average number of small vehicles is

-

h'ﬂmall veli-eduy = Ty Psma.ll vﬂhLﬁmall vesh)

Fooul vwon 18 the percent of station wastes handled by
small vehicles, and L, ven 18 the loading capacity of
srall vehicles.

= LJ.S. tons 20%
;'.\"..F wall vohi-day — .'{_H] S
senall veb-day (J da}' ) (1[}[]%)

I :-:r_naﬂ veh
"\ 04 US. tons

= 250 small veh/day

The peak hourly number ol packer trucks is

nT At
:“'p.-u:knr-hr — l"" packcr—day Fpeuking-mﬁ}:‘pwﬂﬁng—hr
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Flcaking-mo 18 the monthly peaking factor, and Fyeuking-r

is the hourly peaking factor,

average mo par!\er) ( 1 da}r)
day 8 hr

6.6
peak mo )
ave: age mo
peak hr
Eﬂ*rdﬂ'{? hr

= 25 packer trucks/hr

™ ¥
i“'pacl-:ephr = (h

The pesk hourly number of small vehicles is

N, small veh-hr = P"Tﬁmall veh—daj*}' imﬂlﬂn-g.- Ty L peaking-hr

average mo small veh 1 day
250
day 8 hr

5 f peak 1o
\ EI,VEI'HgE 1110

. / 40 peak hr )
\ average hr

= 31.2 small vehicies/hr

The nmmber of bays for packer trucks is

*Mpaﬁk:::r-hﬂ.}"s =N packer-hr U packsr

Njucker-r 18 the mumber of packers per hour, and U, e
is the unleoadiug time per packer per bay.

" > (2% packers 6 min-bay ( L br
= ynt‘kﬂ'r—t&ﬂfb s o hI PHCI(EI ﬂ[] H'llIl

= 2.5 bays (3 bays)

The number of bays for small vehicles is

Ivgmau veh-bays = -r-ﬁ"'rs'{na_!_l 1.-'&31—1‘1[{;5.:'{1:_111 veh

Numali vehhr 18 the number of small vehicles per hour,
and Ugnan veh 18 Lhe unloading time per small vehicle,

b small veh

1 hr
%
(i) min

= 7.8 bays (8 bays)

Il veh ;
“¥amall veb-bavs — (-.'ﬂ.-z E—mﬁ = ) (15 R )

The total number of bays is

3 bays + 8 bays = 11 bays

The answer is (B).

70. The number of moles of material initially present
15
THywinitial

Rinitial = ATW

Maw-initial 15 Lhe nitial mass of solid waste, and MW is
the moleenlar weight in kg/mol,

1000 ke
(40) (12 Eg—c) + (55) (1 ]‘E—H)

mol mol

+ (30) ( 6 k—%g)

Ninitial =

mol

= (0.985 mol solid waste

The number of moles of residue is

T aw-final
MW

Tinal =

Mew-tnal 15 the final mass of solid waste.

350 ke

Nfinnl = (12) (12 k_gg) + (25} (1 kg H) \

ol maol

kg O
mol )

+(10) (

1.064 mol residue

|

The mimber of moles of material leaving the process per
maole of material entering is

Nuw-final

7=
Rew-initinl

_ 1.064 mol
~ 0.985 mol
= .05

The aerobic stabilization process is

CoH:ONg+05(ny+2s+7r-¢)0s
— nC, H;OuN; 4 3CO2 4+ rH30 + (d — 22) NH;
r=0.5(b—nz - 3(d — nzj)

w=t— N

The values for a, b, . and 4 for the initial material
CaoHs504 are

Il

|

. 0o o 8
|
= 8 & B
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The values for 2. x. g, and z for the residual Cy2H25049

are
=12
Tz =20
¥ =10
z=0

The value of r is

r=0.5(b—nx —3(d —nz))
= (0.5) (35 - (L.08)(25) — (3)(0 — (1.08){0}))
= 14

The value of 5 is

& = i — T
= 40 — (1.08)(12)
=97

The mass of oxygen required is

mo, = 0.5 (ny + 2s + r — ¢} {moles Oz)(MWq,)
= (0.5) ((1.08)(10) + (2)(27) + 14— 30)
x (0.985 mol 0s) (32 ﬁg_)

mol

The answer is (D).

71. The mass of solid waste per square yard is

mH “F

— i Ftin
A ite £ sw GLift

s 18 the density of lift, Fe is the proportion of solid
waste, dyp 18 the depth of lift, and A is the area.

: r : W
Maow _ (1 i lbﬂ (u pe?rm golid waste
A vl {i parts total

x {12 ft) (-1_;%)

= 3333 lhm/vd?

The moisture in the solid waste per square vard is

u i { T

T = 3 Dimoist

wWew 18 the mass of solid waste per square vard, and
Proige 18 the percent moisture.

Whre b 209%
p— [ : £ 3 ——
A ('m }raﬂ) (wu%)

— 667 1bi water /yd?

The mass of dry solid waste per square yard is

Mary m— Maw P,-‘]
L

A A
Py, is the percent dry material.

Mary lhm Sﬂ%
-—— = [ 3333 —
A ( yd? ) ( 100% )

= 2667 lbm dry solid waste/yd?

The mass of soil per square vard is

TFigail
T = P Pocitdiigt

Fsoi1 is the proportion of soil.

Mhsoil _ (Eﬂﬂﬂ lbm) ( 1 parts soil )

A vd? / \ 6 parts total
1vyd

= 2000 Ibm/vd®

The average mass of the lift is

Ay — dﬁuilmm_l
dyife ™ dyife 1

Mifs =

dsy 1s the depth of the solid waste, and d_; is the depth
of the soil.

100#ty ... Tbm 2 ft Ihm

= 3111 lbm/yd*

The held capacity 13

O
Pl 0ss (wmu + m.i&)
8111 —o
= 0.6 — (0.55) yd o
10,000 + 3111 ——
}’ffz
— 0.469

The water than can be held in the lift is
FCoe = FC{dry mass of solid waste)
: 1bin
— (0.469 v
(0.46 J(Qﬁﬁ? }rdz)

= 1251 lbm/yd?
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The leachate formed is

li:‘na{:hﬂt{‘ — Wegw — FCEW

Ihm Ibm

o AR e TR

(67 ydz 51 v
= 581 Ihm/yd*

Because the feid capacity of Lthe solid waste is greater
than the actual moisture, no leachate will form.

The answer is (A).

72. The mass of paper to be recyeled per 100 kg of
aolid waste is

Mpaper recveled = Mlpaper collected b‘papi‘f

Mpaper collected 15 the mass of paper as collected, and
Enper 18 the effectiveness of the paper recyeling pro-

Eran.
] { T0%
Minaper ecycled = Eﬂﬁ kg‘_t (I [H]%)
= 24.5 kg
The cardboard to be recyeled per 100 kg of solid waste
is

fHyrdboard recvelad = [:':"7?-:;11-:!1}{:"1-4:[ r:n‘:llfet:turl)(El':ltTfii.ﬁt\\M‘d)
= (5 kg) ( m%)
T 100%
-4 kg

The composition of the waste stream before and after
paper and cardboard recyeling is given iu the following

table.
TNASS AN Imass 45 components
collected  1ass of  collected collecled
with no  recveled aftor after
reeycling  materials recyeling recyeling
component  (kg)  (ke)  (ke) (%)
food waste 10 0 10 14.1)
[afpET 35 24.5 1035 14.7
cardboard 5 1 1.0 3
plastics X 0 8 11.2
textiles 2 () - 2R
yard waste 20 { 20 28.0
class ot 0 8 11.2
all other 12 0 12 6.8
tolal 100 28.0 1.5 HK)LD

The yvard waste will be 28% of the wasle stream after
the recycling of paper and cardboard.

The answer is (B).

73. The dircet haul cost per unit volume and unit

tune 1s
# e Crih
dl: 1L

tIh

Can 18 the cost of direct haul per minute, and L), is the
loading capacity of direct haul.

o {340 ( 1 hr ) 1 direct haul vehicle
o 1 hr 60 min 1o 3;{13

— $00.041/vd* min

‘The semi-trailer haul cost per unit volume and unit
time is
CEI;

Le,

C;l =

(s is Lthe cost of semi-trailer hanl per minute, and Ly,
is the loading capacity of scmi-Lrailer.

i §50) 1 hr \ /1 semi-trailer ‘:’El]itf-le)
k1 by G0 min 100 yd3

= $0.0083 /yd” 1min

P’lot the round trip time versus the cost per eubic vard
for each system. C); and 7 are the line slopes. Start
the sewni-trailer plot at the transier station operation
Cost.

$3.70 at 84 min\

cost ($/ yd?)
W

i 1 [ I 1

20 40 60 80 100
round trip time (min)

The direct haul cost is equivalent to the cost of the semi-
trailer system ab @ round trip timne of 31 min {85 minj.

The answer is (A).
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74. The gross encrgy available from the solid waste is

Egm:n = Migw r-w.

M.y is the mass of solid wasle. and . is the energy

content of solid waste.

.8, tons ibm
15 - {
( 2 day ) (2 e U.5. t{]ﬂ)

Btu
X | 4800 —
( Ihm)_
94 hr
day
= GO0 x 10% Btu/lr

The steam cncregy available from the boiler is

— 1 g
Fieam = Efg rosslsleam

Hsteam 15 the steam cfficiency ol boiler.

. Btu 72%
El'rmrn - ]ﬂh il
oy (600 ™ ) (1{1:}%)

= 432 x 10° Btu/hr

The mechanical energy available [rom the turbine is

Elurhiue = Esu:-n.m Thurhinc

frurbine 18 the mechanical efficiency of turbine.
. Btu 28%
Erarbine = 432 x 10% — :
turbinc ( 0 . ) (lﬂﬂ{f{)
=121 x 10" Bfu/hr

The gross eleciric power gencration is

F, £ross — Eturl.tinﬂ”rlﬂ-.lri-t:nl.

Telectrical 18 Lhe electirical generation cficiency.

Btn 092%
106 -
(121?{ 0° hr ) (IU{J‘?E)

Fgross = ~ Btu

= 32611 kW

The station service allowance is

Pration = (32614 kW) (1331)

= 1305 kW

The unacconnted for heat loss is

Pioe = (32611 kW) ( ]:f,;,)

= 1957 kW

The net clectric power available is

Poce = PEWEE — Fetation — Plosa
= 32614 kW — 1305 kW — 1957 kW
= 20352 kW

The overall cfhiciency is

Pllﬂ'ﬁ

Floverall —
' E
ErOHS

Btu

kW hr

600 x 106 0"

hr
=16.T% (17%)

(29352 kW) (341 3

) x 100%

The answer is {C).

75. The frequeney of exposure is

FOE - tr.'xpuuu:t:
{1 yr} (:ﬂiﬂ E)
v

foxposure 18 the exposure fime measured in days.

120 d

365 d
= 0.329

FOE =

The absorbed dose, AB, is 1.0,

The drinking water equivalent level in mg/L is

D’,E['[ABW]

Ible (DWI)(AB)(FOE)

D, 18 the oral reference dose for MTBE in mg/kg-d,
ABW is Lthe average body mass in kg, and DWT is the
daily water intake in L.

(n‘uua E‘—%) (70 ke)
DWEL = . &
(-z. H) (1.0) (0.333)
= 0.53 mg/L
The answer is (C).
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76. Statement [ is false. RCRA Subtitle C addresses
hazardous waste and RCRA Subtitle D addresses non-
hazardons wastes.

Statement IT1 is false. USEDPA drinking water standards
for MCLs apply to groundwater protection from sani-
tury landfills at any location.

Statements II, TV, and V are truc.

The answer is (D).

77. The flow per meler of gallery is

0.5K(H? - h?)
= “F

K is the coeflicient of permeability in m/s, H is the
water surface height at distance L in meters, & is the
wuter surface height at gallery in meters. and L 1s the
distance to water surface 4 in meters.

(0.3) (ﬂ.lﬂ cm) ( L ) ((ﬁ w)® - (0.5 III.}B)

S lﬂﬂ' C1Il
10 m
(3 x 107* m" /m-s)

Q —
— 2.68 x 107" m*/m-s

The answer is (D).

78. The thickness of the saturated aquifier at the ra-
dins of influence is

#1 = Hinf — Yboliom

Ying 18 the phreatic surface elevation ai the radius of
influence, and Ypouom 18 the clevation of the bottom of
the aquifer.

y=100m—-5>m =40 m
The thickness of the saturated aguitier at the well is
U2 = Hind — Yollom — Ylrawdewn

Ylrawdown 18 the drawdown in the well.

o =1M0m -0 m—-35m=41.5m

The rading of the well 13
ﬂ wll

12 —

»
.

Doy is the diamncter of the well.

_—y 450 min 1m
i 2 10060 mn

= 0.225 m

Using Depuit’s equation, the hydraulic conductivily is

Q-
K= >3
7 (¥ — v3)
L 1m? 300 m
F. _— i
~ (“’U ﬁ) (mno L) . (0.225 m)
7 (15 m)” — (41.5 m)*)
= 378.26 x 107° m/s (400 x 10 * m/s)
The answer is (B).

79. Total hardness includes primarily calcium and
magnesium ions, and to a lesser extent (becausc of nor-
mally lower concentrations) ivon, mangancse, strontinm,
and alwminum. The concentrations of hardness-cansing
10118 are

Ca®" =90 mg/L

Mg?* = 38 mg/L

Fe?™ = (.10 mg/L

£ is the equivalent weight, and M is the molecular
weight. Z is the ahsolute value of the ion change: the
nuimber of HT or OH™ ions a species can react with or
vield in an acid-base reaction. or the absolute value of
the change in valence ocecurring in an oxidation-redne-
tion reaction.

The millequivalents are

Ca’t = ﬂ;‘ﬁ = 20 mg/meq
Mgt = §2£1E = 12 mg/meq
Fe?t = 56;1% = 28 mg/meq
The hardness ions in meq/L arc
i
=5

H is the hardness in meqg/L, C is the concentration in
mg/L, and E is the millequivalents of hardness-causing

1011S.
gp 26

Og? = —ﬂ%— = 4.50 meqg/L
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The millequivalent weight of CaCOg is

40 mg + 12 mg + (3)( L6 mzg)

3

=

= 50 mg/meq

The total hardness as CaCOjy is

meq L eq , Hnmq)
4.50 3.17 24 | 4 oz ™4
(u[ 317 =+ 0.0036 ~
. (5{‘; mg ('13003)
meq

= 384 mg/L as CaCOz (380 mg/L as CaCOas)

The answer is (A).

80. The soil permeability is

M 1 yr 1d
K =185 —
i (‘i"“ 3«*1') (365 {1) (sszmn s)

=1.1% 107 m/q

The total flow for each drain is given by the rational
equation for radial flow. 7 is the length of the drain
in moters, H is the height of the water table above
the invert of drain at the midpoint of drain spacing in
meters, £ is the height of the water level above the drain
mmvert in the pipe in meters, S is the spacing between
drains in meters, and d is the diameter of the drains in

meters.

? *KL(H — h)

Q= =

2.3 log —
; 3log D
: :rr (1.1 x 10 © E) (1200 m) (3.5 m ~ 0.3 m)
: - s
2.3log (%“-1)
- Il

= 0.02287T m*/s  {0.025 m?/s)

The answer is (C).

PROFESSIONAL PUBLICATIONS, INC.
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Solutions
Geotechnical

81. Consolidation s calculated at point A. the mid-
point of the second clay stratum (laver 2). Tt is rea-
sonable to assume that the increase in pressure at the
midpoint of the layer can be computed using the 2:1
stress distribution method. and that the stress spread
starts at the lower third point of the piles.

assumed perimeter

s TR
eeee q../ of surcharge area
3.5 rn] seeen ¢

eeey

—r—

45 m

rigid cap +

X435

The equivalent pressure at the lower third of the piles,
Peq- 1S

P

Peg = ﬁ
2000 kN

- .{_tjﬁ m) (1.5 1)
= 127.0 kN/mn?

To determine the initial pressure. p,,. calculate the proes-
sure from each soil layer individually at the points of
interest.

The initial pressure at point A is

Flaod — Z?i L3
. kN kN

+ (19.[} KN g8 ﬁ) (11.0 m)

m> m3
KN kN .

= 184.3 kN/m? (184.3 kPa)

To detertnine the change in pressures, Ap, calculate the
pressurc change at the midpoint of layer 2 using the 2:1
stress distribution method, and assume that the stross
spread starts at the lower third point of the piles. The
change in pressure at pomt A is

(3.5m)(45m}
(4.5 m + (2) (6.25 m) (0.50))

3.5 m + (2)
X
| % (6.25 m) (0.50)

=19.1 kN/m* (19.1 kPa)

kN
:lp,q_ = (127” —)

m?

For a laver of soil with thickness H. the scttlement S is

C. A
Hlog,, Ro T8

S =
1+ eq Po

The settlement in clay layer 2 is

(.32

14+ 1.03
i S 100
x log g o RN i
7R fah
r1

=0017m (17 mm)

The answer is (B).
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82. The bentonite content, is based on dry weight. The
dry unit weight is

-
o ! —_ I
L P e
=14.4 kN/m*

Each lift has a thickness, £, of 125 mm. The total layer
weight. W, of each lift is

I'i';[.urul — f?d

= (125 mm) (
= 1.8 kN/m’

1 m Hii_i‘«l
1006 mm m>

As 8% (hy weight) of this mixture is beutonite. the total
weight of bentonite reguired per lift is

i‘{ bentonite — !} I.HI" Lobal

, kN
— (0.08) (1.3 r?)

= 0.144 kN/m* (0.114 kN/m?)

The answer is (A).

B83. The hydraulic gradient. i, can be calculated from
the lcachale head, k, and the thickness of the clay liner, ¢.

H 0om+12m

= — =

{ 1.2 m
- 1.42 m/m

The effective velocity is given by

1l m 11}
\ Sl T l{lﬂ — 42 =

=g 1Y~ m.fs

The {low for Lthe entire lundfill on an annual basis is

Q=vA

= (3.52 x 1077 '3) (3.1:} x 107 i)
b }-‘E

< (300 m) (400 )
=32 x10" m*/yr (10? i’ /vr)

The answer is (B).

84. Find the unit weights of the soils.
weight of sand is

The drv unit

kN

- 184 —=

- / 1y
5 L =

1l +w 1 +0.18

= 15.6 kN/m*

The unit weight of sand above the water table (aftor
lowering the water table) is

kN
¥ = va(1 + w) = (15 6 —) (1 +0.11)

= 17.3 kN/m®

The dry unit weight of clay is

kN
2.68) ( 9.81 —
= = SR

l+e
= 12.2 kN/m*

The water content of clay is

Se  (1.0)(1.15) .
SG 2868
= (.43

w =

The saturated unit weight of clay is

L

]d'i
= 17.4 kN /mn?

The initial effective stress at the midpoint of the clay
layer is

L'Tﬂ =0 —4
'\T
/(184]%—981 1_@1) (300m) )
111 1
- kN kN
1 — —498] — 4.

\ (1? 4 mg) (4.0 u1])

= 288 kPa

The final cffective stress at the midpoint of the clay
layer is

N -
(173 li7—)(1631[«} (lﬁig—ﬂﬁl E)

=
kN k

x (13.7 m) + (1?.-‘1 — =981 i;) (4.0 m)
m3 m

= 430 kN/re? (430 kPa)
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The ultimate scttlement of the clay layer is

Al = et
8.0 m ] 430 kPa
B (1 + 1‘15) (035, (l”g 283 kl’a)
=021 m (0.20 m)
The answer is (B).

85. For a falling-liead permeameter, the coefficient of
permeability is
.
K="—Iln—
At hy

The ratios of the areas can be found from the ratio of
the diameters. A is the cross-sectional area of the soil,
A’ 1s the cross-sectional arca of the standpipe.

‘fl -l!
¥ T d\?
A 7L (Ti)
(3)
(0,25 {rm)z
10.0 ¢m
— (0.000625
A { h;
o AN P
= (’1) (f) ke

6 cm 100 cm
=10 120) | ——— | (I
) (1278 H) ( ' 50 em )

=2x 107" em/s

The answer is (D).

86. 'he time required to achieve 90% consolidation,

tyi, 18
; TyoH?
90 =
Gﬂ
This can be rearranged to give
C'ulao
=g

For the c¢layey silt sample,
60 s
tyy.s = (10 min) (—H) + 46 s
1 min

= 646 s

H. = (5 cm) ('i'ﬂlﬂlrm)

= (L.U5m
e C.Hi'ﬂ{’..ﬁ
Ton = 0
- C, (646 s)
~ (0.05 m)?

For the 25 m clayey silt layer,

P — Cutay,

ad HE
_ Cylsay
(25 m)?

Since Thg is the same for both the site soil and the sam-
ple soil, the right hand sides of the last twe equations
are also equivalent

(,'l.l:\ﬁ-lﬁ s) r (:'..tg_ﬂ;i'
(0.05 m)2 (25 m)?

(646 s)(25 mn)* (1 min) ( lh )
togt =

" {0.05 m)? 60 s / \ 60 min

WRLATES S
24 h 265 d

=512 yr (5 yr)

The answer is (C).

87. For the scttlement of 124 mm, the degree of con-
solidation is

_ AH )24 mm

B AH ult - 502 mm

= 0.247

U,

The time factor, T, can be [ound in a table of ap-
proximate time factors, or calculated from the {ollowing

equation, |
1, = 37U2 (s < 0.60]

= 17(0.247)%
= 0,048

The time for a layer to reach a specific consolidation s

5
. TH
7
N.0DABH?
o YI = .
3 .
HE

For the total settloment of 250 mm,

AH 250 mm

li. = -
' -th ult 502 mm
= ().198
[he time factor is
T:.' — %T{ﬂiﬂ'ﬁ}z
= 0.195
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The timce to reach the setilemoent of 250 mm is
e
b -
£
(0.195)(104 v1)

—20.3 ¥r

The remuaining time to reach a settlement of 250 mimn is

At = 203 yr—5 yr
=153 yr (15 yr)

The answer is (C).

88. Since the backfill is horizontal and the retaining
wiull 1s smooth, the coetheiont of active carth pressiure is

: i
k., — tan®{45° - =
an ( ) 2)

= tan” (-".Iﬁ“ — ‘—j?—)
2

= (.31

To determine the total resultant foree and the location
of the moment arm. divide the backfll into five compo-
nenls.

For the surcharge at the backfill surface, the ctfcetive
stress 1s

oL = Kaoy = (0:31) (25 kPa)
= 7.75 kPa

For the snrcharge and sand above the water {able.
r T
Tatt = Tn.A | kavH

= 7.75 kPa — {0.31) (1!].5 k\i) (3.5 m)

m?
= 28.9 kl’a

For the surcharge. sand above the water table, and sand
below the water Lable,

' ! _
Tall = Tpun + ',ﬁrn (F\-Ha’f i T‘H:) H

] kN kN
_ 259 kPa I (0.31) (2&}.3 — —9.81 —_i)
m' m'
% (6.5 m)}
= 5.0 kP’a
I'or Lhe surcharge, sand above the water table, sand
below the water table, and witer pore pressure,

’ y —
Te "HE=0,0 + "‘,-'"_-H

kN ‘
= 50.0 k% + (9.31 —_) (6.5 m)

m

=113.8 kPa

= L - - A -
- = F e LI R N -

: ;: _‘. AR Ljﬁ QHEIEI'
s = 1.1? ml .. __-T tablﬁl -'

- - L - - - -

3.8 kPa tiii iy 2t

B.5m

bzt

650.0 kPa

The resultant. forces are the areas of the geometrically-
shaped pressure distriburions.

R, =(7.75 kPa) (3.5 m) = 27.1 kN/m
2
= 37.0 kKN /m
Ry = (28.9 kPa) (6.5 m) = 187.9 kN /mn

By (1) (28.9 kPa — 7.75 kPa) (3.5 m)

Ry - (%) (30.0 kI’'a — 28.9 kPa) (6.5 m)

= (8.6 kN /m
Ry = (5) (113.8 kPa — 50.0 kl’a) (6.5 wm)

= 207.4 kN/m
Summation of moments about point C gives the loca-
tion of the resultant active force against the retaining
wall.
_ By + Royo + Rays = Raya + Ry

Ri+ R+ Ra+ Ry + R;

N kN
(2?.1 k;) (8.25 m) + (3?.0 i‘) (7.67 m)
m 1m

i

N
AL (15?.9 k—) (3.25 )

1K

+ (ﬁB.E ]—‘5) (2.17 m)

m

kN
-+ (2[]?’.4 —) {2.17 m}
I

27.1 k—N + 37.03 ﬁ + 187.9 g
m 1 m

kN kN
686 — + 2074 —=
it {41

3.25m (3.3 m)

The answer is (B).
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89. For a loose, natural sand deposil, the coetlicient of
earth pressure at rest can be estimated as

ky=~1—sind =1 - sin29° = 0.52

The total at-rest lateral earth pressure s

,p-rr = kr.'l'_p‘l_'

This can be rewritten as
Fp = tTL Fu= L‘,,rr:, ~u=Kk,"pz | u
=R (Yoot — Y ) 2+ Yw?
kl\' kN
= (0.92) (1‘] 3 — -r‘:}til — ) {10 m)

m=

(fl 81 ﬁ) (10 m}
m’

147.4 kN/m* (150 kPa)

The answer is (B).

90. Darcy's luw gives the effective (apparent} velocity
through the clay liner.

= Ki ";—
( x 107

== 208 X

) 2250 m
- 1.00 m
1077 mun/s

Tle problem agks for pore velocity, vpore. Porosity. n,
relates the pore velocity to the efiective velocity of the
How.

_oon
= | — N
¢ ()88
; P g
B Yhe  Tw088
= ().47
Ve
Vipore = TL- |
063 x 107 m:n
- 047

1.2 x 1077 /s

The answer is (C).

91. This problem is solved using the standard weight-
volime relationships for soils.

The moisture content 1s
, -
B W, - m,
1733 g - 1287 g
1287 &
= 34.T%

% 1007%

Since the soil sample is saturated, the degree of satura-
tion is 100%. The void ratio s

Se = wSG
L wSG B (34.7%)(2.7)
J S 100%
= 0.937

The total unit weight is

(SG +.‘i’r:)
= T
l1+e¢

2.7 4-0.937 kN
== 81 e
( 1+ 0.937 ) (9 : m*‘)

= 18.4 kN/m*

The answer is (D).

92. Siuce the backfill is horizontal and the retaining
wall is sincoth, the coefficient of active carth pressure is

A
. =% i — =
.m( 2)
S0°
7 b
tau( 2)

= (.33

The aciive force per unit length can be calculated using
Rankine theory.

-'HL = %".’Hi kﬂ

| KN\ o
(2) (zu ;ﬁg) (2.2 m)* (0.33)

= 16.0 kN/m

The overturning moment per nnit length of wall 1s given
by the following equation. M is the overturning mo-
ment per unit length of wall, and My is the total over-
{urning moment.

M~ "= Pay

: kN 22 m
(lﬁ.ﬂ' —) ( —)
14} 3

11.7 kN-in/m

The weight of the wall (per unit length of wall) is Lhe
only vertical force.

P
W=—= Ifﬂﬁmn{'.rea
L f t
kN
=70 kN/LLL
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The vertical pressure at point A is the maximum pres-
sure beneath the wall.

P fic
a=vmus={ ) (1+5)
-(5) (+3)
B B
The eccentricity 1s
Mp M
P W

a2

_m
'Ir'lZ]g
m

= (.167

ot Y
PA B B
kN
70—
- 1Tl 1
1.0 m (+

A —

(6)(0.167 m)
1.0 m )

— 140 kN/m? (140 kPa)

The answer is (D).

93. For uniform sands, the perineability can be csti-
mated using the following equation.

Kmm;"u = GD‘E

10 mm

The coefficient C varies between 1) and 15. The effec-
tive grain size for this soil is approximately

D1o.um = 0.15 min

Assuming € cquals 12,
If:nrril.-"'ﬂ ~ (12}({]'15)?‘
~ 0.27 mm/s (3.0 x 1072 em/s)

The answer is (B).
94. The different vertical cocflicients of permeability in

these stratified anisotropic soils can be combined into
one effective vertical coefficient of permeability, K.

e 22l
> i
K;
: 25 m4+10m+ 3.{1_111
= Z5m i0m
1
3.0 x10-5 =% " 90 x 106 ——
o o
= 3.0 m
18 x 10-6 0

S
= 4.7 x 107° mm/s

From Darcy’s Law,

V=0%t= KiAt

hy
= K~
L 7 41

4

~ TN 1w
— (1.7 x 10~° —) )
( 2 3 (11”!3{] mm

= ( 1.5 m )
2om+1.0m+ 3.0 w
x (000 m*) (6 mo) ( L )

1 mo
. (24 h) (36(10 s)
1d 1L
=843 m® (85 m>)
The answer is {A).

95. From the elevation information given, the total
head is
h=360m—-360m=5m

From the flow net, the total number of head drops, Np.
is 14, and the number of head drops to point A is 12.
The depth at point A is
za = 360 tn — 350 m
= 10 m

The head lost at point A 1s

number of head drops to A
Np

Ahy = h

= 4.29 1n

The pore pressure at point A is

Pa = ﬁfﬂr;(fl T K — ﬁhﬂ)

N
- (9.31 15—1) (5 m + 10 m — 4.29 m)
m*

= 105 kN/m* (105 kPa)

The answer is {(B).

96. The eflective area is the greatest possible portion of
the footing such that the resultant foree passes through
its centroid. Given a rectangular footing of width 8 and
length L, and z load with eccentricity ¢ of 0.15 m in the

PROFESSIONAL PUBLICATIONS, INC.
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B-direction and 0.5 m in the L-dircction, the equivalent
width B’ and length L' of the effective area are

B' =D - 2¢p
= 1.5 m — (2){0.15 m)
=12

L'=T - 2¢
= 3.0 m— (2)(0.5 m)
=2.0m

The effective arca is

e * IBE
- (1.2 m) (2.0 m)
= 2.4 rn2
The answer is (C).

97. The ultimale bearing capacity is given by the fol-
lowing equatiown.

- $
Gule. — EA!:.? fxnfﬁ"t: ¥ q’hqa Aqd -Hq + EATSA'?&'}.B'“?":

From a table of Terzaghi bearing capacity factors. when
¢ equals 0°, then N. is 5.9, N, 1s 1.0, and N, 15 0.

A L B O e R e S TreT v Tar o [ gy

The shape and depth factors are

}ll.qlg —_— }I--f,-.g — 1

The value of B/ L is so small it can be taken as zero, so

g i B ED {'t'
Are =1 -1--1:_]..23459.112 (4-3 “ -2‘)

=]

2

=1+ (0.2) (;E E) tan (45‘* y %)

= 1.1

D |
Aea = 1+ 0‘2!_; tan (45“ + f)

The surcharge is

= (ﬁl':.-.ll <= ﬂ.‘ru-} UJ’

- (1&.5 = 'L—j) (1.0 )
m’ I

= 8.7 kN/m?

Therefore,
Fult = E""rdp"r:: + g

kN ol kN
— 698.4 kN /m*

Pat = quie B

m-
= 1397 kN/m (1400 kN /in)

The answer is (D).

98. The rock quality designalion is defined as Lhe totel
length of all intact picces L) em or longer. divided hy
the total length of the core, expressed as a percentage.

89 em
g (123 cm
- 2%

) » 100%

The answer is (C).

99. The ultimate pullout capaciiy of the pile is com-
posed of the pile weight and the slun friction. The
weight of the pile is

2
W o I.r-fq-'-:l‘:{! e -Ir- Trj ﬂ:t‘
e 7(0.30 m)?\ /. kN
= (6.0 m) ( ; 25 =

= 10.6 kN

The skin {riction arca is wd L. The skin friction is

Q= kyo, tan dndL

= k;ﬂ“% taay dardl L

= (1.1) (zn H’i) (ﬁ'zm) (tan 25°)

nr
% m{0.30 m)(6.0 m)
= 174.0 kN

o, is the average elleclive verlical pressure of the soil

along the pipe and is equal to vL/2.

The pullout. capacity 1s

P=W +Q; =106 kN+ 174.0 kN
— 184.6 kN (18D kN)

The answer is (C).
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100. The total primary consolidation scttlement is

! !

. u, + Ap

15. — EGT il [
P 1 { Co . ( p:r )

(0.26)(8 m) | 240 kPa + 130 kPa
1+1.02 ° 210 kPa
=0.194 m (200 mm)

C.H,

The answer is (D).

101. The time factor for the clay layer is

Cl
; P
H3

¢ 365 d’
(?.u % 10~ 5) (3 yr) ( = )
S 1¥r

= (.80

Interpolating [rom a table of time factors, the degree
of consolidation, (/.. for a time factor of (.80 is about
88, or most nearly 90%.

The answer is (D).

102. The time tactor, Ty,. for a specified average degree
of consolidation, {/,, is found from a table of approxi-
mate time lactors.

For an average degree of consolidation of 0.90, 7, is
approximately ecal to (0.85.

The time required to achieve this degree of consolidation
15

_ Tyl
S
2
s 1§

e

' 2 2600 s Y r

i ) (5209 (22 (29)

5 1h 1d 1yr
= 6.3 1
The answer is (C).

103. For one-dimensional loading. the excess pore wa-
ter pressure af beginning of loading, u;. s 100 kPa. As
L passes, Lhe cxeess pore water pressure decreasces.

The answer s (D).

104. Two formulas for calculating dry unit weight are

P
- e

1} e
e SG~,,
= 1+#
Therelore,
7 _ SG—rn—_
l1+w l14e

F = SG(1 + H_"}'}"iu

o
s

—1

: kN
(2.72)(1 4 0.08) (ﬁ.81 —3)
Th!
B kN ‘—1
ll’a{} —3
[

= ().64

The degree of saturation is

_ SCw  {2.72){0.08)
e 0.64
= 34%

S x 100%

The answer is (D).

105. From the grain size distribution. Dy is 0.02 mm.,
D3ag is 0.6 mm, and Dy is 8.5 mm,

The coefficient. of curvatire is

C,. = _D éﬂ_
- Diplgy
= (0.6 mm)*
B (U-Ui’- T ) (85 Tt )
=21 (2.0)
The answer is (A).

106. In order to determine the appropriate active soil
pressurc envelope to use, it is necessary to deteriuinge
il the clay is soft, medium, or stiff by ealculating the
stability number, N,.

18.3 =R (8 m)
R 725 i o -

o ¢ , KN
95—

it

= 6.4

N, is greater than 6, so the braced cut is in soft clay.
The pressurc distribution for soft elay is shown.
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0.75H

E
B
4
g
9
?

i ¥
B
g :
i’i
Z
%
g :
E{ff:
ho

Iu this pressure distribution (which is strictly applicable
for H > 6 m and » water table below the bottom of the
cut). active pressure is

P, =vH — 4c
. KN kN

= 54.4 kN/m* (54.4 kPa)

The pressure distribution is

f T
g o
2.0m ; 2.0m
5
¥ A
| 5
o
-
Z
2
4.0 m ;
3
: ’ 6.0 m
7
1 Pa . % o
} B
LR
o
2.0m 5 ;s
g

By resolving the pressure distribution inte resultant
forces and taking moments about point B, the force on
stimt A is

" Mg = Py (4.0 m) - (54.4 ?‘E) (6.0 m)

m?

<(22) - (3) (1 5)

% (2.0 m) (——f—) (4.0 m}

1 kN 20m
- (2) (0 25) oy (222)
Py -

40m

— 943 kN (940 kN)

The answer is (C).

107. The unit skin friction along the pile is found by
the equation
fs = ko), tan d

The eritical depth is 158. For a depth, z. from 0 to
158,

oy, =5z = 188z

For a depth greater or cqual to 1553,
0, =72 = 7158
= (18.8 @E) (15)(0.254 m}

il
= 71.6 kN/ni®  (71.6 kPa)

The resulting vertical effective stress distribution is
shown.

vertical
effective
stress
4
l
:I 150 - 3.81m
}
: N—T 716kPa
-
=
a
depth |
-
-
-
-
-
i
-
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108

For the four sides of the square pile (45BL°) and the
average pressure, the skin-friction capacity along the
pile [rom depth 0} to 15D is

Qf — 43}—-"!{&? = 131-'%!'611: tan A

— (4) (0.254 m) (15) (0.254 m) (%)

N
% (1.6) (?l,ﬁ %) (tan 0.6 x 35°)

= 85.1 kN
The skin-friction capacity along the pile from depth
16D to 10 i is

Qf =45 (L b= L!)fza'lﬁn
— (—1) (U,Zﬁﬂi II]) '[:1[} m — 3.581 III}

x (1.6) (71.5 kEN}-) tan (0.6 x 35°)

= 276.6 kN

The total frictional resistance along the pile is

Qssotal = ¥ Qs = 85.1 kN + 276.6 kN
— 362 kN (360 kN)

The answer is {C).

108. Rankine theory for a passive carth condition
should be used to solve this problem. The passive carth
coefficient is

kep = tan’ (45“ + g)

— tan® (45" + 22 )

=2.71

The total force per meter of wall is
P = 19H2k, + 2¢\/k H
1 kIN
= (—) (13.8 —) (3.0 m)(2.77)

2 m?
+(2) (16 E]—Ii) V2.77 (3.0 m)

=394.1 kN/m (395 kN/m)
The answer is (B).

109. The effective minor stress at failure is

g3 = 200 kPa

The effective major stress at failure is

71 = 200 kPa + 468 kPa
= 668 kPa

The angle of internal friction can be calculated using
the following equation.

ﬁl_ 1+sino

———

g3 1—sing

a, — 03

01+ 33

668 kPa — 200 kPa
668 kPa + 200 kPa
= {.539

¢ = 32.6°

SN Q@ =

(337)
The answer is (C).

110. The buoyant unit weight is

Mo = Vsat — Yw
_ Satey
- 1 +E s Tl-l.-‘
2.66 + 0.62 kN kN
— Kl — | — ; .
( 1+ 0.62 ) (g > m3) (E}Sl m**)
=10.1 kN/m® (10 kN/m?)
The answer Is (A).

111. The ultimate bearing capacity is given by the
equation

quit = ¢Ne + (pq + ¥ Ny + 59BN,

The footing is placed near the ground surface, and p,
equals 0 kN/m?, so p, + 7Dy is zero.

Guir = eN. + %“;.*BN,,

A table of Terzaghi bearing capacily factors shows that
when ¢ equals 25°, N, equals 25.1, and N, equals 9.7.

gus = N, + 37BN,

= (1-4 ]-;Eg) (25.1) + (%) (m'ﬁ %HNE)

x (1.5 m) (9.7)

= 486.7 kN /m”
. kN
ro s — oot 505
e B 1.5 m

= 397.3 kN/m?
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kN

486. 7T —

| qu}-t -I-.ﬂ.2

= 5 kN
HFact ual 207 3 =

" m?

=122 (1.2)

The answer is {B).

112. Coulomb’s equation relates soil strength to the
normal stress on the failure plane.

=gz @ rlang

The shear strength of sand, ¢, 18 (0, so

T = gtan ¢

kN
63.4 —
Lan [:-'} = — R
| kN
I

m

= 0.634

Use the same relationship to caleulate the shear strength
of that soil for a normal stress of 75 kN /2.

N
7=l = (75 k—) (0.634)

114

= 47.6 kN/m*
The shear force required to cause failure 18

kN
S=gi = (47.[5 —) (0.06 m)*

1114

= {0.17 kN
The answer is (A).

113. During an undrained test, the volume of the sam-
ple does not change.

JTE
Vo i = Hﬂ%

d_f = 4 ,I' E—idu

9.1 cm
= \/—8.67 = (4.0 cm)

=4.1em (0.041 m)

The maximum principal stress is

P {4
— A_f — E
4
0.43 kN
7{0.041 m)*
4

= 326 kN /m?

()

-

The undrained shear strength is

r
Suz,.::?l
Siﬁﬁ
. m<
B

— 163 kN/m* (160 kPa)
The answer is (B).

114. Since this test is performed under drained condi-
tions, there is no pore water pressure.

f !
o1 =03+ Aop,

= 28] g + 411} g
2 1112
= 690 kN/m*

The clav has no drained cohesion, se the effective prin-
cipal stresses at failure can be related by this equation.
golving for ¢.

cf 1+sing

g5 1-sing

The following eguation is also commonly used.

: &
o] = a5 tan® (45“ + E)

Solving for ¢,

ul:l"lr

¢ = 2arctan 4/ —r — 45°
i
3

kN
690 =
— Zarclan | ———— — 45°
kIN
\ 280
111
— 9Ev
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The angle between the failure plane and the major prin-

cipal plane is

é

2

25°
2

=45+

=45% +
=55°

The shear stress on the failure plane is

A
TE = — & 2
f 2 Sin
<. TN kN
691) BN 280 —
m

5 2= | sin ({2)(57.5%))

185.8 kN/m® (190 kPa)

The answer is (A).

115. 'The void ratio of the sand can be calculated using
the [ollowing formula.

T

kN
(2.65) (9.31 - -5)
W

kN
16.5

= 0.576

e -1

m>

Relative density can be caleulated with the following
formula.

e
Emax — €min
~ 0.78 — 0.576
078 — 0.41
= {1.55

The answer is (B).

116. The group index is computed as

I, = (Fa00 — 35)(0.2 4 0.005(LL — 40))
+ (0.0} Fapo — 15)(PI - 10)
= (45 — 35){0.2 + (0.005){40 — 40))
+ {0.01)(45 — 15){(13 - 10)
=29 (3)

The percentage passing a no. 200 sieve is greater than
36%. the liquid limit is 40. and the plasticity index is

greater than 11. The AASHT() classification and group
index of this soil is A-6 (3).

The answer is (C).

117. Use a USCS table to solve this problem.

As less than 507 passes a no. 200 sieve, the soil is coarse
grained.

More than half the coarse fraction is finer than no. 4.
so the soil is a sand (S).

More than 12% passes a no. 200 sicve, so the soil will
be classified as either SM or SC.

The plasticity index ix

Pl =LL - PL
=350 — 20
= 35

With a liquid limit of 35 and a plasticity index of 33,
the fine-grained fraction of the scil classifies as highly
plastic clay (CH).

The soil 18 therefore classified as SC.

The answer is (A).

118. The active force can be caleulated using the
Rankine theory.

R, le':"H 3 kq

1 BN N g o s,
= (2) (‘Zﬂ E) (2.5 m)” (0.33)
= 99.8 kN/m

The backfill is horizontal, and the wall face is vertical.

= tan”’

ks = tan® (45” - E)
\
{
\

= (1.33

B ‘

PROFESSIONAL PUBLICATIONS, INC.
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e
Al ada Fas PR L e
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FARA AL B t R P B Fa s Ta e 3y
T AL o e T D 1

I T S e S b

e s ey = 3 iy = '\;
St o i T:
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BL (20 m)(31 m)
:
e L ﬂ-'a-if.--l-la-l-l--n:f
T P e

LT L = - F
R o e 0 = B g s = Ty .j!
o e G o o o o .

Al e S R W T PR PR FWLE ST L] W

RS S FREWRLEES L PRSP RS C pE FLE T -
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R st s The embedment depth required to have a fully conpen-
sated foundation is

E A L e o N kL L LWL LI SR L

e T L s A T T LA A N S
- FFFHLFFRLr e Fror s Ls s

ST el W
" AT N E e e
A F W Pl F = e = i
T A W W L R el o i

o Ty W o B L o ol o W e o ool o LB L Lol L
A= Bewill s v b w e LR LI LT —EE _1

P A B e e R By P S W = B LT

g ] g ol ol Bl gy =gy, = gl

A Tl WL W N B o ol el e e

B i e i Sl oS
[# = R AEE TR B Ly g F i s g P b L - T
e e T

s T el ET o
B B Bl £ S L

: 541 —

e e

e RS e DL S W N A T Tl oY
I AR SN L P FE i B R D Bl T
#ahaaw el By F e Bl Bl = — — =—
oW i Cfgriig e 3 sl LR —
et it s el el g o s -
= ademr o FEr Funp ridr pw- r¥ur
LA el . T S N R o
" Lt d B ol el Bl [}
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£~ = R R Al . o
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eilam Sl N
e e

ETITETELEL
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SRR The answer is (C).
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Y
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120. The factor of safely against sliding can be ex-
prossed as

B
e
imiiiel- i =)
- B g e
i e i il il
=2 i

S SR,

3 R, is the sum of forces per unit length of wall re-
sisting sliding, and 3 R, is the sum of forces per unit
length of wall causing sliding.

All [orces are in equilibrinm, so the smm of the moments
about point B is zero. Taking moments about B allows
ihe Lie rod foree to be ignored. The moment balance is

D My =R (3H—2)— Ry (H -2 - {D

2H - LA
3 — Ty S
Hp = R, . 1 i

= o gt e

2 |
. 1Bibm) MG m
= (e N A8
111

5.0 - 0.h m g 2.1 m

T i ot e o
B Ty e R

el A
= 73.5 kN/m (70 kN/m g Bl
AR N ool Fad e s
YRS =Rl o b :
:l'ari'uli :...:._‘ .“. :
:"q“:::.:':‘. 'E:::‘f! £ A R
L B L T TR

The answer is (A).

|
119. To have a fully compensated foundation. the to- Ry - 3vIIk,
tal weight of the exeavated soil must be equal to the L\ . kN

- Wy TR 4 2 _
{otal load on the foundation. =\3 20.2 = (1.3 m)~ (0.31)

= 57.9 kN

e e o N T
e R T T

e
-
i
-
e R
-'ﬂ"l-l-f"fﬂ:ﬂ:-t-:--: FHLFFEr ¥E ¥
-a-l-a-"- TR TP - R e B RS ST e RS P
i TF L FCE SR Er A FawrF rvar D urmarfa
i R e S L

:;::,ﬂ::---:ﬁ;ﬁ%;; The horizontal and vertical components of the active

e T T e
ey .
B
Fopd o S s

- 2 e

- b
2 T b e i A
— e e e Ll s T o L et )
- o Bt e o ur{ll. llr.rr'r
+ 3
3

T = -

o

Jr
-rm=—we -
PR = it
e Ty e
..r:-:u-: BT T LW T L T T o

- A - R R S R
I-'J-.

FE WL SN A s
e e e T i = R_ecosh
Nl e et e e M f ey o e ik Il i o
o L = NS A F ki P rearwfoiy '

SITTNE
wd g gl - R ETES TR EE R AT SR R F Rk - R
A S R R R e R Bl W SR S R

» " g e e Bk sk
e B B B Lo g 2an
o T il e -
A e . o e e Bl ar . Ty
— % FFE LR ¥ s FE 3L -3 3 o B AF D = " 5
= i Bt %0 -

— 54.4 kN /m
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FEFEEE LR
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A
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It, . — R ,sind
N
» (E;T.ﬁ E—) sin 20°

m
= 198 kN/m

The weight of the wall can be subdivided into Wy and
147,
H'?] = J b,l Yeoncrete

= (4.3 m)(0.4 m) (25 k\i)

1T

= 43.0 kIN/m
l'l':g = ;Hb'z?{'nnf:rqrc

1 kN
= (E) (1.3 m)(2.1 m) (25 F)

= 112.9 kN/m
W =W, +Ws
kN kN
— 130 2 41129
Tl 111

= 155.9 kN/m
The total normal force acting on the base of the wall is

N=W+R,,

kN kN
- 19.8 —
m m

= 175.7 kN /m

= 150.9

The only force that resists sliding per unit length of
wall Is
Rr — _';I\Ir lELI_I- IS

= (1?5“ E) tan 20°
m

= 63.9 kN/m

The horizontal component of the active force is the only
force that tends to slide the wall.

Rﬂ = -Pnih
= 54.4 kN/m

The [actor of safety against sliding is

B (3.9 g
- - SR
R.rl 5‘1‘:1 =
m
=137 (1.2)

The answer is (B).
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Solutions
Structural

121. The resultant of the three wheel loads for an
HS2(0-44 loading is a 36 kips foree located 1.67 ft from
the 16 kips center force.

sl Z Hj,ﬂf.j.

1
(16 kips}(14 ft) + (4 kips}(28 ft)
B 36 kips
= 9.33 tt

Maximuin wheel-load bending moment occurs when the
midspan lies halfway between the resultant and the cen-
tral 16 kips force. Thus, the position for masdmum
wheel-load bending moment is

14 f1 14 ft
s -1-‘ -

16 kips 16 kips 4 Kips

I I T

~=— (0.5}(4.67 ft)

R

933 #

30 fi

60 ft

!
RSN PO |

Maximnmn wheel-load bending moment oceurs under
the 16 kips load to the right of midspan.

ETF
Ra = s
(36 kips){30 ft + (0.5){4.67 ft))
B 60 ft
= 19.4 kips

Muax = Y 7F = (19.4 kips)(30 ft + (0.5)(4.67 ft))
— (16 kips)(14 ft}
— 403 ft-kips

The AASHTO specification requires an increase in the
wheel-load beuding moment to account for impact, and
a distribution factor to the individual girder that is
based on the girder spacing.

_ S0R 50 ft
L4125 6DfL+125 ft
={.27
L 7.0 ft
DF -- =
a.bft Hb 1
= 1.27

M, = (DF)Mpax
— {1.27){403 ft-kips)
— 512 ft-kips

M, = 1.3(Mp + gl{l + 1)M;)
= (1.3){500 ft-kips

+ G) (1 + 0.27)(512 ft-kips))

= 2058 ft-kips (2100 ft-kips)
The answer is (D).

122. The resultant lateral force is

Ve (0.4 1%) (160 £t)

= fid kips

This resultant force acts 80 ft from the west wall. The
center of rigidity of the wall group is
> R

2R
~ (4R)(0 £) + (3R)(120 ft} 4+ (3R)(160 ft)
a 4R+ 3R+ 3R
=B84 ft [from the west side of wall A]

e

From symmetry
7 =30 & [from the south wall]

The wall system is subjected to a torsional moment of

L
ﬂft - V (T - "."2-)
164 {t

— (64 kips) (84 ft — T)

= 256 ft-kips clockwise
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The polar moment of mertia for the walls resisting the
torsional moment is

3 = Z{Ryt'—ﬁf + R.y))
= (4R)(—84 ft)* + (3R)(120 ft — 84 ft)*
+ (3R)(160 ft — 84 ft)°
+ (R){(30 £t)* + (11)(30 ft)?
= 51,2408 fi°

The maxinmun lateral force resisted by wall A is the
combined direet force plus the force caused by the tor-
sional moment, both acting in the same sense.

7T Ay ! T )
Vs 5= It ’ i
1R (256 ft-kips)(4R}(84 ft)

=10 R{h# kips) +

— 273 kips (27 kips)

H1.240R ft®

The answer is (C).

123. The plywood diaphragm is considered fexible,
and the lateral forces transfer to the shearwall on the
basis of their (ributary width. Thus, the lateral force
acling on the shearwall at line 2 is

1= Z w3

Ibf 100 ft Ihi 60 ft
= (20 %) (F57) + (2 F) (5F)

= 21.000 Ibf (21 kips)

V=21kips —

k=14t

C

et —dlr—

L=24ft

elevation of wall on line B

The overturning moment on the wall is

M=Vh
= (21 kips)(14 ft)
= 294 [t-kips

The axial force in the shearwall boimdary members is

ey g, A0

I =dz == .
294 fi-kips
S 24 ft
= 12.3 kips

(12 kips)
The answer is (B).

124, The height of the roof above Lhe base is

e, =14 ft +12 [t
- 26 I
The period can be approximated from the following for-
mula. -
g = Cghﬂ'{'“:
= (0.020)(26 ft)*/*
={).23 sec

The seismic dead load for NS ground motion inchides
the dead weight of second floor, roof, and the exterior
walls,

W = ("H-'[jg -+ "EUH.,-}BL -+ 2%‘1;.,-3“(.3 s L:Ih
bt bt R . Ibf
e (3{] o + 20 F) (120 ft){60 It) + (2) (I-J [EE)
fi
X (”2_‘+12 ft43 ﬁ.) (60 f + 120 fr)

— 478,800 1bl (479 kips)

For a building frame system consisting of light-frame
walls with wood structural shear pancls, R = 6.5. The
base shear is given as

Sns ... 05 _
V = fﬂ-’ = _6_‘:’ (479 kips)
I'e 1.0
= 44.2 kips

The base shear need not be grealer than

) :
L-'=-”—}§= | Mﬁr {479 kips)
T 28) { —
Ig i) (l.l!)
= (4.0 kips

In the expression above, T is Lthe magnitude of the
period and is dimensionless. The hase shear must he
greater than

V =0.441SnsW
= (0.044)(1.0)(0.6)(479 kips)
= 12.6 kips
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Therefore, V' - 44.2 kips (45 kips).

The answer is (B).

128. The cffeciive span for the slab design is the clear
spacing plus one-hall the flange width.

b
Lyi=Ly 4 J’

1 f1,
(Sﬁft—lft}+Tt

= 8.0 It

Based on AASHTO specifications, the mnpact facior
cannot be greater than 0.30.

5 [
L.+125f
50 i
<
— 80 ft - 125 ft

< (1.38
[ =0.30

I

IA

T'he wheelHoad bending moment for an HS 20 loadiug
is given by an AASHTO equation, with a coulinuity
factor of 0.8,

Ly+210
Ay {ﬂ.ﬂ}( == )

BOf+20
= ({).8
(0.8) ( 32 ft
=4 [{-kips/It

)[Iﬁ kips)

The design moment for the slab is

5 . |
3 =13 (f‘r-fp | 3{1 -I—I]ﬂi&)

— (1.3) (1-0 ﬁ'::“ﬁ

G) (1+0.30) (-.1 ﬁﬁ?f))

= 12.6 ft-kips/ft (12 ft-kips/ft)

The answer is (D).

126. For the segment AB,

a(D3 - D) _ m{(3 in)? — (15 in)*)
1 1

For the scgment BC,

p _#D; =3 m)?
ot R S

= 7.07 in®

The tension stress in seement AD is

5.30 in? e E in2

P < 117 kips

Since the force in segment BC is sialler than in segment
AB and since segment BC has a larger cross-scectional
area Lhan segment AD. BC is not the controlling scelion
tor stress. T'he limit on the tip defleetion 1y

A < 0.04 in

PL
AE = < (.04 m

F(20 in)
{5.30 in?) (29 000 ]ﬂpﬁ)

in<

P(30 in)
(7.07 in2) (2*} 000 DS )

3

in?

50 ki 30
. (50 kips){30 in) < 0.04 in

(7.07 in2) (gu oo IPS )

in?
£ <171 kips

The stress in the scgment AB controls.

The answer is (B).

127. The inflnence line for the moment at 1) is ob-
tained by entting through point 1) and giving a small
unit displaccinent so that only the unknown moment
at D does internal work. The corresponding displaced
shape is shown as the dashed line and is the influence
line for the mowent at 1.
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From the illustration, a+ 3 = 1. The work done by the
moment through the small displacement is
W = Ana + :‘u—fﬂ 15 ]
= Mplo + 3)
= M),

From geomctry (small angle theory), the vertical dis-
placemoent at point T is

Ap = (12 t)or = (8 ft)3

SRS
4
Substituting.
at+d=1
243
— <+ g=1
g
=135

The ordinate of the influence line at point D is

Ap = (8 )7

T kip
o)

= 4.8 fi-kips/kip (5 ft-kips/kip)
The answer is (C).

128. The influence line for shear midway between B3
and C, pomt Y. is obtained by eutting the beam and
oiving it a unit displacement such that only the shear
at that point does any work. The resulting influence
line is

Absolute maximmun shear force at B oceurs with dead
load over (he [ull length and the uniform live load only
over those regions where the ordinates of the influence
line are positive.

L= o

w, = 3 kips/ft l l l l w; = 3 kips/ft
¥ | B |
= 2 kips/ft
rllllllllllill!!vwﬂ ¥
A B !E' c
Re 22 ft B

The reaciion at point C is found by summing the mo-
ments aboutl the left support. Assume clockwise mo-

ment 1S positive.
Zﬂ»ﬁrn =5

(2 "'&3) (30 [6)(7 t)

+ (' k—;_lﬁ) ({H ft)(22 ft — 5.5 ft)
— {8 fL)liil ft}) — (22 ﬂ'-:iH{; :

Re = 39.0 kips
{39 kips}

|
-

The absolnte maximnum shear at BY is

L
i'.- "I —_— = Vo=
B H(_. 4+ u 5 l

_ kips\ /22 ft\]
=) 395 kped 3 == 1 (22 )¢
“‘J’(” R )( 2 )I

= 15.5 kips

The answer is (B).

129. Using the dumimy load method. the unit virtual
foree is applied at D in the direction of the required
deflection.

—

20 ft

15 #t 151t

load system P load system Q

The member forces for the real loads, load system P,
and for the dummy load system. s¥stem @, are found
using basic statics.

Ne No L  NpNglL
member  (kips)  (Ibf)  (in) (kips-lbf-in)

AB 15.0 L0 180 2700
AC 25.0 0 150 0
AD ¥ .33 240 U
BC —2a.0 -1.67 1350 6263
CD 0 —-1.67 150 0

3963
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Applying the virtual work principle,

o -
NpNgL
(11hf}:lnh=Z( ZE“' )

=1
(8963 kips-Ibf-in)

Ap, = 00386 in to the right
{0.04 in to the right)

The answer is (C).

130. The rotation is obtained by applying a unit
dumimy couple at joint C and applying the virtual work
principle.

4 kips/ft

10.5 kip

£ = 29,000 ksi 1 fi-kip
{ = 650 in?

c D
rl-ﬁ kip

load system Q

load system P

For load system P, the moment for member AB is

kipgy
Mp = (40 kips)z —~ (4 —= | =
= ( klp‘:'r:]ﬂ' ( ft ) 9
OR<ax<9ft
The moment for member BC is
Mp =0
ORh<z<20ft

To maintain equilibrimmm under the dummy loading, an
upward force of 0.05 kips must act at A, with an equal
and opposite force at C. Since the moment in member
BC is zero throughout in load systemn P, the moment
in member AR is needed only for load system Q.

Mo = (0.05 kips)x
0t < @& < 20 ft

SOLUTIONS — AFTERNOON seEssion 117

The rotation at C is

* Maded
(1 ft-kip)fc — f s

f.

20 Ik

8

; IEIJ“ Ay 1 )3 @) 4
(.z.u ! ){zm o (0.1 ) (208
3 4

in?
* (144 ft_i‘)

(zmm

kips
in
= (3.(}102 radians countercloclkwisc

) (630 in?)
(0.07 radians counterclockwise)

The answer is {D).

131. The pile group is subjected to combined axial
compression plus biaxial bending. Maximmum compres-
sion occurs in the pile farthest from Lhe pile group cen-
troid at the location where the forcves due Lo bending
an¢l axial compression are additive.

Mi=Fey,
= (800 kips)(1.6 ft)
= 1280 ft-kips

M, = Pe,
= (800 kips)(1.2 ft)
= 960 ft-kips

J=) (= +97)
= (2)(2)(9){(4.5 ££)? + (1.5 £t)*) = 360

P My, + My,
Pma:: TR e 7

Tl P
(1280 ft-kips)(4.5 ft)

n + (960 [-kips}{4.5 ft)
16 h 360 fi2
= T8 kips (80 kips)

800 kips

The answer is {C).
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132.
Bls, D F b J
A
Ak e E G |
R,

The truss has 3 external reaction components, 17 men-
bers, and 10 joints.

m+ng =2j
17+ 3 = (2)(10)

The necessary condition for a statically determinate
truss is satisfied, but this is not sufficient Lo prove the
truss is statically determinate. There s a problem with
the support arrangement. The three reaction compo-
nents arc concurrent at joint B. If a nonconcurrent foree
is applied at any joint, it is impossible to satisfy the
equilibrium condition that the summation of moments
about joint B must equal zero. Therefore. the truss is
unstable.

The answer is (B).

133. Release the reaction at point B to create a stable
determinate beam.,

The downward displacement in the released structure at
B causced by the applied uniformly distributed load is

S’
I84ET

() (o ()

(384) (zq 000 — )(lﬁdﬂm )

-
.
—

= 21.59 in

The flexibility coefficient, f, is obtained by applying a
unit foree npward at the released point and computing
the displacement caused by that force at the released
point.

L-’i
A8FET

. >
({ﬁi} £)(12 E))

(48) (29 000 kﬂ) (1630 in%)

f:

= (.1645 in/kip

For consistent displacement at point B.

A+ Rgf—-—05m

—21.59 in + Rp (u 1645 i) — 0.5 in
kip
Ry =128 kips (130 kips)

The answer is (C).
134. Duc to symmetry, there are only iwo possible

collapse mechanisms. In the first mechanism, plastic
hinges form in the end spans.

24 ft 28 f1 24 ft

Wexr = U,
Pufiy — 31‘»1‘},.15’
(25 kips)(12 ft)0 = 3M,.0
M, = 100 [i-kips

lu the second mechanism, plastic hinges form in the
interior span.

P, = 25 kips P,= 25 kips P, = 26 kips
Mﬂ i M:J
6\ fo /7™
ﬁr’.ﬂ ;‘?““hh ,ﬁ"”\f%?' ?f?j,“ga /5
A 8 c D
Mﬂ
_12fi | 14 J_ 12 #
24 ft 28 ft 24ft

Wit =i
P,3, = 43M,0

(25 kips)(14 [L)8 = 47,4
M, = 87.5 frkips
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Collapsc is controlled by the exterior spans, so M, =
100 ft-kips.

The answer is (D).

138. l.et K represent the [orce applied at midspan pro-
ducing a unit midspan deflection.

KL _.
RET
48ET
(48) (291,&&0 %) (1600 in*)

o :

= 315 kips/in

- 0.5 kips £ = 29,000 kips/in®
10 7 =1600in*
L. 2
i
4 ft

16t

Conscrvation of energy requires that the potential en-
ergy of the 0.5 kips weight is converted into strain cu-
crgy in the beam.

E, =Wy
- (0.5 kips) (48 in + 6)
Uie = 0.5(K8)5

_(0.5) (315 lef’) 57

L1

Fquating the two energy terms gives
Jl—"f}: = Une

(0.5 kips){48 in + 4) = (0.5) (315 I‘%) 5*

(315 E‘E) 25— 48 in=0
i

4 = 0.392 in

The falling weight canses a maximum midspan deflec-
tion of 0.392 in. which corresponds to a peak force of

111

T (315 E'E) (0.392 in)
= 123.5 kips (120 kips)

The answer is (D).

136. Lct K represent the force applied at the top of
each colmnn producing a unit horizontal deflection.

KH® _
12T
 12EI
=
Kips i 54
(12} { 29,000 7 (800 in™)

s A RV
(uu ) (u E))

= 39.3 kips/in  [each columnn]|

The equivalent stiffness of the four supporting columns
is four times that of an individual column. The natural
period of vibration of the system is

W

- m oAl 9

L 2“\/4ﬁ’ 2T\ 1K
_ S0 -l_nips

— I g - - —
(32.2 i;;) (4) (39.3 kih) (12 ‘5)
Se m ft.

=0.11 sec (0.15 sec)

The answer is (A).

137. For '/ in diameter 270 ksi strauds, Lhe area of
one strand is 0.153 in?, and the modulus of clasticity
is 28,500 kips/in®. The madulus of clasticity of the
concrele at time of release is

E, = 57,000,/ f!

- a?,ﬂl]ﬂ\/;ﬁl}ﬂ %
11

= 3,370,000 1bf/in* (3370 kips/in?)

r

Use a trial and error method to compute loss due to clas-
tic shortening. As a first wnial, assume Af, — 10 kips/

inZ.
F; = f,: A,
kips kips oy
hil 11
= 116 kips
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Following the nsual assumptions for prestressed con-
crete, the nominal axial stress in the concrete is based
on the gross conerete area.,

£ £ 116 kips
T A, (12m)(12 in)

= 0.806 kips/in’

For pre-tensioned members. the change in strain in the
strauds is the same as in the surrounding conercte.
Thercfore, the compuled loss of prestress is the change
in strain multiplied by the modulus of clasticity.

f ip
Afﬂ . Et.:*: I,s
kips
{.806
2 k‘i (23 500 kﬂf)
3370 — n
1m

— 6.8 kips/in’

The actual value of Af, is between the trial valne, 10
kips/in?, and the valie computed using that trial value,

6.8 kips/in®. For a sccond trial, assume 7.0 kips/in?.
Kips kips
() — —
e (JU Fey - 7.0 5= ) (4)(0.153 in®)
= 118 kips
af=12E,
118 kips

(12 m)(&i;u)" (28 K kl};b)
B0 = i
in

= 6.9 kips/in*

The value of A f; is approximately 6.9 kips/in? (7 Kips/
.2
in<).

The answer is (8).

138. For a thin-walled pipe with internal pressure and
negligible longitudinal restraint, the maximmm stress
occurs in the circumferential direction and ean be caleu-
lated using the membrane theory of thin-walled pressure
vessels.

i -
80 in 80 Ibf/in?
1 -

lhf .
80 - 5 | (30 in)
f - E}i = H]‘.
S f 0.375 in

= 6400 Ibf /in?

Since the longitudinal direction is unrestrained. the
strain m the circumferential direction is found from the
uniaxial case.

Ibf
=g !Elhf
£ 29,000,000
I_l_i.
= 0.00022

The change is diameter is directly propertional to the
change in circumference.

ap="""
il
= (0.00022}(60 in)
= 0.0132 in  {0.013 in)
The answer is (B).

139. Rclevant properties of the W12 x 106 include its
area. 31.2 in?%; the moment of inertia about its weak
axis, 301 in%; the moment of inertia about its strong
axis, 933 in?; and its overall depth, 12.9 in.

o

4

1 2
1

12.9 in

\ Bz A

The centroid of the seetion is on the axes of symmetry
and i located by inspection. Propertics of the built-up
seetion are

A=)"4
= 31.2 in® + (2)(10 in)(0.625 in)
= 43.7 in*
== Z{ Ice + Ad?)
(10 in}{0.625 u}®
12
+ (10 in}{0.623 in)

=933 in* + (2)

’ (12-ﬂiu+ﬂ,625 in)2
2

= 1505 in*

PROFESSIONAL PUBLICATIONS, INC.
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BN ke

— 301 in* + (2) (

(0.625 in) {_l'F::I in)? )
12
— 405 in*

The major principal axis is the z-axis. The radius of
ayration is

y

A
\/lﬁﬂﬁ in?

— ¥V 137 in?

= Hh.87 in

rl_r —

The answer is (A).

140. The relevant properties of a W24 x 35 arc its
arca, 16.3 in?; the moment of inertia about its r-axds.
1360 in*: and its overall depth, 23.6 in. The eentroid
of the built-up section is located by inspection from
svinnetry.

L= (I + Ad%)
[ (8 in)(0.5 in)®
12

. 23.6 in 4+ 0.5 in\
\ 2 /

+ (8 in}{0.5 in}\

- 1360 in* + (2)

v 9522 in?

The shear How between the coverplate and flange de-
pends on the statical moment of the coverplate area
about the neutral axis of bending,

Q = Ay
= (8 in}{0.5 in) (

236 in+ 0.5 1n
2
— 48.2 in®
Vi
=7
{95 kips)(48.2 in®)
B 2522 in4
= 1.8 kips/in (2 kips/in)

The answer is (A).

141.

Design the stem on a per-foot-of-width basis using ACI
318. The design lateral load at the base of the stem is

Wy = 1.Tv,fi{1 ft)
ol BN
= 995 Ibf/fi

The design bending moment. at the base is

. Ibf :
o5z {05 (995 —) (13 £)?
A — 05w, h — ft
3 3

- 28,“25 ﬁ:"}.hf

For a unit width of wall (b = 12 in) and a specified steel
pereentage of 0.01,

Mu — q{bMﬂ = Q}fifyb(fg (1 = ﬂ,ﬁgp%)

Inserting known values and eguating to the vahie of A,
oives the required wall thickness., d.

(28,025 ft-1bi)

_in i Iht s

P (12 E) = (0.9)(0.01) (b{],ﬂ[}ﬂ F) (12 in)d"
If
60,000 ¢

< | 1= (0.59)0.01) i

d=7.541in
The steel area is

A, = phd = (0.01) (12 %) (7.54 in)

= (.90 in® /ft

The answer is (D).
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142, According to ACI 318, reinforced normal-weight
concrete exposed to seawater is limited to a maximun
water-to-cementitious-materials ratio of (0.40.

The answer is (B).

143.

d=28in

i My amvaE 4

€, = 0.003

X
1
neutral axis
= -
EH

The arca of concrete in compression when the section

reaches its moment capacity is

Aty
0. Safc

(7.80 in?) (ﬁﬂ 000 lb[)

II_’L

055 (1o ™1

in?

A =

— 137.6 in®

This is greater than the area to the sides of the frough.

Aiop = (4 m)(18 in — 10 in)
=32 in*

Therefore, the compression area coxtends below the
trough to a depth of

Ar: 5 “4"121'.'513
b
137.6 in® - 32 in?
18 in
= H.87 In

Gy =

The depth of the neutral axis is

a Aiop + ty
j] = .-':1"1 B
4.00 in + 5.87 in
.35
= 11.6 in

£ =

From similar triangles,

e _ 0.003
d—z2 =z
0.003
— 11.
= (28 in Gm)(uﬁm)
= 0.004
The answer is (A).

144. Balanced strain conditions exist when the strain
in the steel on the tension side reaches vield and, at the
same time, the strain in the extreme compression edge
of the conerete is at the ultimate value of 0.003.
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no. 9 rebars - i Bigian
> @ o

19in

no. 9 rebars —| e ¥,

= | 25in
. =
16 In
€. = 0.003
I I —
.E:g
X
d 1
neutrzal axis
§ gioi e
Ey

'I'he vield sirain [or gracde 60 rebar is

kips
£3()
£ = f‘ﬂ' = II.L‘2
L - kips
S ———
29,000

= (0.00207

From similar triangles,
x d
0.003 ~ 0.003 + o,
{21.5 in}(0.003}

~ 0.003 + 0.00207
= 1%.7m
2 ~ 0.003
z-25in =z
g (12.7 in — 2.5 in)(0.003)
’ 12.7 m
= 0.0024 > ¢,

The strain in the compression stecl exceeds vield. Thus,
the stress in the compression steel is the vield stress, and
Lhe [oree in Lhe compression steel is

G A = (bl} I{T) (3.00 in?)
= 180 kips

The answer is (D).

145. ltor a concentrieally loaded tied column. the de-
sign strength is given by

QR Jnax — ﬂ'bt‘){uﬁ f {Ll =" :i'l:l _i_jy“-i‘-ﬁ.)

Four a specified longitudinal steel ratio of 0.02,

Aa - paAg
= 0.024,

Substituting gives
1090 kips = ¢F, nnx = (0-8)(0.65)

[ (0. 351( —%) — 0.024,)

\ ( — ) (0.024,)

A, =39 in”

b= A, = \/391 in®

=198 in (20 in}

The answer Is (C).

146. Use the appropriate reinforced concrete inter-
action diagram fromn Design of Concrete Structures, or
the equivalent. For a column with a 20 in cross seetion
inn thoe divcetion that regists bending, the steel placement
constant, v, is found nsing

‘I,fh, — ii]_l,. — Bif’
(20 in) = 20 in — (2)(3 in)
= 14 i
"'f = {LT

The reference interaction diagram reqnires two param-
elers.

F o M,
oflA ,;.Ti. G fLAgN

= 5 n
(175 fit- kl[h} (lu o

(0.65) (1 o g ) (20 in){ 18 in}{(20 in}

in?

R, =

= ()11
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B 875 kips
Rn = ..J-f"A e ki 3 3
el (0.65) (4 —iﬁzf) (20 in)(18 in)
= 0.93

From Lhe interaction curves, interpolation at the point
(0.11, 0.93) gives a longitudinal steel ratio, p,, of 0.022.
The required steel arca is

Age = pg iy
= (0.022)(20 in}{18 in)
=792 in* (8in?)

The answer is (B).

147. Per ACI 318, the corbel must be designed for a
tension loree of at least 0.2V,

N = 0.2V, = {0.2)(66 kips)
= 13.2 kips

This requires a nominal steel arca of

1 T _ 13,2 kips
R kips
(0.75) (BU _mT)
= (.29 in?

The primary steel reinforcement must also resist a bend-
g moment.

ﬁ.-'fﬂ - I";tﬂ- E o 1H¥'Tu:-.{h = d)
= (66 kips)(6 in) + (13.2 kips){16 in — 14 in)
= 422 in-kips

Taking the lever arm for the flexural couple conserva-
tively as 0.94. the area of flexural steel is

M,
 9£,0.9d
422 in-kips

Aj

(0.75) (EU "Lf) (0.9)(14 in)

1Tl

= (.74 in®

For shear friction reinforcement.

1 v, 66 kips
Ayf = — — — =
X
ol g.75) (ﬁu -l%fi) (1.4)

— 1.05 in”

The area of the primary reinforcement must be at least

Az 2 As + An
> 0.74 in® + 0.29 in”
> 1.03 in®
5.4 -2—‘-1&"1 LA,
ro: 2
> (2)“‘2" 0) | 0.29 in?
> .99 in”
A, 0.045d
fy
ki
(0.04) (5 ]—E) (16 in)(14 in)
> - —
60 kl—ﬂf’f
111
= (.75 in®

The controlling value is

A, =1.03in" (1.05iu?)

The answer is (A).

148. The equivalent force system acting at the cen-
troid of the footing is

P=P ++wbht

~ 400 kips + 200 kips

kips
+ (0.15 %) (26 ft)(6 f)(2 f)

= 647 kips
s Plﬁl = i {:&Eg

- P

{400 kips)(—10 ft) + (200 kips)(12.5 )

647 kips

=—23 i

Since the resultant force on the footing acts within the
middle third of the footing’s length. the entire area be-
neath the footing is in compression.

A = bh = (6 ft)(26 ft)

= 156 ft?
o Wt (6 £1)(26 ft)?
6 6
= 676 ft>
P Pe

Jpmax = Z+ 3
647 kips " (647 kips}(2.3 ft)
156 ft=2 676 fti
= 6.3 kips/ft* (6 kips/ft?)

The answer is (D).
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148.

b=2H

Per unit length of wall (1 ft), the force components re-
sisting overturning are the weight of the soil, the weight
of the wall stem, and the weight of the footing. The

force exerted by the soil is

IEI!"‘:':: = -}5'“"’2'{] ﬁ;)

ft3
= 2800 Iht

(an EE) (3.5 fL)(8 ft)(1 )

The force exerted by the wall stem is
]-'{fq_g_r —_ ﬁlf'ﬂtm h(]. ftj

(150 E) (1 ft)(8 ft)(1 ft)
= 1200 Ibf

The force exerted by the footing is
H"j' = "';r‘ﬂﬁf(ﬂ +tw + b}(l f'[.}
Ihf
= ( 150 ft") (1.5 ft}{3.5 ft + 1 ft + 2 fi)(1 fe)
= 1463 Ibf

The resisting moment nbout the toe of the footing is

M=) Wa
= (2800 Ibf){4.75 ft) + (1200 1bf)(2.5 ft)
1 (1463 1bf)(3.25 ft)
— 21,0505 ft-1bf

The active carth pressure at the base is

Pa = vy{h + £5)(1 ft)
Ibf
(35 F) (8 ft+ 1.5 f)(1 &)
— 333 Tof /£t

The total active earth pressure is
Ha = 0.5p,(h+ t_f}

bt
= (0.5) (333 %) (8 ft + 1.5 ft)
= 1582 1bf
The overturning moment is

.':.l'fﬂ = H_,i (h + tf)

3
Stt+151
3

— (1582 Ibf) (
— 5010 ft-Tbf

The factor of safety is

M,  21.065 [t-1bf
M, 5010 ft-1bf
=42 (4)

Fia =

The answer is (D).

150. Use the customary nomenclature and methods of
analysis of the PCT Design Manual Replace the pre-
siress by the statically equivalent force system acting
at the centroid of concreic. The eccentricity. e, of the
strands is their distance from midheight, or {34 in/2) —
21 =15 in.

Py = fply, = (150 lﬂﬁ) (0.918 in?)

in?
= 165 kips
M; = P,e = (165 kips}{15 in)
= 2475 in-kips

= 33w,/ 1.
= (33) (Il[] —) \/3500 E

= 2 25{] 000 1bf /in?
7= (14 in)(34 in)*
= 12 12

= 45,854 in®
5
A = bh = (14 in)(34 in)( lft. )

144 in?
= 3.31 ft*
W=w.A = (llﬂ %) {3.31 ﬁz)
= 364 Ib{ /i
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M-r': 2475 in-kips

0.364 kips/ft \
HHHIHHH

40 ft

F: = 165 kips

The widspan camber is the algebraic suin of the deflec-
tions caused by the end moment and transverse beam

wright,
& swl?  ALLA
OBB4ELT  BE
5) (0.364 XY (40 £y (12 1 3
B ft ft
kip
(384) (2 250 E) (45,854 ind)
(2475 in-kips) (40 ft)* (12 :__i;)
N ldps
(8) (2_59 ———) (45,854 m*)
= .203 m — 0.691 in
= {488 in (0.5inT)
The answer is (B).

151. Applring the usual assmmptions for the analy-
sis of presiressed hears, the tendon profile over each
40 ft segment can be represented by superposition of
the chord, which is Inclined upward 10 in, and by a
paraholic strand thal has an equivalent sag of

5=10in £ (0.5)(10 i)
=15 In
P = 280 kips
P=zaukips//""'—"’!—
_*———"—' ——————————————— $
= 101n

a=40f

T'he equivalent prestress forees are those of the reactions
of the stressed strand against the rigid concrete.

(8)(280 kips) & :;
— 8Ps = 12 E
cT e (40 fr)2
= 1.75 kips/ft 1
F =w.a+ Zf;et
= (1 75 Elf-{pj) (40 ft) + (2)(280 kips){10 in}

(40 ft) (12 :)

= B1.67 kips |

The structure is statically indeterminate to one degree.
Let the reaction at point B be the unknown foree, and
releasc it.

F=81 E? KIpS
= 1.75 kips/ft

 JHIT O

80 ft

EJ = 250 x 10° kips-in?

w,i* FL°

4= 384ET ~ ABET

A8 ET

ki]"ﬂ in\*
5 s ft: 2 —
{_J} (1 e ) (80 f)* (IZ ft)

(384)}(250 x 10 kips-in®)

. 3
(R1.67 kips)(80 ft)* (12 %1)
(48)(250 x 10° kips-in?)

= (.430 in 1

The flexibility coeficient is obtained by applying a nnit
force npward at the released point and computing the
deflection caused bv that force.

: 4
33 {12 2
L3 B (80 ft) (IH ﬂ.)
ASET ~ (48)(250 x 106 kips-in)

=

= 0.0737 in/kip 7
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For consistent displacement,

d + Rgf =1
5 in
0.430 in 4+ Rn (ﬂ.ﬂ?ﬁ? —) = {
kip
Rpn =58 kips |
(6 kips |)
The answer is (B).
i52.

1.51n 16in
=

#

I 7705777 B

f

Yo

0.5 i —-flu—

50.5 in

§ N—

12 in

‘I'he section consists of three rectangles having areas A).
As, and As.

A; = bh;

A; = (16 in)(L.5 in)
= 24 in®

A, = {0.5 in)(48 in)
= 24 in?

Az = (12 in){1 in)
=12 in?

For the fully plastic condition, the plastic nentral axis
i8 positioned such that the arca in compression cquals
the area in tension.

Ai
Acc:m]:: — -’:jlr.e1-| - 9
24 in® + 24 in® 4+ 12 in?
. 2
— 30 n®

p — A
- 1 Atamp 1

Yp = 1.5 m

ho
30 in? — 24 in?
=15i
=h 0.5 in
= la.om

The region above the plastic neutral axis is under uni-
form compression stress, F,, and the region below is
under uniform tension stress, which is also #,. Tak-
ing moments of the stress resultants gives the plastic
moment capacity. For convenience, teke the moments
about the tension force in the bottom Aange

ﬂjP - ZFHAI;EI
(16 in)(1.5 in}{50 in — 0.75 in)
... kips 3 _ : ;
= ( F) +{0.5)(12 in){50 in — 7.5 in)
— (0.5 in}{36 in}{18.5 in)
’ 1 ft
12 in

= 3312 ft-kips (3300 ft-kips)

The answer is (C).

153. For the ASD option, since the maoment is zero at
the support, the ratio A, /M, is zera. For this case,

M, 2 \?
Cy=1754+105 2908l ==
s T 14 ( M, )

=175 (L8)

The answer is (D).

For the LRFD option. the design load is controlled by

w,, = 1.2wp + 1.0wy

.s 5 Kips vapd
= (1.2) (2.,_1 & )+|[1.Ei] (1.8 2 )
= 5.88 kips/ft

For a uniformly loaded simplc beam,

wyLx  w,r®
Meg="g =5
o (5.33 }%ﬁ) (36 ft)?
MI”“ = o == -
B 8
= 953 ft-kips
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(-J 8% mﬁ) (36 )15 )
ft
Afﬁ —

il
(u 88 }%’“‘) (4.5 [t)?2
9

A17 ft-kips

(a 88 L—‘;_-I:ﬁ) (36 £t)(9 ft)

2
( 88 E?) (9 ft)?
.

= 714 ft-kips
(; 88 1%5‘"—‘) (36 £)(13.5 L)

: 3

(E.BS —f‘) (13.5 fr)?

7

—

M

— 893 fr-kips
The bending cocificient is
Ziﬁ.ﬂ'-fumx ‘i‘ 31“"}.“_{'-, + d—.ﬂ-’fﬁ - 3 3.;"1’:{{‘_!

(12.5)(953 ft-kips)
{.3 EJ}(‘} 33 ft-kips) + (3}(41? ft-kips)
+ (1)(714 ft-kips) + (3)(893 ft-kips)
—1.30 (1.3)

Cy =

The answer is (D).

154. Tor the ASD option, the strengili of the two {illet
welds based on their effective throat area is

£ — (2)(0.707)0.3 K,

n#

| ki
= (2)(0.707)(0.25 n){0.3) (70 _ ps)
= 7.42 kips/in
To avold overstressing the base material, the AISC ASD

spoecification limits the shear stress in the base material
adjacent to Lhe welds to 0.4F,,. The thickness must be

5 7 49 DS

2 B ';
e naln 22
in?

> 0.52 in (0.5 in)

The answer is (C).

For the LRFD option, the strength of the two fillet welds
hased on their effective throat area is

Qﬁl'fw - @UTU?’L{:D.&FH
, kips
— (0.75)(0.707)(2)(0.25 in)(0.6) ( 0 _)

in=

= 11.1 kips/in

To aveid overloading the base material, the AISC LRFD

specification requires that the shear rupture strength of

the hase matcerial be greater than or equal to the weld’s
design strength. The thickness must be

o O f
— d0.6F,
1.4 =1
> i1l
kips
{U ?d)([] ﬂ} (1-.] '111_"3)

> (0.43 in (0.4 in)
The answer is (C).

155. For the ASD option, the net arca is the gross area
less the arca of four flange holes and two web holes,
Since holes are punched, the hole diamceter is taken as
/s in greater than the fastencr diameter.

A,=A—4,D-2t,D
= 144 in® — (4)(0.56 in){0.875 in)
— (2)(0.34 in){0.875 in)
= 11L.85 in®

Since all elements are connected, the shear lag coeffi-
cient. U, is 1.0,

A.=UA,
= (1.0){11.85 in?)
— 11.85 in?

The allowable axial tension is

P < 06F,A,
kips
< {0.6) (Eﬂ EE—) (14.4 in®)
= 432 kips
P < 0.5F, A,
kips

= (0.5) (55 -—) (11.85 in®)

in<

— 385 kips
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The controlling value is

P = 385 kips

The answer is (B).

For the LRED option, the net area is the gross area less
the area of [our flange holes and two web holes. Since
holes are punched, the hole dimmneter is taken as s in
greater than the fastener diameter,

A, =A—-4t;D - 2t,D
= 14.4 in® — (4){0.56 in)(0.875 in)
— (2)(0.34 m){0.875 in)

= 11.85 in®

Sinee all elements are connected, the shear lag eocHi-
cient, U, is 1.0. The design axial tension strength is

{.'ﬂ-!]'u E ﬁﬁ:'j'lr-qg
< (0.9) (ﬁﬂ ILPE) (14.4 in?)

112
= 648 kips
aly < QJ’FH A,
I
< (0.75) (ﬁﬁ _1{5) (11.85 in")
=32

< 578 kips

The controlling value is

¢ F, = 578 kips
The answer is (B).

156. The properties of a (112 x 30 are A = 8.82 in?,
tw = 0.51 in, 7, = 162 in" (strong axis), I, = 5.12 in*
(weak axis), and the centroid is located 0.674 in from
the outside edge of the web. For the built-up section,

I;r = Z{I:r T -‘idﬂ}
(0.5 in){11 in)*
= (2) 12
+ (8.82 in”)(6 in - 0.671 in}”
= 621.5 in* (622 in”)
I, =Y (Iy + Ad®)

+5.12in*

[ (11 in)(0.5 in)? \
12
=(2) + (11 in)(0.5 in)(6.25 in)?
\ + 162 in? /

= 753.9in* (754 in?)

A=) A

= (2) ((11 in)(0.5 in) + 8.82 in?)

= 28.6 in°
/1. \/ 622 in®
TI — —_— . —
A 28.6 in?

= 4.66 In
- \/ By _ \/ 754 in
YN A4 Y 286 in?

= 5.13 in

The: radius ol gyration about the r-axis controls.

KL _ KL,
roT,
mn
16ft)| 12 —
B ( ft)
N 1.66 in
=4}

For the ASD option.

e

2 E
FE-’

92 (:zﬂ,mm '-“%)
m

\ 3 XD
mn-

-

L

Gg::-

Use the appropriate AISC cquation.

3" 8 7 8cd

= (1 -~ {21}:2;}2) ('36 E:[Eb)

BED | (@?
(8)(126)  (8)(126)°

b
E T+
= 19.0 kips/in®
P=F,A
klpb s
= 543 kips (350 kips)

The answer is (A).
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For the LRFD option.

2 kiﬁt-;
KL /ff_y 41 36 2
A'L':_L'—_VE= : kips
" E \| 20,000 =
in
—=0.46 < 1.5

Use the appropriate AISC equation.

F.. = (0.658%)F,

— (0.658(0-16)°) (3& ETE‘-)

=
= 32.93 kips/in®
ffJPn — (br:Ff.'.?‘ AQ

= (0.85) ( 2.95 ]i;—) (28.6 in®)

- 801 kaps
The answer is (A).

157. For the 5125 in % 22.5 in seclion.

g _ f}hz (5.125 in){22.5 in}*
i 6
= 432 in*
M. =Is

The allowable bending stress is obtained by mmlfiplyving
the basic stress by the lesser of the volume factor, C,.,
and the lateral stubility factor. C;,.

o BN AN SRR
e=n((7)(27) F))
9 i 4 B [953 140
n(38) (22) (2222)
36 ft 225 m 5.125 1n

= ().80
101
= L
By “)( ft)

—
T —

d 22 35 in

la%—{JJJ
of

I'heretore,

O RCE

— {1.63)(18 ft) (12 E) + (3)}(22.5 in)
=119.6 in {420 in)

f__ {42!3 in)(22.5 m)
2 125 in)?

=19
F; = F, = 2400 1bf /in”

(0.439) (1 600.000 lhf)

K{;E_E’ ‘.II'.lE

PT i — R —
9 RZ, (149)2
= 1946 Ibf /in®

1946 l—hf

B = =08
b e
24040 —3
Fi Lyt B
1 + b:l:, "h:t. j-.b:t-
£ Fh "_Fh . Fh
1.9 1.9 1.9

_ 1+08I 14+081\° 081
19 1.9 0.95

=0.72

(.-'TL

|

Allowable bending stress is controlled by the stability
factor, Cz. Therclore,

M, = FiS = CLF,S

Ibf
: 400 —; in®
) (0.72) (2 00 "ﬁ) (432 in%)
ibf in
o ) (=)

= 62 ft-kips
The answer is (A).
158.

L, = B0t i, =120

. e 1
S A |
CEETET T T T T oo wn

bt V“-:\:I .

For a plywood diaphragm. the reactions to the shear-
walls are in proportion to their tributary lengths.
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The shear in the diaphragm just to the right of shearwall
B is i1
— | (120 £
(320 = ) (120 ft)
2

el

19,200 Ibt

wrlio

The shear distributes uniformly over the width of the
diaphragm.

Vg, 16.200 Ibf
R =

B~ 40t
= 480 Ib{ /it

The variation in diaphragm shear between B and C is

=, — NI

 Thf
™ [T
e 120 ft

The limits of the region where the absolute valuc of v is
less than 240 Thf/ft are given by the following equation.

f bt
'?'=24’Uﬂ=!43ﬂ'l£—(8—)ﬂ:

[t ft ft?
£y = 30 ft
xy = 90 {1
The answer is (C).

159. Design on a unit-length basis (b = 12 in).

(EU %c) (V538 H¥
Mpax = B" = m

— 5R7.5 ft-1bf (588 ft-1bf)

For wall reinforcemnent centered in a nominal 8 m ma-

sonry wall,
7.62 in

f
d=5=—5

= J.81 n

For grade 60 reinforcement subject fo wind load, a one-
third increase in allowable stress is permitied.

1\ {. Ibf
£~ (5) (a0 35)

— 32,000 1bf /in?

For the masonry,
1bt

s V(BN _ R e
STREIN G P R 3

= 667 1bf/in”

A trial vahic of A, is found using an internal lever ann
of /s of the effective depth.

M
Fold

n
(588 ft-1bf) (12 E)

(32.(1{}1’1 1h—§) (Z) (3.81 in)
n o
= 0.066 i’ (0.07 in%)

A, =

The steel ratio is
A, 0.07 in?
P=%d ~ (12m)(3.81 )
= 0.00153

The modular ratio is
_E, K
"= T, 05
Ibf
29,000.000 —;

n

Ibf
(750) (15{;{} TT)

in*
= 25.77 (26)
pn = (0.00153)(26)
= .01

The depth to the neutral axis is

k = \‘/(FI-H:]E + 2pon — pn
= /(0.04)? 4 (2)(0.04) — 0.04
= {).246
_ k
Fl=g
B (0.246
3

= 0.918

The stress in the steel 1s

M. ax
=

(588 ft-Ibf) (12 %)

~ {6.07 in2)(0.918)(3 81 in)

ibf
= 28,820 T o < F.
m
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The stress in concrete is

- Mumx 2
i "( bef? )(ﬁz)
; 5 30
(588 fi-1bl) (u E) ( 5 )

(12 in)(3.81 in)2 (0.918)(0.246)

1bf

w |

&

359 < F.

The trial value of A, = 0.07 in? is suflicient.

The answer is (B).

160. The number of loading cveles is

ycles
RNe= (Frﬂ B ) (355 da_w) (25 yr design life)
day ¥T

= 456,250 cycles

Per ASD specification, the number of eycles corresponcds
to loading condilion 2. The bottom fange will experi-
enice alternating tension stress adjacent to the trans-
verse weld, which corresponds to stress category T2V
(The flange thickness of the W21 x 93 is 0.93 in, which
exceeds the imit of 0.8 in that distinguishes categories
E and E'.) Tor this condition, ASD limits the siress
range 10 9 kips/in?.

The answer is (A).
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461. The curve radius is

R— (3607)(100 fr) {36[}:“’}{11}[! fr}
2D T 2x(29)
= 2364.789 fu

The interior angle is

[ = 54°56'24" - 32°15"18"
~ 22°41'6" {22.685°)

The tangent length between PI and PT 1

I : 22.6857
T = Rlan 5 = (2864.789 ft) tan ( = )

2
= 574.652 t

The northing (i.c., change in north dimension) is
AN = 1 cos(bearing)
= (574.632 [1) cos(54°H6'24")
= 330. 100 ft

The casting (i.e.. change in cast dimension) is
AE = 1'sin{bearing)
= (574.652 ft) sin(H456'24™)
= 470.382 {1

The northing of 'L is

Npt = Npp | AN
— 423.968.68 fr + 330.10 [t
= 424,298.78 {t

The easting of the P is
e = Epp + AFE
= 268,236.42 ft - 470.38 ft
= 268,706.80 ft
The coordinates of the PT arc 42429878 N and
268.706.80 F.
The answer is (A).

162. The bearing of the radius. I,.. at the P is oilset
90° from the tangent at the PT.

B, =90° + B,
—=00° + N 54°56'24" E
= N 144°56'214" E (S 35°3'36" E)

The answer is (D).

163. Usc the Pythagorean theorcm and the given co-
ordinates to calculate Lhe required distunce.

-

D = \/(Necmetery — Newrve)? + (Eoermetory — Feurwe)
(424,230.72 ft — 424,180.39 1)
+ (268,198.69 [l — 268.549.70 ft)*
— 78.00 ft (78.1 ft)

|

The answer is (C).

164. Use the AASHTO Green Book. TFor rural high-
ways, assume the maximuin rale of superclevation, 0.08-
0.10. For 40 mph design speed and a 2° curve, the curve
raclius is
= (360°)(100 ft)  (3607)(100 f%)
a 21 T 2m(20)
= 2864.79 ft

Iu the Green Book exhibits, the resulting rale ol su-
perelevation is approximately 0.03.

The answer is (B).

165. Use the AASHTO Green Book exhibit on stop-
ping sight distance. ‘L'he minimum stopping sight dis-
tance for a design speed of 40 mpb is 300.6 ft (rounde
up to 310 ft).

The answer is (C).
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166. [l curve length is the distance from the PC to
the PT.
i 2r 1 _ 2 (2080 ft)(60°)
360 360°
= 2178.17 ft
sta PT =sta PC+ L = (sta 124+ 40) + 2178.17 fL
=sla 34 + 1817 (sla 34 + 18)

The answer is (C).

167. From the given table, the runoff for a curve of
2020 [t radius is 150 ft. On circular curves such as this,
the 150 ft represents once third of the superelevation
runcl, L (the transition from normal cross slope to the
superelevated cross section). Therctore, two thirds of
the snperclevation runelf 18 developed on the tangent.
and in this case, that is 300 ft. The tangent runcut,
1» (the distance until the adverse ¢ross slope has been
removed ). is 300 ft {twice the runofl in the curve ac-
cording to the problem statement). The station of the
transition start (1'S) is

STA, FJ_S = 5la 1}{: e %L b TR

= (sta 12 ! 40) — 300 ft — 300 ft
= sta 6+ 40

The answer is (A).

168. The midpoint, M, of the curve is located half of
tlie eurve length L past the PC.

5
sta M = sta PC + E

= (sta 13 4 50) + E{J-[;U—ft

= sta 23 + 50

The clevalion of the centerline at M 1s
E

eleviag conieddine = tlevpa + G 5

1 ft 2000 tx
— 170 t .0075 —
L70 t~|—([ D075 ff.)( 5 )

= 177.5 ft

Since the midpoint is more than 150 {t from the PC
and more than 150 ft from the PT, the section is fully
elevared af the midpoint., The cross slope is 0.045 ft /1L,
The outside pavement edge is higher than the center-
line by

it ft
aav — 1 0.045 — 2 — 116
A (I 145 &) (12 lme){l lame)

- 051 1t

The elevation of the outside pavement edge is

Ul@"-"m.edge —. Elﬂ"ﬂ’hhc::ﬂ';ter!inm 4 Dty
= 1775 it +0.54 &t
= 178.04 f+ (178 f1)

The answer is (D).

169. The peak hour factor (PHF) is defined in the
Highwey Capecity Manual (HCM) as the ratio of the
total hourly volume to the peak rate of How within the
honr.

hourly volumne V
peak rate of flow within the hour 4Vig
195 veh + 163 veh + 157 veh + 178 veh

(1}{195 veh)
— 0.888 (D0.89)

PHI =

The answer is (B).

170. The recreational vehicles can be combined with
trucks because the percentage of trucks and buses (22%)
is at least five times the percentage of RVs (1%). There-

fore, the analysis will be based on a percentage of trucks,
Pr, of 26%.

From the HCM. the passenger car equivalent of heavy
trucks, £, is 1.5. The heavy vchicle adjustment fac-
tor, fryv. is determined nsing the corresponding HCM
equation,

B 1
L T
N 1
~ 1+4(0.26)(1.5—1)
— (1.883

The 15 min passenger car equivalent flow rate is de-
termined from a HCM equation. The driver population
factor, f,. is assumed Lo be 1.0 for commuter traflic.

v
* = PHE)N fuv],
veh
_ 2600 _h_l_
(0.85)(3 Tanes) (0.835) (1.0)
= 1108 pephpl (1110 pephpl)
The answer is (B).
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171. The actual free-How speed (FFS) can be deter-
mined from a HCM equation.

BFET'S = 65 mph  [given!
fiw =19 mph [HCM,
frc =0.80 mph [HCM]
fa = 1.5 mph |[ICM]
fio = 0.0 mph  [HCM]
FI'S = BEFS — fise - fre— fy — fio
= 60 wph — 1.9 mpl — 0.8 wph
— 1.5 mph — 0.0 wiph
= 60.8 mph (61 mph)

The FFS is used as the average passenger car speed, S.
The density of How from the HCM equation is
vy 1667 pephpl
g mi
Gl
hr
27.3 pepmpl

D=

[From the relevant HOM LOS exhibil. the LOS is D.

The answer is (C).

172. Assuming (hree lanes in cach direction. the free-
flow speed (FFS) can be determined from the HCM
cquation.
BI'FS =70 mph [given]
fuw = 0.0 mph  |[HCM, assuming ideal 12 [i lancs]

- | HOM. assuming ideal
Jue = 0.0 mph lateral clearance > 6 FtJ

[ HCOM, assuming three lanes
in cach direction

f;.; = 3.4) Hl]}h

Jip = 2.0 mph HOM]|
FFS = BFFS — fiw = fuo— fn — fin
= 70 mph — 0.0 mph - 0.0 mph — 3.0 mph
— 2.5 mph
= 64.5 miph

The FFS is used as the average passenger car speed, S,
The density of How for a six-lane {reeway (three lanes
il each direction) 1s

l.lp:{ IH.“.EE 1374 Prphp}.
Dﬂ lanes = < — _—
3 lanes !j 4. 5 gl
hr

= 258.1 pepmpl

The calewlated density (29.1 pepmpl) is greater than
26 pepmpl {(the maximim density for LOS C from the
HCM LOS criteria exhibit). The expected LOS is D if
only three lanes are provided in each dircction. There-
fore, revise Lthe proposed design and provide four lancs
in cach direction and check the density again.

The change in number of lanes will also change the
15 min passcnger car eguivalent flow rate (v, = 1874
pephpl) because it was based on a six-lane freewayv.

1 tp.3 lancs
3
= | — | (1874 pephpl
4

= 1406 pcphpl

f-'l-.,.; lanes

The FFS, assuming four lancs in cach direction. can be
determined [rom the appropriate HCM equation.

BFFS = 70 mph given]
fraw = 0.0 mph  MCM, assuming ideal 12 fr lanes]

- FHCM, assunung wdeal lateral
fr.e = 0.0 mph clearance > 6 ft ]

fx = L.5 mph
fip = 2.5 mph  [HCM!

FFS = 70 mph — 0.0 mph — 0.0 mph — 1.5 mph
— 2.5 mph

[ HCM, assimniug [our lancs
in cach direction

= 66 ph

The density of Aow for an eighi-lane freeway {four Laes
in each dircetion) is given by the HCM density equation.

4.3 lunes 1406 pephpl
D) lanes = § = mi
4 lancs ﬁ{l e
hr

- 21.3 pepimpl

The caleulated density (21.3 peprapl) is less than 26
pepipl (the maximum density for LOS € from the
HCM exhibit). Therefore, the expected freeway LOS
is C if four lancs arc provided in cach direction.

The answer is (C).

173. Use the ITCM 1L.OS eriteria oxhibit. The freeway
capacity per lane when v/e = 1.0 is 2300 pephpl at 60
mph free-flow speed. For & growth [aclor of ¢ = 5%, the
number of vears, n, until the freeway reaches capacity
can be deternmined as [ollows.

e = By pressat (L )"
2300 pephpl = (1900 pephpl}(1 + 0.05)™
log 2300 pephpl = log 1800 pephpl | oz log(l =+ 0.05)
n=39yr (4yr)

The answer is (D).
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174. '|'he horizontal distance from the BVC track cen-
terline is

Frail

L
=) (sta 28 + 50) — {sta 26 + 00)

.48 .
= L df = + {sta 28 + 50) - (sta 26 4- 00)

= 11).74 sla

{Tl{':"i.'H!ﬁ; = t‘lE?\; — G|

= 231.00 ft —

H_.,.-—-.\I‘n.:t"'l

3 ft-) 16.48 sta
" sta 2

The curve elevation al track centerline is

= 206.28 ft

Go—G
elevygasn = (—-32 I - ) Ifail + G Trail + cleveyo
. ft
3 .;%, — (+3 i)
SLi ¥ -
TR T B e

{7 (3 -ﬁ'—) (10.74 sta) + 206.28 ft

sta

= 221.00 ft

The distance I is the diflerence hetween the curve cle-
-tion at the track center line and the elevaltion of the
railbed at thal same point.

D= 22100 ft - 195.00 ft
= 26 I¢

The answer is (C).

175. There are different ways to determine the mini-

mum length of a vertical curve. The quickest is to use
the AASHTO Green Book oxhibit on design controls
for crost vertical curves with open road conditions.

Calenlate Lhe algebraic difference, A, in grades.

A= l(;,g = Gll
= |~6% — 2%
= 8%

Enter a horizontal line from the algebraic difference in
orades into the Greem Dook exhibit to intersect the 55
mph curve. Drop a vertical line from the point of in-
tersection, and read the minimum length of curve, L,
which in this case is about 900 ft.

The answer is (D).

176. The elevation of the EVC 18
79

elevpyve = elevy + GEE

— 231.00 f& & (_2 *h:_) (16.4& 51.:-1)
sta 2

=214.52 It (210 ft)

The answer is (C).

177. The horizontal distance from the BVC is
LG
.hlgh |G2 = G1 :

{22.00 sta) (3 E)

B sta
ft fr
sta sta
= %.20 s1a
The station of the BVC is
I
stagyve = slay — 5
22.00) sta
= (sla 91 + 70) — ;
= sta 80 + 70

The station of the highest point on the curve (the turn-
ing point) is

Stanigh = stapye + Tuigh
= (sta 80 + 70) | 8.25 sta
= sta 88 + 95

The answer is (B).

178. 'The distance from the point of interscetion of the
two tangents {the vertex) to the midpoint of the curve
is the external dislance, F.

E::R(ﬁﬂc%—l)

g B3
= (1100 ft) (sec% —1)
— 9063 ft (91 ft)

The answer is {C).

179. The horizontal distance from Lthe BVC is

ft
*‘LGI —(9 h‘tﬂ} (—*i E.:rl)
Llaw — - == x
oG LR 7 &
sta sta
= 7.20 sta
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The elevation of the BV 1s

T'he passenger car equivalent for RVs 1s

L ; ; ;
clovnye = clovy — GlE Enp=11 [HCM]
anem e 8 . 9.00 sta
= 2231311 —| - 4 o i The adjustinent factor for the presence of heavy vehi-
_ 9940.31 £t ¢les, f”V? 15 deterrimed using the appropriate HOM
ecpiafion.
The elevation of the lowest point on the curve (the furn- i 1 1
ing point) i3 LBl iy — 1)+ Lpi Eg — 1)
1
(+; — G : T (0.08)(1.9— 1) + (0.02){1.1 =1
e ( EF 1) 'T'ﬁ;.w + Grifiow + elevpve H GO0 | LGN )
2L = 0.931
ft. £t 5
1 oy o (__4 T) 0 ( }
5 a sla 514 - i I'HE) fe: fav
=3 20 st G THY
D00 sw) | 20 £) il
1100 —
L B hr
tt "
¥ (—4 ﬁ) (7.20 sta) -+ 2249.31 s (0.92){0.99) (0.931 "Eh)
L pe

= 2234.91 £t (2235 tt)

The answer is (D).

180. Use the procedure [or analyvsis of fwo-lane high-
wavs with general terrain since no specific grade was

= 1297 peph

The highest direetional flow rate for (he peak 15-min
period in peph 13

‘{ﬂ,max = (. 61;-}1

given. ‘L'he passenger car equivalent flow rate for the == (0.6}(1297 peph)
peak 15 min period is given by the relevant HCM equa- = T7% peph
LLloIL.
V
5. e

¥ APHDY fo friv

The adjustment tactor for grade is

f{_‘,‘ — 3.99 [HG:"»"I]

'The passenger car equivalent for heavy trucks is

Ep=1.9 [HCM]

Figure for Solulion 181

demand curve .

The answer is (C).

181. Estimate the expected traffic volume that will use
the new freeway by plotting the point of intersection of
the demand and supply curves. The two curves can be
combined as shown. At the point of intersection, the
voluine 19 most nearly 1750 vph.

The answer is (D).

~ intersection point

supply c

500 / 1000
Lrve

s ;
5 o b
¥ ™ —
i :51 ___“‘“*:.l—;_‘-::‘__ﬁ‘h
L3 i _-T-"'"'--...___‘
2 = —"F e
1500 2000 2500 3000

traffic volume (veh/hr}
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182. Tutal overhanl distance (OHD) is the difference
between the average total haul distance {TIHD) and free
haul distance (FHD).

OHD = THD - FHD
= 840 k& - 500 fi
= 340 ft

Assuming 100 ft stations, the OHD in stations is

OTID, = (340 ft) ( f’m?; )

3.40 sta

I

The overhaul in cubie yards (OH,) is 730 yd” from the
mags divgram tor 500 [L free haul. The overhaul in cubic
vard-stations {OH) is

OH - (OTI,)(OHD,)
= (730 yd*)(3.40 sta)
= 2482 yd’-sta

The overhaul cost (OIIC) depends on the overhaul unit
cost (UC) and the amount of overhanl.

OHC = (UC)(OH)

b
= (g?:} 3 ) (24'8‘2 }'dg—ﬁtﬂ}
yd -sta
— §24 200 {$24JI|U)
The answer is (C).

183. The service rate per hour, ). depends on the
sorvice time per vehicle (SPV),

{60 min
= [ehK] ( 1 hr )

B 1 veh Eﬂ_ _r_n_iE
A 1.5 min 1 hr

= 4() vph

The service rale is greater than the arrival rate. g, of
3 vph. Therelore. the queue is undersaturated. The
expected mnnber of vehicles waiting in the queue is

2

g
QQ -q)
o)
(:m ?E—h)
_ hr

) veh " weh veh
Lo o ) =2
(4{] o ) (41_ | 30 i )

—2.2b

by

The answer is {B).

184. Using the gravity model and the productions, I°.
and attractions. A, of the related zones, the urips pro-
duced in zone 1 and attracted Lo zope 3 are

AHFI-S HLB )

Tiz=P * ; K
1.3 1 (AEFl‘EIil'E + AEF].SB]E —|—11¢F]_-iﬁil’l

(1100 trips)(8)(1)
(840 trips){10){1)

+ (1100 trips){8)(1)
+ (630 Lrips)(24)(1)
(430 trips)

— {1600 trips)

= 429.2 trips

The fuctor K is assumed to be 1 because the problem
stated that the socioeconomic conditions are the same
for all zones.

The answer is (B).

185. Based on the node-to-node travel times from the
illustration in the problem, the minimum iLravel times
from node 1 to all the other nodes are shown i the
following illustration. The links with the longer total
travel times from node 1 arc climinated based on an
all-or-nothing approach.

24 min

..-"I ~
12 mi

——— longer total trave! times

s

{not to scalel

Link 1-5 will carry the volume from node 1 to both

nodes 5 and 4. The total volume, V', on link 1-5 is 245
veh (115 veh 4+ 130 vel) as shown in the next illustra-
tiou,
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245 veh

138 veh _@
5 _

(not 1o scale}

The vehicle minutes of travel, VM, is Lthe Lotal volumne,

L |
T

V', multiplied by the travel time,
VM = VT = (245 veh)(7 min)

= 1715 vebh-min {1700 veh-min)

The answer is (C).

186. The QRS method is based on incorporating ser-
vice elements in the estimation. Impedance of the anto
maode between zones 1 and 2, Iy g, is a function of the
in-vchicle tune, VT, in minutes; the excess time, ET,,
in minutes: the trip cost, TO,; and the Income per min,

B
TC
Tivgre= V2500, 3"
1,4 = ) 3k INH
19 mi ool
% - S (fj'[J ‘T”“) + (2.5)(6 min)}
- T hr
'-\_}' —_—
hir

([].35 Eb) (12 mi)
L 3) 1]
. $30.000
F20,000 min

= 78,49 11nin

Similarly, impedatice of Lhe iransit mode between zones
1 and 2 is

, TG,
T — N0 | IR T B
1,24 : MLy | N,
1() mi ‘
e (61’1 H"L-‘f-l) +(2.3)(11 win)
4 f AT
" hr

(uzu —_) (10 1mi)

- (3) 1111

TR $30.000
120,000 min

= 64.843 min

The percentage of trips helween zones 1 aud 2 thal are
expecled Lo use aumo, MS,, is specified by the QIS
model,

4]
11,21!.

I+ 15 4,
B (T8.49 min}’ -~

(64.83 min)® + (78.49 min)1->
= 57%

MS, = * 100%

o ]. ﬁﬂ %}

The answer is (B).

187. Thoe cxpected number of fatal accidents alier the
development, FA,, is the munbor of fatal accidents he-
fore the development, FA;, roduced by 25%..

FA,

(1 — reduction)F4,
(1 — 0.25)(140 total accidents)

. _E_;_.fa.tal accidents
100 total aceidents
= h.25 fatal accidents

The vehicle-miles of travel (VMT) during the 3 yr pe-
riod, T, after the development and improvements on
this 15 mile section, £, is

VMT = (ADT)TT,
% Jh A e
= (18,0[}(] T ) (3 yr) (3ﬁ5 a8y 5) (15 mi)

day Vvear

— 9295.65 % 10° veh-mi

The fatal accident rate, RIWM, per 100 million veh-mi
of travel (HMV M} 1s

FA, (100 x 10%)
VMT
(5.25 fatal accidents){100 x 10°)
© 995.65 x 108 veh-mi
= 1.78 fatal aceidents/HMVM
(1.8 faral accidents/HMV M)

RPVM =

The answer is (B).

188. The total mamber of vehicles enlering the inter-
sections 18

Vi = Z entering {raffic

ks il o 3
T ban e PR gy

day day day day
= 6250 veh /day

= 120()
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From the problem statement. 13 injury-causing aca-
dents, 1A, occurred in 1 yr. The rate of 1A per 10
million entering vchicies is

TA(10 % 10%)

RPEV - =
VE (:555 —‘E)
}T
mnjury accideuts &
13 - (10 x 10°)
s T
el day
({125[] = --l) (3613 —3-‘-)
day Vear
= 5T accidents/10" veh
The answer is (B).

189. Bascd on the percent of comunuters, Py, the num-
ber of commmting vehicles expecied to use the parking
garage 15

Vi = PV = (0.75)(400 veh)
= 300 veh

Based on the percent of shoppers. P, the number of
shopping vehicles expected Lo usc the parking garage is

Vo = P,V = (0.25)(400 veh)
= 100 veh

The total demand for the garage, D, is based on the
number of vchicles and the time thev spend parked. #;
represenis the average parking duratunion of the com-
mters, and 7, is the average parking duration of the
shoppers.

D = Vity + Vaty
= {300 veh)(8 hr) + (100 veh)(3 hr)
= 2700 veh-hr

Beeanse each vehicle is expected to ocenpy one space.,
the demand can be expressed as 2700 spaces-hr. The
total time the parking garage is available for parking,
T, is from 6 a.m. to & p.n. (11 hr). f is the parking
efficiency. /N is the number of spaces required to mect
the demand. The demand is equal to the product of
the efficieney, the available time, and the number of
spaces required to meet demand. The required supply.,
S. should be equal to or greater than the demand.

$>D=fIN
2700 spaces-hr = (0.85){11 hr)N
N = 289 spaces (290 spaces)

The answer is (C).

190. The width of available space for parking on cach
side of the road, 1. 15 calculated from the width of
the road, W, and the width of each lane, Wy .

W — 2wy,
2
40 £ — (2)(11 f)
2

Wpe

=0 f

This parking width (9 ft) can only accommodate par-
allel parking. which is Lthe parking configuration with
the least traffic interference. The length of a parking
space in a parallel parking configuration 1s based on a
standard of 22 fi.

The total number of parallel parking spaces on both
sides of the road is

no. of sides)(road length)
stall length

5280 ft)

(2)(1.2 mi) ( :

- | 1 mi
29 _E_
space

= 576 wpaces  (HR0 spaces)

The answer Is (B).

191. The weaving scction is of type A configuration
according to the Highway Capacity Manual (HCM) be-
cause both weaving movemoents must make one lane
change,

The larger of the nonweaving flows is

SENgCer Cars S=0TP0T Cars
1y = 2500 PCu8 + 2000 P2ECRE
hr hr
_ o DASSenger cars
hr

= 4300 passenger cars/hr

The smaller of the nonweaving flows is

passenger cars | DasSEeNger Cars
hi =g hi B
| T

= 150 passenger cars/hr

vy = 450

The weaving flows are shown in the weaving diagram,
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4300 peph

150 pcph

The eritical ratios can be calculated based on the weav-
itig diagram and the definitions of critical ratios given
111 HCM exhilils.

Total weaving How rate in the weaving area is

PASSCILZCT CALS passenger cars

+ 3010

lar hir

Py = 200

- H() passenger cars/hr

Total How in Lhe weaving area is

PenCIIECT Sdls =00 PrassCIger Cars
T N

hr hr
passenger Cars

hr

= 4950 pagsenger cars/hr

v — 4300

+ 150

The volume ratio is

T":'E.l'.'
VR = -2
U

passenger cars
500

by
PASSEIYEr Cars

1950

hir

= 0.101

The weaving section has a total of three lanes, vV, and a

length of 15300 ft, L. The weaving intensity factor, W,

is given hy an IICM equation. The constants a, b, ¢

and d are obtained trom TTCM.

. el
M|+1R}(H)
Lt‘!

W; =

. PASSCNIECT Cars y 9T
AO50 e e
hr-lane

3 lanoes

(0.15)(1 + 0.101)%2

(1 50 ft}-[‘.l.ﬂﬂ

The weaving speed for unconsirained operalions is given
by Lthe relevant HCM equation.

i See — 10 e
[ S e
hr 1+ 1,
11i m1i
Ol — — 1 —
g 0 o hd hr
hr 1+ 0,705

= 44.3 mph (44 mph)
The answer is {B).

192. The total lost fime for the whole intersection, L.
is the sum of lost times for all the phases.

L= E £
= 3 see + 3 see+ 3 see + 3 sec

— 12 gec

Using the appropriate HCM eguation, the cyele length
of the mtersection traflic signal, €, can be determined
given the desired critical ratio of flow to capacity for
the overall intersection, X,

(5 C
X. = o - oo B
4 Z(-‘i)ci (C—L)
0.90 = (0.35+0.10+ 023+ 0.08) { = S
i - Ll ' — 12 sec

C =771 sec (78 se)

The answer is (B).

193. The problem statement provides information
about the intersection: the maxirmun allowable speed.,
vi the widih of interseciion, W: the average length of
vehicle, L; the perception-reaction time. fpgr; and the
deceleration rate, a.

The minimum vellow interval al this intersection is

W+L v

Lyellow .min — PR + s
(7 2a

48 ft + 20 fi

) (oY [ B
hr 1 mi 3600 sec
(flr E) (5_:280 ft.) ( 1 br )

~ by 1 mi 3604 see
= i
(2) (11.2 :-;c:u";’)

= 5.98 sec (6.0 scc)

= 2 sec +

The answer is (D).
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194. Compound curves consist. of two or more curves
turning in the same direction while reverse eurves turn
in opposite directions. Therefore. the statement in op-
tion (C) is not true. All the other statements are Lrue.

The answer is (C}.

195. Rapid-curing asphall is fonned by cutting as-
phalt comnent with a petroleum distillate, such as gaso-
line, that will casily evaporate.

The answer is (C).

196. A soil classified as A-7-6 (20) is usually rated
“poor” as a subgrade and is considered unsuitable as a
subbase material. Therefore, the statement in option
(D) is not truc. All other statements are Lrue.

The answer is {D).

197. From the illustrations, [or maxdimum nnit weight,
the asphalt content ACyw is 5.47%. For maximum mar-
shal stability, the asphall content ACsy is 4.9%. For
1% toral air voids (VTM), the asphalt content ACay is
4.57%. The optimum asphalt conteut ACqp i3

ACuyw + ACst + ACy,

I'!LG[}'P = 3
_ 54% + 4.9% 4 4.5%
- 3
=4.93% (5%)
The answer is {C).

198. The problem statement provides information
aboul the paving mixture: the bulk specific gravity of
Lthe combined aggregate in the mixture, Gy, the mass of
Lhe core in air, A; and the mass of the submerged core,

C.

The bulk specific gravity of the mix is

A
Gmb == &= (-.
B 1238.5 ¢
- 12385 g - 6983 g
= 2.29

The aggregale percent by weight of total paving mix-
ture, P.. is 100% — 6% = 94Y%. The percent VMA is

VMA - 100% — Grab L’
G
(2.20)(94%)
— 100% — _
— 100% s

= 18.46% (18%)

The answer is (C).

199. The problew statement gives the following infor-
mation about the project location and the pavement
design: latitude, lat; the 7 d average high air tempera-
ture, Thigzp: the 1 d average low air temperature, 1j,,:
the standard deviation of the high temperatlure, opg,;
the standard deviation of the low temperature. o, ;
the pavement surface depth, #; and the reliability.

The 7 d average high air remperature for W% (z —=
2.055} reliability is

I-i;ithE = Thigh s 2.‘}ﬁﬁﬂ].5ﬂ}, =315 (E)(ltt‘}"‘{"a
=34

The design pavemocent tomperature at a depth of 20 mm

15
Thichos — [].ﬂﬂﬁlt’i(lm)ﬁ
Tﬂ['} mi — - {[}95-]::1) — 17.78
+ 0.2289(lat) + 42.2

34°C — (0.00618){40.9°)2

- + (0.2289)(40.9°)
~42.2

= 54°C

(0.9545) - 17.78

The low pavement design temperature is

Toave = 1.56 + 0.72T 1o — 0.004(lat)?

t 6.261log o(H + 25)
— 2y/4.4+ 0.520¢

lovw

= 1.56 4 (0.72)(—25°C) — (0.004)(40.9°)*
+ 6.26 logy (190 mm { 25)
— 2.055\/4.4+ (0.52)(2.7°)?

= —14.4°C (-14°C)

From a table that contains performance-graded asphalt
binder specifications, use the computed values of Too
and ¥ ,... to select an appropriate performance grade
asphalt binder for this project. The asphalt binder PG
53-16 is the most appropriate for 98% rcliability.

The answer is (C).

200. The problem statement gives information about
the constructed pavemnent. including its thickness, D;
the layer coellicient, a; and the drainage coctheient. m.
The materials used in the different layvers—AC surface
course, untreated granular base, and untreated gravel
snbbase are represented by the subsceripts 1, 2. and 3,
respectively.
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thickness, 2 layer drainage

material (1) coeflicient, ¢ coefficient. m
AC surface

course, fi 6 0. 400} =
nntreated grannlar

basa, £ 8 0.L15 0.5
untreated gravel

subbase, g 10 (.09 (3.50

The SN of the constructed pavement is

SN = a0 + asDomas 4 ayflimy
— (0.400)(6 i) + (0.115)(8 in)(0.50)
+ (0.69)(10 in)(0.50)

=331 (3.3)

The answer is {(B).

143
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201. The ratio of the design head to the test head is

H 16 ft

H, 10

From the test results, the coefficient of discharge is

M

— = 1.09
=1.00¢7,
fi.l/2
= (1.09) (2.2{} )
HOC
= 2.40 ft'/% /sce

The discharge for a broad-crested weir is

Q = ChH®/?

1/2 _—
= (2.4{1 i ) (16 f1)(16 [L)**

o el
= 2457 ft* fsec (2500 ft* /sce)

The answer is (B]).

202. 'I'lie statements are all true.
The answer is (B).

203. 'I'he total available enerey head is equal to the
velocity head al the discharge plus the total losses in
the piping system. The losses include friction at the
square entrance, h.; friction in pipe section 1-2, hgy;
sudden contraction. A, ; [riction in pipe section 2-3. fi ro:
friction in the rotary wviilve, fi,.; and the velocity head at
the [ree discharge, /iy, The minor losses are expressed
using a loss cocfficient, K. of the velocity head. The
head loss for a square edge entrance (K, = 0.5} is

vi
he =R .hy, = K.—
2¢..
2z
"
- 0.5
hgﬂ-

The head loss for pipe section -2 is

o (5)(
)@

The head loss for the sndden contraction is
1 DN\
K= — 1= e
(- (%))
_ (Y[, _(12inY’
R 20 in

— {).32
v2

he =
le = GSZQJ

_The head loss for pipe section 2-3 is

L v
= 4(5) (5)
4920 ft.\ [ v3 in
A ( 12 in ) <zg) ( rt)

2
= Wi
= 4920, =

The head loss for a fully open rotary valve is

10v3
2y

/ by ™=

The head loss for the free discharge is

1.0v3

Ry =
o 29

From the continuity cquation,

it v,
i1
(12 in)*ve
~ (20 in)?
= .36v,

PROFESSIONAL PUBLICATIONS, INC,




146 civVIL PE SAMPLE EXAMINATION

To evaluate fi and fu, the Reynolds munhers for points
L and 2 are needed,

: 1ft
Hogs (20 in) (12 iu) vy
Re, —— = =

fr
Y 1410 x 105 —
o

= 1.18 x 107v,

93 1 .
e e b
Boy, S22 =t

v .
1410 x 10>

b e
= 7.09 x 10%v,

The relative roughness for cach of the two pipes 1s

1 ('ﬂ.l_H]:L ft) . in
D, 20 in [

= 0.0024
5. M. ﬂ'ﬂ-i It 19 in
= 0.001

Solve by iteration. For trial 1, assume f; is 0.022 and
fo 15 0.025. The head loss relationships are

AE, = AE,
e | hﬂ + he + h.f;: — fy +hy =295 It

0.36v3

| fi
250 322 —
(2) ( H![ig)

+ (.32 - 4920f, | 104+ 1)

(0.5 + 23641,

v2
X | ey He g | =295 10
(2) (33.2 ﬁ)

Solve for ve using a caleulator solver, with £, = 0.022
aud fy = 0.028,

vy — 10.63 ft/sec
vi = 0.30v3

= {0.36) (ln.ﬁﬁ i)

SCC
= 3.83 ﬁ:fﬂ-l‘.‘[?

The Reynolds nnmbers are

1 ft ft
(20 in) ( ) (3‘83 —)
12 in S
Rey = —- - .

. 2
1.410 x 10 =

5
=453 X Y

1 ft (t
L} " l i LS
o) (12 i_u) ( G5 ‘:it.!{!)

R
= 12

YA R i =" ——=
Sec

= 7.54 x 10°

From a Moody diagram, the friction factors arve f; =
0.025 and f; = 0.028. These valnes are close enough
to the assumed friction [actors nsed to find the pipe
velocities. The velocities in Lthe pipe arc

vy =4 'H:f b e

vy = 11 [l /sec
The discharge is

D2
Q=Avs = —f A

2
T ((12 in) (1121)) (11 i)

: ox

= 8.6 M /sec

The answer is (B).

204. 'I'he difference between the water elevation in a
reservoir and the water level in a piezometer at the june-
tion is the head loss for the flow in the associated pipe.
The sum of the {lows into the junetion must egual the
sum of the llows leaving the junction.

> Q=0

Also, the piesometrie head at the junction is the same
for all pipes that mueet at the junetion. This requires an
iterative solution solved by assuming a piezometric head
at the junction, caleulating the head losses in each pipe,
then solving for the How in each pipe. The dircction of
How is based on the assumed head al the junction and
the Hows summed accordingly. The error in the trial
indicates the direction the assimaed head at the junction
shioukd be set for the nexi trial. The friction loss in each
PIpe 18

s () (2)

4 5
— (0.04) (1-7’1,-3;_3_”[:t) 5
‘ (2) (32.2 —J_,)
SO0
hs, = 5.361v}
2950 ft va
= 004 (25 ) | —

ft
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The flow in pipe 3 is

/5900 ft o3
By, = 10.04] ( _ ) 2 —
1.67 ft 1
(2) | 32.2 e | i
S (2.182 fl,"';} (5,.-13[] _)
-3 E.IQ-IT§ 2

— 11.849 [i* /scc
Assume the piezometric head at the junction is at an

elevation of 360 ft. Other initial clevation assumptions The sum of llows aronnd the junction is
could be made. This means (@ flows into the junction, i -
. : i Q:—Ch —Qs=10
and (), and 02 flow out of the junction. For pipe 1, the 3 3 e 3
: i i :
head is 4.730 — — 3410 — — 11.849 — = —10.529 [t /scc
sec sec sec

hy, =3600 ft —3280ft =32 ft
Since the sumn of flows does not equal zero. another
trial is necessary. The assumed piczometric head at

The velocity in pipe 1 is : e :
A CGRRCIRY. B el the junction is too high because the flows out of the

"h?- / 99 ft junction are too large. Assmne the piezometric head at
V== 351 =Vz35 the junction is 321.0 ft. This means Q; and Q- Aow
_y 44'3 ft faec - into the junclion, and @4 flows out.
b o - =)
The fiow in pipe 1 is @ +Q2- Qs
Q; = Ayvy The head and velocity for pipe 1 are
— (1.396 £t2) (2 13 E) hy, = 328.0 ft —321.0 ft = 7 fi
; = g
= 1.143 ft/sec
For pipe 2. the head is
hy, = 426.5 ft — 360.0 fi The flow in pipe 1 is
a — « L 1 -
=008 & Q) = (1.396 11?) (1.143 _ﬁ )
26C
The veloeity in pipe 2 is = 1.596 f‘t:j/ti{l[!
e r = 1H66'5 It For pipe 2,
1.832 1.832 | |
— 6.025 'FE/IHH{! IILJI'2 =d426.5 ft — 321.0 it =105.5
RN 1055 I
The How in pipe 2 is Vg = \/ {832
Q2 = Aavz = 7.59 [l /sce
gl ft B - o ft,
= (0.785 ft*) [ 6.025 — Q2 = (0.785 t7) | 7.59 —
= 4.730 f1? /sce = 5.958 ft> /sec
For pipe 3, the head is For pipe 3.
hig, = 360.0 ft —295.3 ft lg, = 321.0 ft —295.3 ft = 25.7 ft
=R e [
- o o eman TV 2194
T'he velocity in pipe 3 is = 3.422 ft/sec
. = - 3 = (2. L) | 3422 —
T V2102 TV 2104 s A
— 5.430 ft/sec = TAB7 ft* /sce
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The sum of flows around the junction is

Q1+ —Cz=0
ft3 ft2 ft=
16598 <= | 5.058 o B e
= e bt

- [LOST ft3 free [close enough]

(h = 1.6 £ /sce into the junclion
(2
0s

6.0 ft* /sec into the junction

7.5 ft? /scc into the junclion

The answer is (B).

205. The slope of the stream 18
Ay Latll

B = ——
f. 2135.69 1t
= (.00072 ft /1t

The Manning roughness coefliclent, n, for a natural
channel with stones and woeeds 1s 0.035. The maxiinmm
How area 1s

A = wd = (4 fr)(0 ft)
=44 I
The wotted perimeter 1s

P=uw-+2d=4ft+ (2){6 ft)
= 16 1t

The hydraulic rading is
A 24 2
v e
17 16 ft
— 1.5 1%
1T'he {low from the Chezy-Manning equation is

1.144

(=" ARYNS,
T
.L-j:g i i DRy i
= | ooar ) (24 1)(1L5 6)*7/0.00072
L)

_ 359 ft fsec (36 ft° /sec)
The answer is {A).

206. Statement IIT is false. Detention basins in the
lower part ol a river basin are most effective in reducing
the flood crest of a downstream-moving storm.

Statemoents L LL and 1V are truce.

The answer is {B).

CIVIL PE SAMPLE EXAMINATION

207. Doetormine the system head curves for the two
clear well elevations. Then. plot the pump curve against
the system head curves to determine the range of op-
crating points. The pipe friction loss is given by the
Huzen-Williams coguation.

10.441Q L1

: [3¢0
J T /185 34,8655
& d’inchcs

For design, use a voughness coefhicient ol 140. The dis-
charge pipe friction loss is

= 1255 x 107°Q 0 ft

't he suction pipe Iriction loss is

 (10.44)(1500 fYQLSS

he - 5 g
Fe (' 4[})18._1{16 ill}cl.ﬁhfh:-
= 2.320 % 1§ Ol &

ETan

At the various Hows, the discharge and suction friction
losses are

pump total  discharge  suction

How dynaniic iriction friction
rifo head loss loss
(opin) (ft) (fi) (I}
500 06 1.24 .23
1000 ot 4.45 (.83
LA} 76 9.43 1.74
2000 60 16.05 2.97
25600 36 24.36 1.49

The total dynamic head is

.IEJ.-,[ — Ih-'.zd == 'h-'z_.; o h’fd: i hf

The discharge static head is
fi., =160 16 — 90 1t
s B
The suction static head at low level is

by, =100 f - 90 ft - 10 ft

The tolal dyvnamic head at B00 epan s

fop = T0H— 10 &t 124t +0.23 %
= 6147 ft  [low level
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The total dynamie heads for other flows are given in the
following table.

pump total system head system head
flow dynamic head at bead at
rate head low level high level
(gpm) (ft) (ft) (ft)

500 96 61.47 41.47
LOOG 58 65.28 45.28
1500 T6 71.17 al.17
2000 60 79.02 oi.02
25000 36 88.75 68. 7D

P’lot the [low rate against the pump and system heads.

100 - pump head

= system head,
90 low level
g 9T
= 70 L system head,
@ high level
£ B0
20 -
40 +
30 | | | | | |
0 500 1000 1500 2000 2500 2000

flow igpm)

The pump operating points are 1650 gpm at 72 f£ and
2000 gpm at 60 ft.

The answer is (D).

208. Siatement II is false. This condition would only
be true if the flows in pipes 3 and 7 were zero. Statement
[T is false. The pressure head at node 2 will be the same
a8 the water surface clevation of 100 ft. Statement T is
trie. Statement IV is true, becanse the algebraic sum
of the energy losses around any loop must be zero.

The answer is (C).

209. The pipe protrudes into the retention pond by
two pipe diamelers. which approximates a reentrant
tube with a coefficient of discharge, Cy, of 0.72. The
discharge from the pipe is

V = CyA,v/2¢h
The [low over the spillway is

Q = 2Ciby/IgII*2

Sel the flow from the pipe equal to Lhe flow from the
spillway. and solve for the head.

H=h—2511
CuAoy/2gh = 20 b/29(h — 2.5 1L)*/?

2 .
(0.72) (““ f':} ) V/2gh = (3;) (0.62)(4 ft)\/29

x (h - 2.5 ft)%?

vh

h o mpr - A

Solve by iteration or a calculator solver function.

h==3928 [3.2/1%)

The answer is (C).

210. The maximum daily demand for residential/
comnercial use is

Qe = UPM

U 13 the per capita daily demand. £ is the population,
and M is the demand multiplier.

]
Qress = ( 00 B ) (9000 capita)

capita-day
1 day
1440 min

% {1.8) (
— 2025 gpm

The bre demand for essential service struciures is

fire = 181/ Ap2

Note Lhat the fire How tormula is ewpirical and not
dimensionally consistent. For zone 1, F' is 0.8 for class
4. The zone 1 fire demand is
Quire = (18){0.8)1/20,000 ft2
— 2036 gpm

Rounding to the nearest 250 gpm. the fire demand is
2000 gpm. Check that the fire flow is between 500 gpm
and 6000 gpm for class 3. 4, 5, and 6 structures. 1t is,
so use 2000 gpm. For zone 2, F is 0.6 [or class 5. The
zone 2 fire demand is

Qtirc = “5}(0-6} Vxﬁﬂ;ﬁm ft2
= 2427 gpm

Rounding to the nearcst 250 gpin, the fire demand is
2500 gpm. Check that the fire flow is between 500 gpimn
and 6000 gpm for class 3, 4, 5, and 6 structures. It is,
40 use 2500 gpm. For zone 3, F' is 0.8 for class 3. The
zone 3 fire demand is

Qiire = (18){0.8) /40,800 12
= 2608 gpm
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Rounding to the nearest 250 gpm, the firc demand is
3000 gpm. Check that the fire flow is between 500 and
6000 gpm for class 3, 4, 5, and 6 structures. It is, so
nse 3000 gpm. The fire demand based on structure sep-
arations for zone 1 (25 ft scparation} is 1000 gpm. The
fire demand based on structure separations for zone 2
(40 fi separation) is 750 gpm. The fire demand based
on structure separations for zone 3 {120 & separation)
15 500 gpm. The controlling fire demnand will be the
demand for csseniial service structures. The maximum
daily demands are given in the following table.

maximum daily demand (gpm)

demand i
type zone 1 zone 2 zone 3
residential /

commercial 2025 2025 20025
industrial 80 &) %0
fire 2000 2500) 3000
nAXIimIm 4105 1605 5105

The maximuin demand for all uses is zone 3 with 5105
gpmi. The required delivery capability that best meets
this demand is 5100 gpm.

The answer is (D).

211. The Manning coctlicient. for a concrete channel is
0.013. The area of the channel section is

'
A=
tan 45°
— d*
The hydraulic radius is
d cos45°
e
=1 3032

From the Manning eguation, the normal depth is

Q——-—-AR VS,
ﬁ'd o 149 2 -!,:"-.‘3-
4{1) T ﬂﬂ]&d (0.353d)™*v/0.00 03
d=617 #

Since the normal depth does not equal the actnal depth,
the flow is not uniform. The velocity at the control

structure 1s

3

440 &—

R Q SCL

LT A, T (B2 fi)?
— 14.79 ft /sec

The energy head at the control structure is

B/

V
EI = Dl e ‘_1
24

The hydranlic radius at the control structure is

deos45” (5.2 f£)(0.707)

=1.84 [t

Compute the cnergy head for each 0.2 ft water depth
increment. The velocity for a water depth of D, = 5.1

tt is
3
100 &
R - sec
274, (5Afr)?
= 13.72 ft/sec

The energy head at Dy is

i\ *
E (.3 )
L' Qe
Ea=D;4+-2 =348+

2¢ (2) ( f )
see?

= 8.32 ft

The hvdraulic radius at I} is
deos43® (5.4 ft) cos45°

e 2
1.91 ft

Hs

L

The average velocity between Dy and D is

ft ft
Cvitv _14?9 E‘i"l‘;?f:ﬁ—n
Vave = 2 = 5

= 14.26 [i/scc

The average hydraulic radius between Dy and Do is

Ry + Iy 1.84 ft + 1.91 ft
Bl = D=
2 2
= 1.88 ft
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The average slope of the energy grade line is

2
NVave

()
1.49R%/3

2
(0.013) (14.26 E—)

el S0
{1.49)(1.88 ft)2/3

= 0.00667

The length between D4 and D; is

E,—Ey 860 ft —8.32 ft
S;— S, 0.00667 — 0.003
— 76.3 ft

=

The remaining computations are given in the accompa-
nying table.

The depth at the highway crossing, at a distance of 345
ft upstream from the control structure. is 6.0 ft.

The answer is (C).

212. The net positive suction head available is
NPSHA = h“m -+ h;(,‘} — h.f{_.,} =z hvp

The atmospheric pressure at 5000 ft altitude is 12 psi.
The atmospheric head 1s

Ibf in?
B (12 E) (1*1-‘1 F)

hatm = = T

62.4 ]

~ |3

=271 R

The vapor pressure of water at 90°F is 1.62 ft. The
friction loss in the suction piping is 3.6 ft. The NPSHA
18

Table for Solution 211

NPSHA = 1.3NPSHR
= (1.3)(10.3 f)
= 13.39 ft

The elevation difference is

Boxy = NPSHA - huyn + by + e
— 1339 ft —27.7T H + 3.6 ft 4 1.62 1
=—90%f (—9.0ft)

The pump centerline must be no more than 2 ft above
the water level in the pit.

The answer is (B).

213. For a triangular channcl, the area is

A=Ltph= (1) (V3d)’ =&

The velocity is

Q9
L
Since A = 44,
ftl.'l
20 —
Q _ sec

VU & T B2h)
= 19.53 [t /sec
The hvdraulic depth, Dy,. is the ratio of the area in flow

to the width of the channel at the flnid surface. Since
A = ds and the width for a 90° internal angle 1s 2d,

d? (3.2 ft]-2
Dy = — = ,
2d  (2)(3.2 1)
= L.

AVCTage
hydraulic average hydraulic average change in cumulative
depth, wvelocily, bead, encrgy, radius, velocity. radius, slope, cunergyv,  length, length,
D v v2/2g E R Ve R... Neic AE I B
()  (ft/sec) (1) (ft) (ft) (ft/sec) (L) (fe/ft) (ft) (ft) (ft)
5.2 14.79 3.44 8.60 1.84 - = - - i}
- - - - - 14.26 1.58 0.0U667 0.28 6.3
0.4 13.72 2.92 8.32 1.91 = - — 76
- = - - 13.24 1.95 (0.00545 0.19 i3
5.6 12.76 2:b3 8.13 1.98 - — - 154
- - - 12.33 2.02 {(1.00451 .13 86
0.8 11.89 2.20 8,06 2.05 o == - - 240
- - - 11.50 2.09 (.00375 (.08 106 -
€.() 1111 1.92 7.92 2.12 - — - 346
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The Froude number 15

The Froude number is greater than 1, so the flow is
supercritical.

The answer is (C).

214. The area of the rectangular channel is

A=dw=dw

The hydraulic radius is

A duw
G T
d:1(9 ft)

= 2dy + 9 ft

The normal depth is

4
Q=l QAR_E”\/—

ft* 1.49
530 ; = (UU']) (9 ft )d,
dy (9 ft) )'”” —
8 (2d1+9 ft R
dy = 3.84 ft

The upstream velocity is

3
Q 530 ol
T sec
A (9 ft)(3.84 ft)
= 15.34 ft /sec

The Froude number for a rectangular channel is

ft
15.34 —
sec

TR
\/ (42.2 s&?) (3.84 ft)

= 1.379

The Fronde munber is greater than 1; therefore, the
flow is supercritical.

The downstream depth is

% - (ﬁ+ S(Fr)? — 1)
(3.84&

- ) (,/1 + (8)(1379) — 1)

= 5.81 ft

The downstream flow is subceritical.

The energy loss is

_ {dz—dy)?
AE = 0
(581 ft — 3.84 )3
T {4)(3.84 f)(5.81 ft)
= 0.086 ft  (0.09 i)
The answer is (A).

215, The average discharge from the tank is
_V _6.66 tt°

3 2 sec

= 3.33 ft3 /gec

r
I( Aave T

The peak discharge from the tank is

. ft3 150%
Voobes §088
poak ( g )(mu‘%)

=5 ft* /sec

The area of the throat is

1ft
2
D2 7(f in) (—2 m)

.‘1=-4= 2

= (.196 ft°

The density of mercury is 848.6 Ibm/{t",

The density of

water at B0°F is 62.41 1bm/ ft%. The flow coeficient is

D ‘/@(pm—pw)h
I — 5r
l’pr&ak P

] 0.196 1t®
- 3
g
SeC
: ft. lbm
. 1 ft
X (3 1Ll) (Iﬁ)
a Ibm
\ 62,11 F
=0.911 (0.91)
The answer is (C).
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216. The friciion loss in the pipe s

(2)(2)

Substitute the given head loss of 1.5 ni/km and the pipe
dimensions into the friclion loss eguation.

(1 k) (1000 =) 2

km il
2.5 m 9 (ELBI E)
@) (081 2

Loz mr— }

2 - (.07358

/ﬂ.ﬂ?g 58 m?
f

i

V=

For concrete pipe, ¢ = 1.2 x 107" m. The relative
roughness 1s

= (.000 48

At 10°C, the kinematic viscosity of water is 1.31 x
107% m? /s.
The Revnolds numbor is
D 2.5 mjv
RE — T Cam ——--g-—-u—-- ) HIE
1.31 x 10-% —

=

— (1*903 x 108 Hi) v ]
1

Solve by ileration by substituting an initial estimate of
f=0.02 inte Eq. L

o 0.07358 m?
.02
v =1918 m/s

—_—

Substituling into Eq. IT,

Re — (].9[}8 x 10° %) (1.913 ?)
= 3.66 » 10°

From a Moody diagramn, the iriction factor is

f=0017

Peorlform a second trial with a friction factor of 0.017,

using Fqg. L
. \/ 0.07358 m?
L 0.017
= 2.080 m/s

The revised Reynolds number is

Re = (1.908 x 10° =) (2.08 —)

IIl i

= 3.969 x 10°
From a Moody diagram,

f = 00175

This friction factor matches closely the friction factor
used in the second trial. Therefore,

v =2.08 m/s

The discharge is

w2
r— ,"—llj = %
L= 3 1
:‘(QHS E)ﬂ(2'5 m)*
' 5 4

=102 m" /s (10 wm* /s)

The answer is {4).

217. From a diagram of hydraulic elements of circular
sections for a Manning roughness constant of n = 0.012,
the optimum discharge occurs with the depth of How-to-
diameter ratio, d/ 13, of 0.93. At this ratio, the discharge
ratio 18

4 = }.075

Qy

The optimum depth is 0.93 of the diameter of the pipe.
When critical velocity occurs at optimum depth, the
discharge is a maximum for the available energy. Op-
timnim discharge is, therefore, obtained by making the
critical depth the same as the optimum depth. For a 24
in pipe, the critical depth is

d. = 0.937)
1 ft.
= {0.93)(24 i
(0.93)(24 in) (12 '111)
= 1.86 ft

From the hydraulic elements diagram [or /1 = 0.93.

A
— =096
A
H
=117
Ry
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The arca i1s

o owm(2Am)? £ 1R\
A = (0.96) , (12 :m)

= 3.0 ft*

The full hydraulic radins is

The hydrautic radius at critical depth is

R

— = 1.17
Reun

- (0.5 ft)(1.17)
— (1.585 ft

The critical slope cau be [ound from the Manning equa-

1 101,
s~ ()
T\ 1.486.AR2/7

£t :
('m ___) (0.012)
SeC

(1.486)(3.02 £t2)(0.585 f1)3/3

= 0.013 ft/f

The answer is (B).

218. The total upstreamn head is

;2 e
B i e 0 e R e e

ey

—= 7.2 ft

The discharge is

= bmv/—y’H + Wa

- (2 (2 ftnu.ﬁuai\/ (2) (3'3-2 % )

" 755 I
V7.55 fi + (0.624)(2 ft)
= 49.27 t3 /sec

The depth of flow at the vena rontracta (jet) is given by
H; = ¥a = (0.624)(2 ft)
= 1.248 {t

The velocity is

3
(49 27 ﬂ—)
b1 e 8

@ _
A (1.248 ft){(2 ft)
19.74 ft/sec (20 it/sec)

V=

The answer is (D).

219. The density of water at 60°F is 62.37 lhm/ft>.
The density of gasoline is

pgﬂ.ﬁ = S'Gpwnl.ur

1’nm

The compressibility of gasoline at 60°F is

1.0 x 10-°
psi

3=

The bulk modulus is the reciprocal of compressibility.
and for gasoline it is

| 1
E. . —=_—= -
wETTE 1Rt

psi

=1 x 10" psi

The effective bulk modulus of clasticity of the pipe and
the gasoline is

E— EHHH tpipEEpipe
fpipﬂEPiPH + D IlipeEsﬂb

T S &
(1 « 10 mi) (0.25 in) (12 in)
(zq x 108 11.-.£)
111

{0.25 m]( 1211 ) (29 % 10° E)

12 n n<

1fi 5 1bf
+ (8 in) (121“) (1 x 10 11]2)

= 90.06 x 10° 1bf/in”
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The speed of sound in the pipe is

Eg.
tEa=
{
Ibt i\ 2 ft-1bm
0006 x 103 — } [ 12 — b
B ( o el in'ﬁ)( ft) ( lhf-se-::‘!)
o Ibm
A9.0( —

2893 tt/sce

The pressure increase is

lb it ft
 {49.90 =Z2) [ 2893 10
pav fts S0 S0
Hre "

G ft-1hm in?
322 —— | {144 —
( lbf-sec':“') ( ft.*")

=313 IhE fin®

(Check that the closure ig rapid for [ull developmoent of
the pressure surge. The maximum Lime for the pressure
wave to return iS

2L (2)(2500 ft)

e

i
& 2083

— 1.676 sec

S

The valve closes before the wave retnrns, so the maxi-
mum pressure of 311.3 Ibf/in? (310 psi) is developed.

The answer is (D).

220. Since depth and veloaty are inversely propor-
tional, the velocity can be scaled down from the point
of minimum depth.

‘»"ﬂdg = "‘f’ldl
ft
(62 —) (4.08 ft) = v (4.57 ft)
sec
vy = 55.35 ft/sec
The deplhs immediately before and alter a hydraulic

Jump are the conjugate depths, d;, and do. One can be
calculated From the other.

[fl E‘V%dl -‘_f‘f
fy = ——— L
tho 5 + g e 1
_ 4.57 I
a 2
o) (5535 £ (4570
; | gec " (457 #)2
: - i
\ . .
N

I

27.20 ft (27 ft)

The answer is (D).

221%. Use a double-mass analysis to test the consisten-
oy of the record at station C with the gronp of surround-
ing stations. ol the accumulated annual precipitation
of station C against the concurrent accounulated annual
precipitation of the surrounding stations as shown in the
following table and graph.

station C adjaocent 10 stalions

(9 TP

annal curnulative annnal cumilative

precipitation precipitation precipitation precipibation

yvear (i) {in) [in} [in}
1650 0 — 0
1651 25.0 25.0 30.0 30.0
1952 24.6 49.8 31.2 61.2
1953 6.3 75.9 20.7 0.9
1954 25.7 101.6 30.5 121.4
1955 24.3 125.9 28.7 150.1
1956 25.9 151.8 31.3 181.4
1957 27.3 179.1 30.6 212.0
1958 24.5 203.6 29.9 241.9
1959 23.9 227.5 20.% 971.7
1960 22.5 250.0 28,3 300.0
1961 30.0 280.0 20.0 320.0
1062 3.2 3112 21.2 341 .2
1963 26.8 341.0 19.8 361.1
1964 30.5 371.5 20.5 981 .6
1065 28.5 400.0 18.4 AD0.0

500
jE 400 |-
5o
S £
g0 300f
.E E 1960
= h 200F
25
=
8 100}

| | | | H

100 200 300 400 a00

accumulated precipitation
for 10 stations {in)

The curve connects points that represent. the data vears.
There 15 a significant break in the slope of the accumu-
lated precipitation after 1964} at siation C compared to
the 10 stations. The data from station C cannot he
used to characterize the storm without adjustment.

The answer is (B).
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222. The normal annnal precipitation of station D rel-
ative to stations A. B, and Cis

station A 40.5 in
station D 50.3 in
— ().805
station B 32.8 in
station D~ 50.3 in
= .652
station € 60.7 in
station D~ 50.3 in
=207

The normal annual precipitation of station D, which is
missing a valuce for Storin Alpha precipitation, varies by
more than 10% from the other stations. The normal-
ratio method, which applies if the precipitation differ-
ence hetween locations is more than 10%. can be used to
estimate the unknown precipitation at station D. The
missing Stormz Alpha precipitation is

1 N, N N
P_,- = E 3 T 3 T:- J”-,
3 ((:'})“‘ ¥ (NB) b E (f‘f‘c) L)

f (50'3 i“) (3.20 in) ]

40.5 in

508 iy :
: ; (32.8 in) (2.70 in)

50.3 ;
+ (“ .l“) (3.90 in) }
-1 1N

I
:""_-"“m
wi | =
l"""----.-_--"""

=y
o
-]

= 3.78 in

The averuge precipilation over the watcershed is

Hﬁﬂg_ﬂ; + FpAp + Podc + PDAI__'J_
Apx + An+ A+ Ap
{ (3.200 in} {2000 ac)

+ {2.70 in) (2500 ac)
+ (3.9 in) {2800 ac)

4378 in) (2400 ac)
T 2000 ac + 2500 ac + 2800 ac + 2400 ac
=1

f :awg =

The rainfall intensity iy

Fovg (341 in min
S (51'1.]51[) (ﬁﬁ hr)

=3.59 in/hr

From Lhe given intensity-duration-frequency curve, the
return frequency is most nearly 30 yr.

The answer is (D).

223. Statement Il is false. The time of concentration
is not used to construct a unit hydrograph.

Statement V is false. The rational method is not used
for durations of storms that are multiples of the storm
duration for which a unit hydrograph is available,

Statements I, 111, and IV are true.

The answer is (B).

224. The Doorenbos and Pruitl vapor transport coef-
ficient is i
B = 0.0027 (1 x —)
T 100

u is the 24 hr wind run in km/d.

km

260 -—

; d
B = (0.002 —_—
(0.0027) | 1+ 100

= (L.009 72 mm/d-Pa

The saturated vapor pressurc of water vapor over lig-
uid water at 20°C, e,,, is 2.338 kPa. or 2338 Pa. The
relative humidity, Ry, is 30%, or 1).30.

E:a. = R};Ea&
— (0.30)(2338 Pa)
= 7014 Pa

The evaporation rate from aerodynamic vapor trans-
port is

Fe = B(ﬁu.-. - E‘ﬂ_}

. mm
- (U.uug 2 =

= 15.91 mm/d

) (2338 Pa — 701.4 Pa)

The latent heat of vaporization is

iy

2500 — 2.36T
2500 — (2.36)(20°C)
24528 kJ /ke

The density of water at 20°C is 998.23 kg/m®. The
evaporation rale from radiation is

R,
Euﬂm

) (250 EE) (1(13 %) (35404} i)

- kJ J . ke
) iﬁ — —— = ———
(3.152 , kg) (mm m) (993 23 mg)

= &.82 mm/d

E, =
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The evapotranspiration for the reference erop is the
sum of the radiation evaporation rate. multiplied by its
woighting factor, and the vapor trauspori evaporation
rate. multiplied by its weighting factor.

A F. -

= (0.1 (8.82 —) +(0.3) (1591 =)

= 1{.95 mm/d

-E'Lr e

K,

The evapotranspiration for the alfalla is
EJ: == kskcﬁtr
= (0.80)(0.35) (10.95 =" )

)
=3.07 m/d (3 mm/d)

The answer is (B).

225. The cumulzative infiltration depth is

vV 120’
A 6 in?
;i

=

The cumnulative infiltration depth is & functicn of the
soill suction potential and the hyvdraulic conduclivity.
The sorptivity is

2 in

\/(2{} mln) (1 hr)

6() min

= 3.464 mfm

The cumnlative mhliration depth is

F =8Vt+ Kt
(o ) 1 E)

=446 in (4.0 in)
The answer is (B).

226. Delermine the intemsity of precipitation for each
subduration and arrange them in descending order. The
intensity for the 1.9 em rainfall deplh lor 5 min dura-

tion is
1.9 ¢m () min)
s =g S —_—
3 min 1 h

= 22.8 cm/h

The probability is

m

A

B

m is the order number, and N is the number of yvears.

m
10 yr + 1 yr
i

LT yr

=

—
==

The calewlations for the 5 min and 20 min durations are
given in the following table.

5 min duration

ardey

depth  intensity  munber,

(em}  {em/h) ) probability
1.9 22.8 | 0.9
1.3 21.6 2 0.18
1.5 18.0 3 0.27
1.3 15.6 4 .36
1.2 14.4 D (.45
1.2 14.4 6 .55
1.0 12.0 i 064
0.9 10.8 R 0.73
0.8 9.6 9 0.82
.7 84 10 0.91

20 min duration

order
depth intensity number,

(cm)  (em/h) il probability
3.2 0.6 1 (.09
a.1 9.3 2 018
2.9 8.7 3 0.27
2.8 8.4 1 0.36
2.6 7.8 5 .45
2.5 7.9 6 hLab
24 1.2 7 064
2.4 .2 8 .73
2.3 6.9 9 (.82
2.1 6.3 10 (.91

Determine the probability of the 2-yr and 10-y1 return
period.

1
P = —
..III
1
Py e = —— = (1.5
w— Sy (1.5
l- —2 M|
L0=vy J.”}'T.-
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The inteusity for the 2-yr (4 = 0.53) return period
for the 5 min subduration is found by interpolation in
the table.

£ ¢ C1IL 0.5 —0.45
s kA T (1;1_4 144 __)
; I h L (E].ﬁﬁ = 0.453)

— - ]_1.1 ﬂl.l.l.r‘h

The intensity for the 10-yT {Pigy, = (L1} reiurn period

for the 5 min subduration is found by interpolation.

cm c 1N (.1 —0.09

228 S0 - (228 S5 - 216 —2) (2
‘ h L " h ({J.laau.[]ﬂ)

="22.67 cm ;‘h

The intensity for the 2-yr ({5 -- 0.5) return period
for the 20 min subduration is [ound by interpolation.

-Tgt_:;ﬂ_(ﬂg_t:rlj T':rt—) 0.5 —0.45
T h S h 0.55 — 0.45

= 7.65 cm/h

The iutensity for the 10-y1 (Plgyr = 0.1) return period
for the 20 win subduration is found by interpolation.

A
:;-~9,GEE—(%"E-@3 )( ﬂw)

h I 0.18 — 0.09
= 9.57 em/h

1'he infensities for the required return periods for each
subdnration are given in the following table.

2-vr relurn  10-yr return
mtensity intensity
subduration (em /) (cua/h)
5 min 14.4 22.67
20) min 7.65 9.57

For a 15 min storm. the 2-y1 intensity for the 2-yr
period 1s

1—144UE—(1 4E-7 65 FE)
h h h
. 13 i — d n 1111)
20 min — 5
= 9.90 cm/h
For the 10-¥r return period,
cm {“m
— 926 ——(2‘?& 2 )
8 Py
. 15 min - H min
20 min — 5 nun
= 13.94 em/h

The percont increasc is

13.94 %’3 ~9.90 %13
= | x 100% = 40.8% (40%)
.60y S
h
The answer is (D).

227. Sheet flow depth and unit width are shown in the
following illustration.

-

The intensity is

i 3 1 ft hr )
hr 12 in 3600 sec

= 30 x 10 ~° it /sce

The slope angle # 1s

§ =tan~' S, = tan~ ' 0.06
= 343"

The kinematic viscosity at 60°F is 1.217 x 107 ft* /sec.
The discharge per unit width is

o = VY
— (l- — f}LgLLﬁﬂ
= (3{] x 10 © —ft— - 0) (150 1) cos 3.437
sec

= 4.5 x 1077 1t fsec-ft

For sheet How with unit width. the hvdranlic radius is

A uy
L w
=%

The Revnolds number is

s Dev N 4 v
173 g
_ Ayv
=
ir
ft
4)t 4.5 x 1072 ,
- ( )( ] ‘ :sec-tt)
= >3
1. 217 30— :
SR
= 1479
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The Revnolds number is less than 2000, so the flow is
laminar. For laminar flow ynder rainfall. the friction
factor increases with rainfall intensity according to the
following equations.

C; = 96 + 10821

in\"*
=96+ (108) (1.3 Ft:)

=

The friction factor is

s Cp 216
~ Re 1479
= (). 146

The depth of sheet How is

o 1/3
y:(f%
85,

((0146} (45:-:10' s )2

sec-ft

1/3

I

\ (3 }(szz i) (0.06)

ser?

= 0.00576 it

The velocity is

e 4
1.5 x 10~ _
e B sec-ft
Yy 0.00576 ft

= ().781 ft/sec (0.80 ft/sec)

The answer is (B).

228. The precipitation at the proposed development
area is

da_,Pr+d5 Pp+d: Po+di
di . +d_, + rff;-= +dj_,

w— n 40 wn g gq 1B
(6.3 mi) (3.2 hr) + (4.2 mi) (413 hr)

+ (5.1 mi)* (2.9 E) 4+ (8.1 mi)® (3_? E)
(6.3 mi)2 + (4.2 mi)? + (5.1 mi)% 4 (8.1 mi)?

.‘I'

P, -

=3.53 in/hr (3.5 in/hr)

The answer is {(B).

229. At steady flow, the discharge can be determined
bv summing the flow in cach section of the channel and
flood plain. Consider the sections as paralle]l flows with
no wetted perimeter between Lhe interface. From a ta-
ble of Manning roughness coefficients, the coetficiouts
for cach section are

channel 0.025
west plain 0.035
cast plain 0.060

I'or the channel, the area 1s

Ar:.hannel == dc!mnnnl'wchannel
— (8 fL)(50 ft)
= 400 ft

The wetted perimetor is

F channel — (dchaunci == dwﬂt.] + Wehannel

+ [dch:mntl F df:ast]
= {8 [l — 2 [i) + 50 ft + (8 ft — 1 ft)
=63 ft

The hydraulic radius is

qd.mmml 404 ﬂ;z

f{cha.mu’.'i -Pth.i nrieh 63 ft
=6.35 ft
The discharge is
1.49 ,
thannrl == T i"l-:'hl-'n'l.'r'u'vl Hchnnncl -Sr:l
. [ S (400 ft°}(6.85 ££)%*0.002
0.025

= 3656 ft* /sec

For the west flood plain. the area is

Ages = (2 £)(300 )
— 600 ft°

The wetted perimeter is

Puest = d'ﬂ-"ﬂit =+ Wyvest
=2 ft + 300 ft
- 302 It

The hydraulic radius is
600 ft°

ot = 309

= 1,99 ft
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The discharge is

Qwesy = (nl ﬂ{;} ) (600 f*)(1.99 ft)*/3/0.002
P tl

—= 1807.3 ft* /sec

For the east Hood plain, the area 13

Acast = {1 T£)(400 ft)

= 401 ft*
The wetted perumetor is
IJﬂﬁHl. = dﬂﬁﬁt + Wanst,
— 1 ft 4+ 400 ft
=401 [t
The hydraulic radius is
400 12
Bome = 51w
= 0.99 ft

The discharge is

/149 " 2/ jn TS
= (ﬂ.{]ﬁﬂ) (400 ££2)(0.99 ft)%/3+/0.002

= 441.3 ft7 /sec

The tolal Bood flow is

Qtuiul = thannel = = me-.:t s Qﬂ:aal
ft3 ft> it
~ 3656 — + 1807.d — +441.3 —
sec [ec sec

= 5905 ft* /sec (6000 [1* /sec)
The answer is (C).

230. Assume Stokes' law applies. The settling veloc-

ity 18
: P EH (Ppan.i{;le — Peater )
Vs.aciual =
18jig.
— Bzgtﬁgpnrticle = 5(;“.”_“1_}
1=z
A-s D ¥y ft_
(;1 p lf} Iﬂ) 32*2 HE‘:E
3 Sec
x (265 1) (Jﬁﬂu E)
N 2 ‘ 2
(18} (1*664 x 103 “_) (12 E)
Sec ft

= 0.71 ft /hr

Check that the Reyuolds number is less than 1.

v D
Re = T
(U-?l E) (4 x 10~ in)
= | hr B
.-~ s i in e
(l.hf‘ﬂ % 10 M) (12 E) (3600 m)
= 0.000395

The Revnolds mumber is less than 1. so Stokes™ law
applics.

If a particle of the maximnm diameter starts at the
water surface, the time required to settle out will be

L I

vE._Eu:‘r..u:a.] ﬂ.?l —

The answer is (D).

231. The declining-growth method of pepulation pro-
jection is

P=P,+ (P, - B)(1—¢c"%)

12, is the base vear population, P, is Lhe saturation pop-
ulation, and At is the future time period in vears. The
future population is
P = 100,000 + (300.000 — 100,000}(1 - E{—-{].ﬂﬂiﬁ_}(-lﬁj}
= 139.496

The current per capita demand is 150 gal/capita-day.
The percent increase in population is

139.496 — 100,000 ,
) B 0% = 30.5%
( 100,000 )Klf.f“ﬁ 39.5%

The future per capita water demand will be

D\ynin = {per capita demand){deeimal increase)

. s oal 100% + {0.1)(39.5%)
i capita-day 100%

= 155.9 gal /capita-day

The future water demand will be
Pistar = (Eﬂpitﬂ'}(Dunitj

= (139,496 capita) (155.9 gal )

capita-day
( I MG
5%
10° gzal

= 21.75 MGD (20 MGD);

The answer is (A).
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232. Caleulate the minimum required design capacity
and compare it to the rated capacity for each unit pro-
cess. The maximumn daily design demand is

L
Qmax day = lvﬁqug ERY '[LE}) (SUU —)

5

= 1200 L/s

200 s clay — (2[}) (12[}0 E)

Qnm;-: | JUSTY PR
=

= 2-]-00 TJ/S

The design capacitics of the unit processes are given in
the table.

design criteria

unit process  design criteria {L/s)

1.25 maximum
hourly demand  1.25 x 2400 = 3000

1.5 maximumn
hourly demand

SCTOCNING

imfuent flow

meter 1.5 x 2400 = 3600

Aush mix 1.25 maximum

daily demand 1,25 x 1200 = 1500

Hoceulation 1.25 maximum

basin daily demand  1.25 x 1200 = 1500
sediimentation 1.5 maximum

basin daily demand 1.5 x 1200 = 1800
hlters 1.0 masamum

daily demnand 1200

eflucot How 1.5 maximum

mcter howrly demand 1.5 x 2400 = 3600
chlorine

contact / 1.5 maximum

clearwell daily demand 1.5 x 1200 = 1800

1.0 maximum
hourly demand

high service

Purps 1.0 x 2400 = 2400

The rated capacity of serecning is

m? 1d i
()= (.'HJUU(]U -d—) (Hﬁi{ll} 5) (lUl]l]' E)

= 3472 L/s

The rated capacity of the inlluent How meter is

mY 1k 1 min L
141401 ; 1000 —
( h )(ﬁ(}min)(ﬁi}s )( m3)

— 4000 L /s

@

The rated capacity ol Hash mix is

| al | [F 1 d
— 90X B Htt 2 fir AT ES
o= v (i 58 (sm0 &) ()
= 876 L/s

The rated capacity of the floeculation basin is

ol K 23 I
Q = { 25.000 = m‘”‘) 3.785 —)
min 60 s gal

= 1577 L/s

The rated capacity of the sediinentation basin is

| I h 1 min L
3o 2 l £ Eﬂ_ ] —_— : : T
Q ( x 10 h ) (ﬁ[] min) ( 60 s ) (j e Eﬂl)

= 2103 L/s

The rated capacity of the fillers is

: L I min
W= (-’:’rﬂll}UU Eu-) ( {i[ts)
=833 L/s

The rated capacity of the cfluent flow meter is

oo R 1 k 1 min 1000 L
R (IUUU[] _h_) (ﬁ[} Iuin) (.GU 5 ) ( m*’jm)

=27T78 L /8

The rated capacity of the chlorine contact /elearwell is

3
Q= (m &—) (28.3 L)
sec gal

= 1981 L/s

The rated capacity of the high service pumps is

gal \ f, L 1 min
= [30,000 — } {1 3.785 — | | —-—
© ( ' 1[1'111) (3 % gul) (fi[]' EE{:)

— 1892 L/s

A comparison of design criteria to rated capacities of
the unit processes is given in the followine table.

design  rated
criteria capacity

unit process (L/s) (L/s} OK?
screening 3000 3472 yes
influcnt flow meter 3600 4000 VO
flash rrix 1200 876 1o
flocculation basin 15010) 1577 ves
sedimentation basin 1800 2103 yes
filters 1201 833 no
effluent flow meter 3600 2778 10O
chlorine contact/clearwell 1300 1981 ves
high service pumps 2400 1392 no
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The unit processes that require nupgrading are flash mix,
filters, efllnent flow meter, and high service pumps.

The answer is (D).
233. Ior the [irst subduration, Lthe demand conswnp-
Lion is
D = (design demand rate)(subduration)
3

. (ﬂ@ﬁﬂm %) (7 d)

= 6965 000 m*®

The evaporation/seepage loss is

L = {evaporation/seepage rate)(reservoir area)
1 m . m \?
(30 mm 1 km? (muu —-)
{ ) (lll(lll mlu) { ) km
= 120000 m°

The inflow volume is

I = (average inflow rate)(subduration)
m?
— (IZU 000 —d—) (7 d)
- 840000 m”
average evaporation/
inflow inflow seepage
subduration rale volume rato
(d) (Mm®/d)  (Mm?) (o)
T ().120 ().840) al)
30 0.150 4.500 120
60 (0.180 10.800 250
120 {1.240 28.800 500
180 0.560  100.800 780
365 1.80G0 657.000 1600
EVADPOT-

ation/  design  design
subdur-  seepape  demand demand required
ation  volume  rate volume  storage

(d) (M3} (Mum®)  (Mm?) {him’i)

7 0.120 0.995 6.965 6.245
30 0.180) 0.990 29.700 25.680
G0 1.000 0.980 58.800) 49.000

120 2.000 0.960  115.200 BR.400

180 3.120 {L940  169.200 71.520

3650 6.400 0.900  328.500 —322.100

The required storage volume can be determined from
a mass balance with respect to the rescrvoir. A vol-
umne basis can be used becanse the density of waler is
essentially constant for Lhese conditions. The required
storage is the demand plus losses minus the inflow. The
nel storage required for the 7 d subduration is

S=D+L-1
_ md md m3
= 6965 000 —F 120000 i — 8410000 =
— 6245000 m*

Caleulations for the other subdurations are given in
the table. The largest storage volume of the subdura-
tions analyzed is 88 400000 m® (88 Mm?) for the 120 d
sihduration, which will contain the smaller voluwes of
other subdurations.

The answer is (D).

234. Statements I and IV are true.

Statement II is false. Hydrolytic reactions are nof in-
volved with cationic polymers. but such reactions are
involved with anionic polymers.

Staterment 111 is false. The pH is very important in maost
coggulant reactions.

Statement V is false. The detention time of in-line static
mixers varies with the flow through the mixer.

The answer is (A).

235. The volume of water treated is

V = Ot

4 .
g oy B3 (864[]{1 i) 1000 2
8 y m*

= 172.8 x 10° L/d

The mass of alum sludge is

Mum — QC (cfficiency)

= (1?23 % 10° %) (12 e ‘i'"i‘i)

L

1 kg kg alum Hludge)
b e R 3 . - :
(mﬂ mg) (D 4 ke alum dose

% (0.96)
= 915.7 kg/d alum sludge

The eguivalent concentration of TSS removed is
ATSS = ANTU'*
= (5 NTU — 1 NTU)
= 5.28 mg/L

PROFESSIONAL PUBLICATIONS, INC.
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The mass of I'SS removed is
mrsy = QC(efficieney)

hL 1 kg ” mg
(1:28:{1ﬁ e (528 72)

% (0.96)
= 8759 kg/d

The mass of clay removed is

ey = QC (cfficiency)

s LY { I kg ., HE
(1?2*3:{111 : (mﬁ 2 (35°)

x (1.L96)
= 497.7 kg /d

The total mass of sludge generated following sedimen-
tation is

Mxluidge = Malgm + Myss + Mclay

v k
— 9157 X8 L ar5.0 K& | 4977 X8
d d d

= 22893 kg/d (2300 kg/d)
The answer is (B).

236. Use the settling curves to determine the percent
solids remaoval for the detention time associated with the
midpoint between the curves. The 20% removal curve
intersects the r-axis at 24 min.

The overflow rate is
_ settling dr—*pth

settling time

L0 1, min o
- (24 ILliIl) ( b d'ﬁ) (;_48 &_5)

= 4188 gal/day-ft?

3

The detention time in hours is

, | hr
t = (24 min) (GU min)
= (.40 hr

Projeet a line vertically from 24 min. The point midway
hetween 20% and 307 removal (25%) corresponds to a
depth of 6.4 ft. Similarly, the depths corresponding
to other removal percentages for 0.4 hr detention are
shown in the following table.

solids removal depth
(%) (ft)
25 .4
35 3.8
15 2.8
55 2.4
65 2.0
T 1.7

The total percent removed for a delention time of
0.4 hr i
R, = pereent removal {or detention time
depth at midpoint
(_E;ﬁt-a_l depth )

¥ (increment of percent removal)
: 6.4 ft
- 207+ (35 4

) (40% — 30%)

) (30% — 20%)

) (30% — 40%)

m,_.
r.r-r

b

(60%  50%)

t"h-rr—l.

_t

X
(2
(42
(o oo
) o

""*:1-'-1*'—-::'

= 33,1%

Calculations for the other removals and detention times
are given in the following table.

detention overflow solids
time rate reroval
(hr) (zal /day-1t2) {7}

0.40 4488 39.1
.63 2835 D2.9
U.87 2071 63.7
1.07 1683 0.4
1.0 1381 .0
1.57 1146 791

For 7hY% removal, the required detention time is 1.3 hr
and the overflow rate (OFR) is 1380 gal /day-[1° (scale-
up lactor is 1.0).

The required arca is

__Q
4= o

1.5 % 105 g2}
day

val
day-ft?
= 1087 ft2

- /B

B \/’{4}{11137 i2)

1380

The diameter is

=372t (37 ft)
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The required depth is

Ot
=
: g 83l . (1 day 1 ft3
('I 0 % 10 ﬂa-ﬁ{)m(l.g hr ) (24 hr) (T.sliii =
B 1087 ft?
0.99 It (10 ft)
The answer is {B).

237. Since cach laver is uniform, the weisht fraction
of each layer 1s 1. and all particles in Lhe layer have the
same diamscter. The head loss can be found from the
Rose equalion. Sum the head loss from the individual
layers to [lud the total head loss. The kinematic viscos-
ity at 10°C is 1.371 x 107% in* /5. The approach velocity
is the filtration rate as veloeily.

T __L 1m?
A 1000 .

= 0.00MS m/s

For the sand layer. the Revoclds number is

ddv,
Re = :

4

I m 1
sl ™ (0.0045 -)
e s (Iﬂ{l[} mm) 8

2
11

1.371 x 10 ©

8

— 2.626

Using the equalion developed by T.R. Camp to describe
drag on spheres. For a Revnolds number greater than
1 but less than 10,000, the drag coetficient is

M, 2
Re v R

24 I3
— + — = +().31
2.626 /2626

—= T3

C'p + (.34

Using the Rose equation for stratificd beds with uniform
porosity, the head loss in the sand layer is

e = (Mt | D2

1) 15 the depth of weight fraction, and # is the weight
fraction of particles (1 [or uniform layer).

| T
1067} 280 . —
(1.067}(280 mm) (]Uf}l] [EII[])

=

X ({}.Dﬂ-ﬂi 5"‘)2{11.33}{1)

frr

{((1.8) (9-81 ;—2) (0.50)*(1.0 mun) (
(0.140 m)

1m
1000 mm
= ().1397

For the garnet layer, the Revnolds number is

: 1 m m
- {D,E}fﬂ.m min ) (lﬂﬂﬂ nlm) (U.UU-'lﬁ -:)
" =t - .}

1.371 x 10-6 =

=

= 1.05

For a4 Revnolds number greater Lthan 1 but less than
10,000, the drag cocfficient is

21 3
- : 0.34
P=1o5" Jios |
— 96.12

The head loss in the garnet layer is

I
1.067)(100
] mm](lﬁ(}ﬂ mm)

, % ([i.i}[l—ﬁ ?)2{25.12]{1)
- :

(0.8) (9.31 E.) (0.55)%(0.40 mun) ( ..}[:[Eﬂu)

g2

= 01965 m  (0.20 m)

The total head loss is

Z hey =014 m+0.20 m =10.34 m

The answer is (D).

238. The total volume of water to be disinfected is

L 1 MI.
vV =11 S0 e
(1000 m )(mn m:i) (mﬁ L)

= 1 M,

The mass of water to be treated is

AR e L\ ke
Megmier = (1 ML) (w ML) (1 [__)
o

g\ ({1Gg
(10w 5) (i)

:]Gg

The mass of hypochlorite required is

Mihypo = Mayurer Ch"" 3

0.5 kg OCI 1 kg solution
= (1 Gg) :
100 kg solution 0.7 kg OCI

1 Gg g B ( 1 kg )
; (luﬂ g) (m (lg) 1000 g

= 7143 kg (7000 kg)

The answer is (D).
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239. Statements 1, I, and V are truc.

Statement 11 is false. Enforecment of primary standards
by states is mandatory.

Statement LV iy fulse. The MCL for turbidity is 0.5
NTU in a maximum of 5% of monthly samples.

Statement VI is false. Microbiological confamination
shall not exceed 5% positive samples.

The answer is (C).

240. Tle log-log relationship is

mF=mlnt+ %

Fis the flux in wal/day-fi*. = is the slope of the line,
and & is the constant. Solve for the slope.

_ In242-1n70
" In 10 — In 10,000
= —(.18

m

Check for the next increment.

n7.0 6.2
y - .
T 010,000 = 1 20,000
— —0).18

Solve for the constant.

A=In7.0+0.181n 10,000
= 3.60

The equation is

InF — -0.18Int = 3.60

At 2 yr, flux is

InF =—0.18k ((2 yr) (365 fl‘i*’f') (24 e ))
yr day

-+ 3.60
= 1.841
F =" — 6.30 gal/ft>-day

At 3 yr. flux is

InF = —0.181n ((3 yr) (35:—1 d"‘}r) (34 E))
¥I day
+ 3.60
= 1.908

F=¢e"™8 = 586 gal/ft2-day

The percent reduction is

gal gal
6.30 - —5.86 —
Y reduction = ft*day - ft=-day
o I e
[1°-day
< 100%

= 6.98% [?E’f}

The answer is (B).
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