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Preface and Acknowledgments

This Civil Rnginecl"ing Samplr E:mminaiiun relleds
the chang" to a "breadth and depth" (B&D) format by
the Kalional Council of Exa,miners for Engineering and
Surveying (:"ICEES). :\lCEES developed this new B&D
format in order to reduce variatiom in the pa.<;sing per­
cpntng-c from exam administration to exam administra­
t.ion, a.s well Ii." to speed up, simplify, and economize
the grading and reporting processes. Another bellf~fit,

to both NCEES aml the staLe boards, is the reduction
or elimination of costly, tinlO-conslIIIliug appeals.

The n&n format nshcred in sevcml changes to the
PE exam that have h(~cn painful for examinees. The
first chan;.';c Wa;l that all problems on the exam bermnc
multiple choir(~. Lon?; gone arc the free-response essays
in which yon could I';et partial credit bascd on a cor­
rect method. This is a blessing" iu somc problems, since
all of thc simplifyiug a.."lsumptions ami required data
must be provided. However, recent. administrar.ions of
thc R&D exam have dcmouslrat.ed that some multiple­
choic(~ problems arc more difficult and time consuming
than the corresponding free-response problems.

The second change incorporated into the new format.
is t]le "nO-cflOiee" aspect. The morning lJI'eadlh ses­
SiOB consists of a wide-ranging collection of 40 problems,
with no selection possible. Tt> receive full credit for the
morning, some f'xpertisf~ in all of the subject categories
(structural Cl.nd nonstruetmal) is required. This makes
the exam mOI'e difficult than wheu examinees could pick
4 prohkrns out of 10, a.'i the abamloned format allowed.

Finally, the n&D format allows you to select (wit.h­
out regmd to your actual area of expertise) one of sev­
eral speeialty c:J.tegorips in thc afternoon depth session:
st.rnctnres, transportation, water re::;ourees, envirol)­
mental, and geohechnical. Although there is some over­
bp of problems among these categories, .yOll will be a.ble
to work mostly in an area of expertise. The benefit.
of the privilege, however, is partially offset by the fact
that the afternoon session is also no choice, with no se­
lection of problems possible after you have chosen Y011r
specialty.

\Ve do a drill in compet.itive Cloceer t.raining that is ba­
sically an endless series of sprints and rests. The play­
ers call this drill, "choke a.nd puke." Tong;uc-in-cheek,
1 havc g-iven thi::; sample exam the ::;aTlle T1t\me. You

are now reading the choke-and-puke edition of the Civil
Rngineering Sample Rxam.

This is not thc first sample exam I have written for
civil cngine(~rs, but this book is so significantly npdated
from my carlier sample f'x:J.ms that it ]las received a new
title, and it i::; starting out as edition 1. This publieation
mimics the actual civil eng-inecring; PE liccnsing exam
as closely in format., depth, and variety of que::;tioI1':i as
an.y exam ever published by Professional Publications.
Thercin is thc difficulty. This is A. very difficult samplf'
exam. It. will make you \vant. to choke awl puke. So
before you get discouraged from eight hours of working
\.his sample exam, I wanted (.0 clarify s.:)rne items:

• Although yon only get six minutes per problem on
the rf'al exam, you'll need more t.han six minutes
for many of those problems. The same is true with
this sample exam. Some of the problems in this
sample exmll are, to be hOJl(';!;t, 1.1- to 20-Ininutc
problems.

• However, there are also a number of 30-seconcL
nonqualltitative quc'l:itions. They are difficult, but
if you kno\\'" t.he subject material, they'll only take
you the time needed to read through them. If you
don't know the subject, well, ...choke and pukc ...
)'Oll '111w £iniously leafing through some of the rcf~

erences you have brought with you.

• The breadth of actual exam topic::; is intimidating.
The kuowledgc you'Illlced to complete this sam.ple
exam will take you far afield from what is in any
single book in your library. Even t.he fabled Civil
l:'nyineering Hefn'ence MaT/ual isn't going to make
up for a lack of experience in the afternoon portion
of the exam. Nothing can.

• Luckily, you don't need to score 100%, 90%, ()J'

probCl.blyeven 80% on the exam to pass. Take so­
lacc in knowing that you can get a bunch of the
questions wrong. Nobody outside of exam a.dmin­
istration is supposed. to know what the required
raw pa&<;ing: score is (it's probably lower than you
would thiuk), but it's just good to know that the
score is attainable by normal gc'Cky peoplL~you

don't need to be an idiot S1\.w\nt.

Engin€€ring economics is a subject that cOlltinues to
appear, here and therf', oncf' in a \vhile. Although the
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subject h&; bt.'C!l f'JiminataJ. from almn'll 1l.11 of NeLLS'
PE exam outlines. :-J"CEES all(Jw~ that. "some problem.'l
will cont.ain a....pt.'Cts of eUf,'ineerillg uconomics. ~- So, fl.1­
though the days are gone when an p.xaroinef' had to cx­
hibit, the knowkdge of a la.x aet..'OUlItMt, it is still opeu
S('Ason for such prohlcms.

III writing this edition, I made severa! style ~nd formal­
tin~ decisions with whirh yOll might not ngree. T used
the same varill.Ll\~ symbols as in tho Civil Enqineering
Hf!err.rlcc Momial. whidl was modeled after t.he original
sourec documents (codes fwd standards).

Anot.her decL'iion involves the uUlllh~~rof significant dig­
its woo in the ROlutions. The mles for significant dip;it,'l
are well known; allswers cailllot hf' any morc pn.'Cbc
than the IUO!lt. imprecise paramckr. Field practice of­
t(>n uses even fuwIlr significant digits thlln would be jus­
tifirrl by the given dnta, in recognition of the many un­
knowns and. ::w-.'1tmptiOllS incorpomt.ld int.o tbe soluLioll.
nut exam review is not field v.-ork. For (.his publication,
I assumed you would be using a olkulator and ,."Quld
want to compare thi::; book's solutions wit.h the diKit~'"l

appr.aring in your calc.ulator. 1 abu assumed t,hat you
would retain intermediate all::'fw\~rs in your calculator's
memory, mt!J(~r t.llan entd' Ilt~W numbers that yOIl al­
ready rounded. 8(:cause of tJlC~ assumptions, most of
the results are print.Pd with mure significant digits tll,lll
t:an be justified. This is intentional: you'll be able to
sec if you're doing it the right \\'U)'.

Auother decisiou lu~d to do WIth "he unit... used in the
sulntions. I llS(-tl common field wlits wherever pOSSible,
lmt not everywbere. As much as possihlp, r h,l\,e lriel.l
to be consisteut within this pubHcatioll. Therefore, I
I!ave not u.'w.<I <':kips" in one place allu "k" in anot.hl'ir
to mean the saI11C thinI';: "1000 pOllllds." Still, one
question might be: solved using "hi," while another is
solved with "psi." It all depends on tim context,.

In keepIng with a persol.lal prdl~rcnce, I was ~tril:t in
differelitiatiug hetweeu weight and m3SS, Tlml;, th(~

units "Ib£" and "Ibm" are iliffcJ'mtiated throughont, 111­
thoUJ{h "Ih- i~ good euough for most civil cngillo:'ring
work. Similarly, I differentiated mass uell~ity (p) from
specific \\1:ip;ht h). even tholllVl the good~ld "pcf' is
comfort.ably iudist.inct in it.s meuning.

Whcn writing alld !'(lIving the mU'lI(:Wll~ metric ques­
tion."l in this Look, I used ani;:.' sttLlIdard SI units. For
(lxample, you wun't find any "kiJugnun-fnrce" units ill
this book, even though they might. still be ill m;c ill
uther conntries. The SI system u:.e~ thc kilogram as 0.

unit of mass, never Ill; weight or fon,'e.

All of the problems ill thi:" sample eX8.lUilmbon aTe in­
dependent, NCEES makes an atkmpt to "decouple"
problems from prc:vions results. For c.,,<ample, if ques­
tion 1 asks, "What Lc; the coefficicnt of active earth

PROFESSIONAL PU.LICATIONS. IIIC.

pre;;.,;Uf'('·?-. then que",ion 1: \'oill often be phraM:d. -As­
suuung rhl:' e-~ffici('m of ~(,li\'l? ean-II pl''l-~nn: i!'> U.:JO.
whal L~ thl? acti\'t' forn> on thl:' wall'!" In thL.. IIll:lllDer:
you still have a t:han("(' on question 2 even if you get
queblioD I \'oTong:. That·;;: !!:ood.

And b<.\d. to ,:orne prvbll'lll ~T$. Ihis deroupliI4/; n::mlt.1;
ill ~·ou h<.\\·illg to rti'peal prl',ions steps ""ill! lh~ m:w SI~t

of gi\'en daHl f(,l' each "'Ilb,;pquent problem. Although
some eXHIllinN':" han' complaillE'd about the additionAl
workload ami nm being ablt· ro use the interim r(::-illlb;
in their ('akullltor stack. waIl~' others are quit~ t:0I11­

fortablp with thi",.

Finally, JUSt u,; Ihf' Cu·ll Engtnurlllg Reference Mm&­
!tal eXI..'(:cds the :;COPf' of the octual lkl'f1.sing eXl'tUI. Ulis
sample tlXam dOt.':> ...0 as well. It·s ahont HfYt, morc diffi­
cult. than t.hp ae-tual exam. It'", =till represent.ative ami
rcali5t.ic, just a tiny hit marl? difficult.

This is a snmple exam. You sLould lISI' it for practit:c,
not. for predktion. Yon .~hould not Ill>(' this cxaminar.ioll
to predict thl' topics on the actual exam, or (lleaven
forbid) 1.0 predkt rour 0,\\,1 performance on f,he ar.tl1al
exam. Ever.',' exam is differf'nt. E\'C'ryonc is different. Ev­
eryone has liift'crent strengths and 1I"l'lIklll'So'WS. P,veryonc
has a djlT~l1:llt kno\yJedgl" base ~11l\1 II different workillK
speed, The pa'Sing Tale- for the PE l'XUlD ha.~ Ilf'ver lH..'Cn
eOllsistent.. So, with each f'xaminee being dilf('rc~llt and
with each 1'1:: ('xam b{'in~ ditferent. it is unlikely that
I vmuld e\"Cr lM~ able to pt.-'rft'ctly malch the rumplexit.y
and level of diflknlty you e--perience, alJ)'way.

1 don't. t.hink aile engineer ill II hundred is goiLl~ t.o be
(:ouct~rnNtwil.h Illy editorial dt'l:isions. How€\·er, I Ull\de
them, and' \\',Illtcxi you to know Rhoul them hO thm. ynll
dord complaln when you see ttl(' real exam is diffcrPllt.

Some of the questions in lhis j'lnhlk<l.t.ioll un: luerit.age
questions dating bt~ck to earlieJ' editiollS. JIoweveJ', I!l()t,t,

of lhe questions are brand new, .\lUlle of the problems
in this publiehtion is all adna.! exam prohl.-:m. The
new problL'lIIs in t.his edition have COIll!' out of my head.
and the hf'MS of ('Qlll'~\guc:<i. bast'<! 011 the examiU/jtiotl
spec-ilication~ publislu:d oy NCEE..'i.

r owe a lmgl' debt to II number of people who kept
thL'l publica.tion nn t.rack with the current l'xnm and
mode-m pra('t.ic.:c.:. James H_ Sheetz. PE, DEE WM re­
spollsible for thl" conlent of all envirolllllt'utul and water
rNQUrCffl prohlcllls. E(hnunrl Medlcy, PhD, PE-, CEG
co-authored t.he majority of t,he geolt:-x:hllical material
along with Pablo F. San~, I'E, tHkinp; over hom Hobert
H. Kim, hISeE, PE,who got ttw geo\.ech ball rollillg.
C. Dale Ouckner, PhD, PE ct)lltinll~ to be l'rofc:i...,imml
Puhlications' "go-to- perSOll for dependable st.Tllet.ural
colltent. 'I'll(: amount of Ill'\\' Stru(;tural problems he
prO\'ided is snl~1.antiaL Maher )"1. :\lumd. PhO au­
thored tb~ tmnsporl.atiou prohlr-ms.



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; Thomruo W.
Schreffler, QEP, PE technically reviewed the environ­
mental and water resources material; Thomruo H. Miller,
PhD, PE covered us for structural; and Edmund Med~

ley, PhD, PE, CEC and Pablo F. Sanz, PE tedmieally
reviewed some of the early geotechnical material before
becoming coauthors.

The sta.ff that converted the technically reviewed, but
raw, manuscript into a publishable work is the best
trained and most proficient that Professional Publica­
tions has ever had. 1lanaged by Sarah Hubbard, Edito­
rial Director, and Cathy Sr.hrott, Production Director,
the following top-drawer individuals have my thanks for
hringin?; this book to life: Sean Sullh-an, Project Editor;
Amy Schwert,man, Illustrator; Miriam Hanes, 'typeset­
ter, and Kate Hayes, Typesetter.

As ill all of my publications, I invite your comments.
If you disagree with a solution, or if you think there is
a better way to do something, please let me know (at
www.ppi2pass.com/erratasubmit) so that I can share
your comments with everyone else.

Michael R. Lindebnrg, PE
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Codes, Handbooks, and References

PPI lists on its wp.hsit{~ the ual.eS of the codes, st.w­
ilardI:>, regula.t.ions, rule! rdcrcuce8 on which I\CEES hl:&.~

l>a.';(.'(1 the current. f'-Jmms. This Civil Enginrerin.q Sam­
ple E-xam is also based on j,his infonllstion, but it is
a lIloving target. As with engineeriJlg practice it.'idf,
where adoptions by statu and local ;'l,gencics often lag
i$8uance by several year.." the NCRES exams are Hot
np.ccs!l.'lrily hu.'>cd on the lTlost current eodUl. The exam
call be years behind lhe most rocent.!y adopteo:l codes,
and mally years b<:hiud the latest codes being published
and distrihut.cd. In wille cases, it may even be impossi­
ble toO find ('Qpi(~s of the uocuments on which the exam
is base<i if they have gone out of print. When this book
""lL'i wrilt.en. the follffil<-ing ,od~ and references wcm
ll!~txl.

Codes

AASHTO: Design of Pallcmtmt Structures, 1993, Amer­
kml AssociaLion of State Highwl~Y aud Transportation
Official.!:!, Washington. DC

AASHTO: floadslde Desigfl. G/fide, 2002, American As­
sociation of State Highway and 'T'ralL"portatioIl Officials,
Washingt.on, DC

AASHTO: Standard Spccifir;o.l'iorUi for Highway Rridge.~,

Sev()nteent.h ed., 2002. American Association of St.ate:
Highway and Transportation Officials, Washington, DC

AASHTO Green Book: Polit:y on GetJmetric Design of
Hi.qhway.9 and Stn'.d~, Fourth ed., English units ver­
~iOIl, 2001, American A!i!;odatioll of Slate Highwa.:.' and
Transportation Offi(:i;J.1s, Washington. DC

ACI 318: Building Code Requirem.ents for S~ctUlui

COfU'f'f'!tc. 2{)02, American ('"oncrete lustitute, Farming­
ton Hills. :'In

ACI 530/ASCE flIntS 402: Huilding Code Rcquire­
ment.. for Mascm1'Y StnlctUI"C... f\inth ed., 2002,
publi::lhcdjointLy by Atuericnn (;UIl<:rctt' lnstitut.e, Amer­
ican Society of Civil l::nginf*>.n;, 1I.Ild The Masonry
Society

ACI 530.I/ASCE 6/TMS 602: Specifications for ,\lfa­
.!I'Ofl.ry Structures, 2002, published jointly by American
Concrete Institute, American Society of Civil Engineers,
and The :Masonry Sodety

AI: The A.~phl.llt Handbook, Manual MS-4, 1989. As­
phalt Instit.ute, College Park, tvlD

AISC/ASD: Manual of Steel ComtNlction, Allowable
Strc,~s Dr.si,qrt, ~inth ed. (without supplement..,), 1989,
American Inst.it.ute of Stud Construction, Inc., Chicago,
IL

.6JSC/LRFD: Manual of S1.cd Construction, Load and
Resistance Factor Dc.•(qn, Third cd., 2001, American
lnstitut.e of Steel Construr,tion, 1m:., Chicago, n,

ASeE: Minimum Design Lood.s fOT Buildings and Other
Structure,~, 2002. AllleriClUl Societ.y of Civil Enginep.rs.
Nl.'W York, NY

HCfI"r 2000: Hi.qhway Capacity Manual 2000, '2000,
Transportation Research 8<Jard/National Research
Council. Washington, DC

!Be; IntematiOlwl lJuildin9 Code, (without supple­
ments), 2003, Tnternational Code Couneil, Falls Church.
VA

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

MUTeD: Mannal of Uniform Traffic Cont1'01 De-vices
fOT Streets and Hi,qhllluys, 2001, U.S. Deparl.nHmt of
TransIX>rtation, Federw Highway Administration,
Washington, DC

NOS: Natiunal Design Specification/or Wood Cnnsl1'Uc­
tioll, (ABO edilion with ASD supplement), 2001, Amer­
iCWl Forest and Paper Association, Washington, DC

peA: Dc.!ign and Control of Concrete MixtuTC.'l. Fbm­
teenth ed., 2002, Porthmd Cement Association, Skokie,
lL

pel: PCI Design Handbook, Fifth cd., 1999, Prt?aJSl.f
Prestressed Concrete Institute, Chieago, lL

l'ROFESSION4L PU.LICATIONS, INC.



Introduction

xi

ABOUT THE PE EXAM

The Cifltf PE Sample fi:xamiuatiou provides the oppor­
tuuil:r lo practice taking lill eiKht--bour lest similar ill

content aut! formal \.0 t.hp. Principk~i and Praet.iee of
Engiuceriug (PF.) eX3mimotio!l in l:ivil cngineeriug. The
civil PE ~x311linatiO\l iN an ..iKht-hmu exam di"'ided into
flo morning ~-.;)on nnrl 1\11 afternoon St'.'8Sion. The IT\(lrn~

ing ~ion i"i known 1\..'1 the "breadth R exam. and the
afl-el'floon :;ession is known 1\Ii the "deplh" exam. 'This
Look contains So s.a.mple hreadth moUule and fi ...-e sample
deplh modules one for ('11<:11 ~mhdiscipLine the I\Cf:ES
tests.

In t,II<; fOllr-llour Illorniug session, the examinee i.., a."ilred
to solve 40 problems from five major civil ellgilleer~

inp; ~mhdb;l'il)lilll~: ellvirolJmenlal (approx::imatdy 20%
of Hw mmlll problems); geol.echnica.l (20%); stnu:tural
(20%); tmllsponolioH (20%); and water n~ourecs (20%).
.\·Ioming ~<;iOll problems an' r;:CDI'l'Hl in nature a.nd
widn-mllgiltg ill scope.

The fout-hour afternoon ~':!iOJl allows t.he examinee
to l;ded a deplh eXfllYI module from one of five :mudis­
cipliu<.;<; (cll~"jrollmentl'l.l, p;P.Ot(~dmi<:al, structural, trans­
portation, and water resources). Each depth module is
made up of 40 prublem;. Aft.eruo()11 ses..sion problems
requil'e more ~p~dali7..ed knowledge thau those ill the
moruing ses<;ioll.

All probkms, from bot.h the I1lUl'IllUg and aftk'rnoon
SC~j6iOllS, al'e lYI1.11t.iplf! ehoil'e. They include a prob­
lem st,flt.('wellt, witb all felJ.uired defining information,

followed by four logkl~l r:huicell. Oul)' one of the four
option.s is corroct. 'fhc prohlem..'! are eompletk'ly inde­
pendent, of <:Hdl Odll'I', so au incorrect choice on olle

problem will I,ol ct\rry over to suhsequ\.'llt. problems"

Thi.<.; hook iJ:I writ.tell ill t.he nlultiplf'--dlOice exam for­
mat institut.oo hy t.he i'\CEES. II rovers all thp same
topic aJ'(~a..'i t.I11ll, llppcm on the e.'i:am, as prO'rided hy
t.he NCEES.

Tupic; l.uJ(J the a.ppro.\ ima-te distribution uf problems on
the JIlonlillg Sl'$..".iOll of the civil PE exam an~ a.<> follows.

Environmental (20%):

• \V~t.p,wat.f'r treaf.ulI:l1t

• 13iolog"v

• Solid/hazardous WfL;;f.1:

• Gwulldll."ilt.er illid well fields

Geotechnical (20%):

• Subsurface exploration and sampling

• Engintx:ring properties of soil;;

• Soil m€Challics analysis

• Shallow fOllndations

• Eart.h rcf.aillillg stnJctun~

St."uctural (20%):

• Loadings

• Analysis

• ~·lecha.llics of materials

• Materials

• Mmnher d~~il',ll

Transportation (20%):

• "Traffic ana-lysis

• Con!'it,rllctioll

• Geometric de>igll

Water Resources (20%):

• Hydraulics

• H~'drology

• Water t.reatmenT.

Topics And thl' hpproximat.f' di."it.rihut.ioll of problems in
thE! fivf' <!(!pt,h modules of the ciyil PE exam afternoon
.!)cssion arc a:oj. follv....:s.

Environmental Module

• EuviroUlllental (65%)

• CP.OU'rlmical (10%)

• Water resources (25%)

Geotechnical Module

• GeotE"Chnical (G5%)

• Environmental (1O%)

PAOf.SSIONAL puaLICATIONS, INC.
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• Structural (20%)

• Transportation (5%)

Structural Module

• Stmctmal (65%)

• Geoteclmiral (25%)

• 'l'nmsportatiuH (HY;:;:,)

Transportation Module

• Tramlport.atioll (65%)

• G('()f.eclmic:al (15%)

• Water resoulX-"C'l (20%)

Water Resources Module

• Wal.er r~nrC('s (65%)

• Environmental (25%)

• Geotce..11Oical (LO%)

Accordin!'; to tLe )l'CEES, (~xa.Ul lJ.llestions rdated to
codps and stfl.nJard,; will be ba.<;"d all eith"l' (1) an in­
krpretatiou of (~ code or ~tniidard that is presented in
the exam hooklet Or (2) a code or standard thal 1\ ('om­
mit.l.ee of lif:cnsec.1 engineers feds minimnlIy compf'tent
c~ngillecrs should know. Code informution requircfl 1.0
:-.ell ....e questions will he oollSi-;tcnt· with the last edition
of t.he (:od(~ issuec.1 before tll(~ year of the ex.am.

For further infonnation and tip~ 011 how to prqJllre
for the c~i"il PE exam, cOllsult the Civil Enginf'£ring
Hcfcreru;e Manuulor Professiollal Publkations' wehsite,
www.ppi2pa.o;s.com.

PROfESSIONAL PUBLICATIONS. INC,

HOW TO USE THIS BOOK

Tj. i:; rcr.omUlt:nded t.lmt you trc.tt this Oook as all cxnm.
Do not read f,he questions ahead of t,ime, and do not
look at t.be 8.uswers lmtil you 'v!' tirushed. As you work
the prohlems, rou may lIse thl' Civil Ell,qineeriug llr.fcr­
cnce 111ar/.tfcJ Arleqlllite prepamt,ioll, nut, an extensi ....e
library, is the key to fmfU"SS. Chock with your st.ll.t,e's
board of enghwming n>!';is\.rl1tioD for any restriction.~.

(The l'PI web:-;itc, www.ppi2pl.t.-;s.eom, lim; a listing of
state boards.)

Prepare for the exam, read the sample exam in,o,1.ruc­
t.iolll; (which simulat(~ t.he Olles you'lI receive from your
exam proc-tor), set a tinter for four hours, illld ta.ke till'
breadth moollie. An.cr a oue-hour hrea.k, turn t.o tllC
depth modll!t~ you will sel<.-.::t duriug the actual exam,
set the timer, and complete thf> simulated afu.:fIloon
sessiOll. Then, dlt.->cl< your anSWf'rs.

After taking th(~ !';ample exam. review your areas of
weakuesH and then take the exruu again, but sin<x: none
of r.he prohlem!> in the book arl' rnpeaLed. sub.'ll.itllt(~ a
different dcpth lllodule, Check your amwcrs, and re;.
lWIl.t the process for each of the depth 1l1'ms. Evaluate
your streJl~,hs and weakuc&les, ami seleet. Il.dditiOlwl
texts to l'>1JppleUlellt your weak <~reas (c_,I';., 1'ml"tice
Pmblelll! for the Gunl En.qineeJi1lg PI-: Exam), CIIi:ck
the PPl wpooite fur the latc>1, in cxam prcparatiolJ rna.­
t<~rials at www.ppi2pRSS.com.

The probl(,lHs in thi", book were writ.t.en to emphasize
thf~ breadtll of the ci"i] cngineeriuR field. Some IImy
seem easy ann some hard. If you arc unable to 3ns­
"';'cr a giveu CJUf'$tiOll, you sJlullld re";ew t.hat topic lltett.

This bouk aSSUlll~ that the hreadtb mooule of the PE
exalH will be murf: academic aud traditional in nature,
and that the depth 1II0d1l1es will require practical, tlon­
numerical knowledge, of the type that couws from ex·
penence.

The problems are gelle-rally !Similar to each other ill dif­
ficulty, yet a few l'Iflinewhat easier problems han' been
included to cxpose}11l1 to less-frequently examimxl to~
les.

The key" to su~ 011 the exam un~ t.o kJlOW thr: basiet;
and t'O pra("tiCl:~ solving a,<; ma.ny problems as possiule.
This book \\,iLl (L".slst you \\,ith both objediv<'S.



Morning Session
Instructions

III I\(:eordance with t.he rules el3tablished by your St3'1;rl,
rOil may use tf!J\,.hooks, haudbook."i, honnd referencp.
materials, and any approved lXttt.ery- ('f solar-powered,
silcut calculator to \vork this examin!~l.ioll. However, no
hlank papers, writing tablets, nnbouod scratch paper,
ur loose notes arc permit.ted. Sufficien.t room for scratrll
work is prO\'irl(~d ill the Examin~ti(l11 Booklet.

You are not p€rmit.kd to share or exdllwge materiaL:;
with other examinees. Hov"c\U, the hook.'i and at·her
re;ollC(:(:S used in this morning session may he dl80ged
prior t.o the afternoon SCSSiOlI.

You will have fou!' hours in which to work this ~essi()l1 of
the examination. Your score will be determined by the
num]wf of qll~tiolJS that you all~wer correctly. Thel'e
is a total of 40 qucstions. All 40 questions must h\~

worked corm::t.ly in order t.o H'f:civc full credit on the
exam. There are no optiona.l questions. Each question
is worth one point.. The ma:'l:imwn possible score for
this ~x:tiou of ~he examinatioll is 4U points.

I'mtial credit. is not available. Ko credit will be given
for methodology, 1I.<;slunptiollS, or work v.'Tittcl! in your
ExamjnatiolJ llookld.

~rord all of yOUl" answf'I"S 011 the Answer Sheet. No
credit will be given for anSW(Tfl marked in the Exam­
ination Hooklet. :\'1ark your auswers with the pencil
provided t{) you. :-'1arks must be dark a.nd must cuw­
plHely fill the uubbles. R(x:ord only 011e an.<;·wer per
question. if yOll mark morc than one answer, you will
not receive credit for the question. If you change a.ll
a.m.-wcr, hc sure the old hubble is erased rtlruplelely:
inoompletc erasures may bc rnisinterpreterl lL" answers.

1£ you finish (:nrly, check your v.'Qrk aud make sure that
you have {oUowt.'(1 all instructions. After eher-king your
answers. you Ulay tum in }'QIU" EXhllliuat.ion Tlcx'lklct
ilild Answer Slu..'(rr, and leave t·hl~ examination room.
Once you leave, you will not he permitted to rd.llTll

to work or chmlll,C your answers.

\Vhen permissinn h~L'l been given by ynnr proctor, breltk
the seal on the Examination Dookkt.. Check th<tt l'lll
pages art' preo;pnt. and legible. ff <tny part of your F,x­
arninatioLl Booklet is mif;.<;ing. your pHldor will issue
)'011 a new Booklet.

1

Do not work any questiullil from the Afternoon SL'~l!iolJ

during the first four houn; of this exam.

WAIT FOR. PERMISSION TO BEGIN

Name; ;-:c::------;::-,,--------;::-;::-::-.,-,
L&6t Firr<t Middk: InitiilJ

Examinee number: _

Examination Booklet lluruber: _

Principles and Practice of
Engineering Examination

Morning Session
Sample Examination

PROFI:SSIONAL PU.LICATIONS, INC.
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1. CD ([) CD ® 11. W ([) CD ® 21. W ® CD ® 31. W ([) CD ®
2. W aD CD ® 12. W ® CD aD 22. W ® CD ® 32. W ® CD ®
3 CD ® CD ® 13. CD ® CD ® 23. W aD CD ® 33. W ® CD ®
4. CD ® © ® 14. W aD CD ® 24. CD ® © ® 34. W ® © ®
5 CD C!D CD C!D 15. CD ® CD C!D 25. CD ® CD ® 35. CD ® CD ®
6 W ([) CD ® 16. W ([) © ® 26. W ([) CD ® 36. CD ® © ®
" W C!D CD ® 17. W aD © ® 27. GD ® CD ® 37. CD ([) CD aD,.
8. CD C!D CD ® 18. CD ® CD ® 28. CD ([) CD ® 38. ® ® ® ®
9. ® ® ® aD 19. ® ® ® ® 29. W ® ® QD 39. m aD CD aD
10 CD ® ® aD 20. CD ([) CD ® 30. W ® ® aD 40. m ® CD aD

PROFE •• IONAL PU.LICATIONS, INC.
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1. A complete-mix activat.ed slnd!1;l: process is used lo
treat 8 fI.·ICD of brewt'fy W(I.'ltcs with l\ COD of 1800
lugJL. The nOllbiodegradable fradion is 110 tugjL
('00. The biodu'llIical reaction b pseudo-first order.
Tht' substrate nt,ili:ta\..ion rl1t.c l:()l).~'t·all\.. based on mixed
liquur volat.ilc sn."vcuded solid" (~lLVSS) is 0.6 Ltg-I. at.
20°C. The desig.u mixed liquor sH.'ipcnded solids (MLSS)
is 2500 mg/L, ulld lhe ~lirl'l an,' 75% vol'ltilc. ActivatP.d
sludge is retllmed direct.ly t.o we reactor for a design ef­
fluent COD of 200 mgjL. The l1:actor volume iJ; Ul05t
lIearly

(A) LOU.nOn t't:1

(n) 400,000 ft:J

(C) ,00,000 fl."
(D) 70(1,000 [(I

2. The desi~l Huw will be 15 :\IGO fOf a Wll..'ltl'­

water lreatrnent plaut lo pTCIl:'l'S.... influt'lll wiT.h a ra.....
SU."l>cIKlecl soli';s contcut of ,')0() nlf!,/L. The larf;ct sns­
pcndl:d solids com:eutmtion is 150 mgjL as t.hc flow
lCllvrti t.he primnry darifier trcabuc.llt. A pilot plaut
ImiS been built y,·itla till' resulr.s ShOWll. Two cylillelrical
clarifier unit.s are Tl.'tluired fOT reliability. Whif"h of tJlC
following rOTll1gllml,IoIlA will satisfy the design nit,crill.
fOl' t;ach unit?

detention period and overflow rate
versus percellt removal

(A) diamet.er of UO ft, e1"pth of 12 ft.
(B) diumder of 70 ft., depth of 6 ft.
(C) diameter of 85 ft, deptl. of 8 ft
(0) diameter of 100 ft, dc:pt.h of 7 ft

3. \Vhich uf t·he followi~ an: <:l.Illlmunicable di.'iCR.SC
~nts that can be transmitted t.hrough water hupply
anel \lrast.cwater7

L Sa{monellu typhi

n. E.~f:hr..rt(;hia coli

111. Giardia /ll.mlJlirI

IV. Spluu:rotilis flatatl$

V. PolioIJ-;ftI-s

V1. Ccriodaplmia Ilubia

\ill. Endamoeba hi.~tolyticn

VUI. Pilllephales promelas

(A) L II, V, VlI
(B) I, III, V, vn
(C) Ill, IV, VI, VnI
(D) V, VI, \TIT, VTIT

4. An iudustl'itll wast.ewaf.(~r is u.~ted for chroni(~ l(lX­
icity, yidding lhe resulr..'i in t.he table for t.he foUowiog
freshwater species.

50 2500- .. =nU~

"E .. cXp<llIure 3un:iv<\l NOEC Lm;C

-'" 2000 X (days) (It) (% effluent) (% diluent)~ E! sp''''''''';
~

-

• P~mephale$• -u •
< 30 1500 ; "...""..,Iu.f 7 00 5.0 '.0
0
'0

~
Cc"'odapltflltl

"• l dulYiu 7 " 2.0 Hj-• 20 '000
~ 0 H<liubow

trollt 7 100 12.0 HI.O
10 ~ dOlontion period iminl 500

HI overflow rate (gpd,ltt2)

'" 50 60 70 80 90

suspended solids removal I""
100

if the dilut.ion in t.be mixing lOne where the wasl.e is dis­
charged i~ 100:1. th~ crilerion continuollli ooncenHll.lion
(CCC) for the tl"tit is most nearly

PROF.SSIGNAL puaLICATIGNS, INC.
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(A) 0,08 ehronic toxicity unit,

(B) 0.20 chrouil: toxidt:v unit
(C) 0.50 chronic toxicity unit.
(D) 1.2 d.Lrollk loxi.f:it)' l.Lllits

5. A freslm'"atcr st.ream exhibit.s the dmracieristics
shown in the following t.ahle. The rffinlt.s wine from
t.hree zones studied during a 30 d period,

condition

p~r(\mcl.<,r zonc I i/:()np 2 rone :{

dil'Wlved (Jxygom 4.5 mg/L 90% s"turation 0.5 mg/L

wal.l,r tempo.:ratnre la"e WOoC 23"C

lOW coliCou/l

(R"OTDHric mean) 400/100 n,L 100/JOO roT. 5000/100 mL

hiochcmical OXYRcn

demand :; rng:/L 1 lUg/L {; nlg/L

SJ>uemtilus Ila/.u7"~ .~Jight ab~€Jlt abnndant

Illidge ]arva~· !ow cl....sity abunillull low dfm~ity

sulfirl<' odoc's ahN<ont aw,nt. pn..~·nt

\Vhic!.L of rhe followiug stat.erI.Ll·I.Lt~" are tl'lW relative to
each hone 3nd the ecolog"v of cbm and polluted witter'!

I, ZOIlf! 1 wOllin be cbarRct.eril.i.od as au oliWJSa.,rohie
WI!(; and wuuld be represe.ub.Ltive of highly J-Itll­
lulc:..d wat.er.

II. Zouo 2 repl'es(:nt,~ relar.ivply clean wat,er and would
be dlL'itiified Il.~ an olig:O:;';-lprohic zone.

i;; n:mlOved by an :'l.ir chumifiel'. The llloi;;ture and clas·
sified material arc renwvlxi priOl' to combm,t.iol.l. if per
capita solin waste generat.ion is 7 Ibm/Jay. the popula­
tion servt:d by the ootid waste fat:ility is lllO<,,"t nearly

(A) 100.000 prop'"
(il) 20U,000 people
(C) 300,000 people
(0) 400,000 people

7. A eommuuity of 25,000 pc'Ople !/;cnerates 8 lblll uf
solid wa,"!t.e per persoll per <.lay, whid.L L"l disposed of ill
a lanUfiU. The landfill's desigu specificatiollS indude an
ill-place density of solid waste of 1200 Ihm/)'<jJ, a. soil
cover ratio of four psrtl'! oolid wa:,1.e to one pan em'er,
and an in-p'acr~ ;;oil deltsity of 130 Ibllljft3 , The tola!
ma;"., of soil required fo1' 1 }'l' of operation is most ll(>lll'ly

(A) 15,000 U,S. tons
(1::1) '15,000 U.S. tons
(e) 35,000 U.S. tons
(D) 4;'),000 U.S. tons

8. A l;ontamillant. plume of I.l'ltracbloroet.hylc.ne llllNI.'S

toward a. river 2 kill away, TIl(' ooeffid(~nt of rdardatiOll
for t()tra.chloJ'octhylone is given in thf> taule.

Ill. Zone 3 represents 3 highly poUut.td watt-r and
'wotl1d ue dassifl\:d ns a po1:rsaprobk zone.

TV. ZO.LIClo> I and 3 are rt:present.at.i .."t' of highly 1'01­
lut<:d water 1.11d wonlrl be classified !i.S mesosll.pro­
hie 7.QneK

travel t.UlIe (Ii)
100
400

>64U

t.:ocfficicllt of retardattou
0.25
0.19
0.17

(A) I, II
(B) TI. lll. IV
(C) II, TIl
(0) III, IV

6. A solid wa.'>l.e facility re<:ovcr!' salable metab. glass,
and ot.ht:r malcrillis from munjcipill solid l\-ast.e. The
reullllnillg ljOIid waste iN incinerat,ro. The f'oml.mbt,ioll
hpat gcncr~te;; st(:~1ll fur t,nrbiI.LCH, which in turn drive
elo(:trical w:neratorf'. The eketrical generation p1<mt.
COlI.'li~t5 of tJ.LfI~ power moJule:-;. f'och cont.fl.ining a fnr­
UilC€, a .st·~am generator. a turbine, and 1m eleet.rit:al
generator, Each powpr module lJurns 180 U.S. tOil:> of
solid waste lUln 190 l;.S. tOWol of sludg<: (>acli day, 7 days
a week.

When rreeiv<."tl hy the decJrical ,e;eneration plant" the
solid wast-c Mllit-aim; 5% moistme awl 15% 1I.Latcml (.hat

PIIOFESSIO"AL PU_LICATIONS. INC.

The depth of the plume is 50 01, and the groundwat.er
elemf.ion is 40 III abmre tl.Ll: river level. TlII; aquifl:r
is predoltlinlltl:!ly day, sand, and gmvel, with a Dmcy
coefficient. of O,lmjd and a porooity of O.2fi. \Vhat. i~

most nearly t.he timl: it will take tLll: cootmlllnaot to
reach the rin:r'!

(A) 4000 l"
(0) 6000 y'
(e) 8000 ,.,
(0) 10,000 y'

9. A gravity retaining wall is holding soil backfill with
t.he propert.ies s.hown. The tot·al ar.tive force .,t'r unit
length of thl,) wall is most nearly
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impermeable bedrock

0.5 m-I J:~~:ill'8\~"'~""~"W.....

• .",-!." , "::"":::,,::,,:.lIndwallf:__ ... ,,..·,

;:g

".,

25.0 m

(Al
(D)
(C)
(D)

"

1.5 X 1O.r. Ill:!js
2.5 X to-1o m:l/s,
1.5 X 10-:1 ml/s
2.,j )( 10-:"1 m\/s

• . .. ,

3.1 m

••

(A) 40 kt'/m
(n) fiO kl\jIII
(el 70 kt'/m
(D) SOkf'j1l1

10. A S3ud fill is spreoo on top of organic silt ill> SLOWLl.

AssUiIlE' dun the fill i::; intillit.(, in extent. At dll' cud of
th€' oon$Oli<latioll pr<)('ess, t.IlC inerccL,;e ill vertical effec­
tive strl"$S flt point Adm: t.o the placemeut of l-he Mnd
lill is moot llct~rly

" ..<,' - -
,.:;;" ," 'sand fill '",

,:-- ..:/'.: .... ~:,:.., ~ 20 kN/m3

(A) 0 k..~/IIl:l

(11) fiO kN/m"l
(el 100 k:J/m'
(D) 120 k..\I/I1l:l

11. An impermeable da.m impollm..ls waL.e1' over a soil
will. propenjes as shown. TIl(: width of the dam across
the watt'r flow il:i 300 111. Thl' <lllllulily of seepage under
tl~ dl:ltn b moot llPArly

1 2. A f,(lllart: fmmOatloll snpports 11 l:OhUlIll load of ROO
kK. The soil hl'lIi'ilth t.hc footing i~ gcm:rally hUllJof,e­
neous. If the foundation bearing pl'f'_,,-'mre from this lORd
is redllced from 400 kP(I. t.o 100 kPn (th(' column 10m}
wmaiu.ing (·ollst.llnt). tlll' dlilllg(' in stress at i.l dl'Jlth of
3 10 helow the fOlllldmioll eeuter will be lllrn.t nearly

(Al (I. decrease in stress of 20 kPa
(il) a deereME' ill str~ of 10 kPa
(C) an inct'es:;€ iu slress of JO kPa
(D) an increase in str€'!'iS of:W kPa

13. A retaining wClH ii; shown. For the given conch..
lions, l.he rAdor of s;;.Jety against overturning is most
nearly

':~"~;19kNJm~
c·'" 0 Fa :

.. : ;,. ;:X;;;;~'::Ad::J.r:::, '-. ­
._ .. _._ -_ ::-~._~9":... -._--.. --- -- -._-­._'''--,"--._-- ._..-_.- --- --. ---- - ._---- ----- - -- ---- _.. _-- _.--- .. -.. --­- --- _.. ---.--

-.. - --.- . ---- - --. --.---

(Al l.3
(Il) 2.3
(C) 2.6
(D) 2.H

PROF.&SIONAL PUBLICATIONS, INC.
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15. '1'1", fC5UIt... from a .:;(>ries of dif(~t. sh'?ar test..s Oil a
saudy soil are shown in t.he table.

510 ft-kips
500 ft..kips
6.')0 ft,.. kips
740 ft-kips

(A)
(Il)
(e)
(D)

rl~
8 kips 8 kips 16 kips

'F==:::::::==~======;1

1-.------=.,-----_
80ft

(A) A-l·G (0)
(Il) A·2-6 (1)
(e) A·2·7 (0)
(0) A·2·7 (1)

17. A simply supported girder spans 80 ft and is sub­
ject.eJ w a set. of three moving wheel load!> with mag­
nitude and spacing as sho....."ll. Whl:lt is most nearly the
ah.<·;olute maximum betiding momellt. <:(l.used by tlw mov­
illg loads?

shear stress
(kPa)

36
lOS
175

normal strf::i.'i
te~.,t nu~nC'be""·, (kPa.)

1- W

2 1&0
3 250

(A) 1.0
(H) l.5
(C) 2.0
(0) 2.5

14. A slope ,..-jt.h the ooil propenies gh'CIl is :>hrlwll.

The coh(':>ivc fk\ctQr of Hafct.y for the l'it,llhility of this
slope is most nearly

The: pl'iw:ipal "trc~es on tlw failure plalw for tt'st 2 are
most Ilearly

(A) iYl = 100 kPa Rnd 03 = 250 kP~

(ll)"l 100 kl'lL lUld 0'3 = 3.'}() kPil
(C)"] 150 kPa ~wd (13 = :190 kPa
{O)"1 1&0 kPa aod if;\ = 490 kP1L

FED

90ft

c•

(Al -90 kips
(Il) -60 kips
(C) -40 kips
(0) -20 kips

,,( / I/!\\ \
• b , d • g

18 kips 18 kips 18 kips

I. ,I
15ft 15ft 15ft 15ft 15ft 15 ft

• •

19. A wHd lUl'\"'iOIlTY column has a cross section mea­
suring 32 in x 32 in. The eolumn is ";lIhjected t.o axial
oolllprcssion fORce of 110 ki~. which includes l.htl \vci~bt.

18. \Vhat is In(h't, neill'ly the compt't'S.'iive t'orce in mem­
ber CD in the tnL'lS showlI, where tension is posili\1.: and
COlUpr<'_'iSiOll is lIegative?

00"''''. . . .
'" ... 0 0

gr<lin diameter (mml

---\ ----~ ------ ------ ------

----- I'\. -- ------ ------ -----

~---- ---- - -- -- --

f------ ---- .

- N - N -o 0 0 0 ~

g g g ~ '"-

­~
~ 80••>

D 80

100

16. Sie"e and hydrometer tt)l;tillg shows that 11 soil has
the follm..-i.ng grain si7,c distribution. 'The material plLSS­

iug I.hrongh a no. 10 sieve ha... a liquid limit of:\4 mid a
ph'itidty index of 13. 'The AASHTO c1assificatiun for
t.hi... soil is

PRO,ESSIOHAL PU8LICATIONS. INC.
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of the column, with an eccentricity of 5 in about one
axis. \Vhat is most nearly the maximum axial COlll­

pre,<;,."ioll stress caused by this loading?

110 kips

v

32 in

MORNING SESSION 7

21. A 14 in x 14 in reinforced concrete column bears
on a square spread footing that is 8.5 ft x 8.5 ft, in
plan, has an overall thickness of 20 in, and is reinforced
with no. '" rebars in each direction. The footing is con­
structed of 3000 psi normll1 weight concrctc in accor­
danc,e with thc ACI 318 specification. The llw,xiIllIllIl
concentric design axial forcp that could be supported
by the footing ba.'Jed on its punching shear rcsistance is
most nearly

(A) 350 kips
(n) 400 kips
(C) 450 kips
(D) 500 kips

22. An eccentrically loaderl connection is made using
high-strength bolts of the same size in the arrang;~ment

shown. Rased on linear elastic theor:;'. the maximum
shcar that occurs in thp fastener ?;roup ca.used bv the
applied forcc is most nearly

(A)
(il)
(C)
(D)

0.2 kipfi/in~

1.3 kips/in2

2.4 kip:;/in2

3.0 kips/in2

36 kips

2 in 5 in 6 in-I I" '1-"=-...

20. A singly reinforced eoncrete beam has the cros.'J
section Hhown. The concrete is normal weight with a
specified cOlTlprcssivc strength of 1000 psi and is rcin
forced with fom no. 10, grade GO rebars. The desig-n
moment strength of the section is mmt nearly

Sin 12in SinI' •1-'~"----'I' .1

18.5 in

M

j • • • .,
2.5 in

four no. 10

C

N • •-
"c • •

M- • ••••0 • ••~•
" ~ • •,
.2

structural plate

(A) 4 kips
(B) 8 kip:>
(C) 10 kip,
(D) 20 kips

t 1_.------c~--.I
22 in

(A) 30U ft.-kips
(B) 340 ft-kips
(C) 380 ft-kips
(D) ·140 ft-kips

23. A flexible plywood diaphmgm spans shearwalls 10­
eakd on lines A, B, and C, a.nd is subjected to a lateral
wind load of :320 lbf/ft acting in the direction shown.
The maximum chord [Ol'ce crealed in lhe diaphragm is
most nearly

PROFESSIONAL PUBLICATIONS, INC.
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(A) 3
(B) 6
(C) D
(0) 12

26. Au unsignalizeJ T-int.ersectioll',s three leg::; lire ear.h
two way. \Vhat is most. nearly the t.otal nmuJJCJ' of con­
flict poillt.s, including (:rossing. Lner~ing, and d.i\'()rging'!

A,_ ,60~'",_B,_ ,80~''. __,C

I I I•

•
-

shearwal1
(Iypicall

55

320 Ibflft

28. The rela.t.iolJ~hipbet.ween the <;l.y{'ragc trnl'!"l speed,
S, ill mph and t.he density, D. in vpm Cor all urban rofuJ
is giveu hy the following relationship.

(A) [60 vph
(B) [800 vph
(C) 2300 vph
(D) 3200 vph

(A) 0.31
(n) 0.80
(C) 0.94
(D) 1.0

DS=6S
1U1

_
h,

29. \Vhich aile of the follo\\-ing statements is true?

(A) AnT is the average of 24 hr traffic counts col­
l«tOO every day in the )"lW.

(8) Fixed trnftic delay OIl roadways is caused 1»'
traffic sidc friction.

(C) Space mean speed is always IO....'Cf t.hl:lll time
mean speed.

(D) Local streets provide more access than mobil­
ity, and they carry more tLan 80% of t·ravel
vohune nationwide.

30. A car is traveling on a two-lane mral road at 4.'l
mph. The road grade is 5% dowllhill. A deer appears
in front. of the car and starts to CI'Qlo;."l the road. What. is
U1o.'it nearly t.!u: distance t.he ('..ar need:; in order t.cl !'I1.op
in time to avoid hitting t.he dee!'?

Jill

0.42 ...hL
,~h

'm
Assumc undersaturAted traffie oondiLiorul. When the
avcrag-e travel SptJed is 50 mph, the flow rate is HKlRt

nearly

27. A four-lane freeway run.-; through rural areas, Eac:h
lane is 11 ft wide. A recent traffie study for a parl.icular
portion of the dAily commute period .shows the dirL'C~

tiona! weekday volume i... 2400 vph in one directiou. An
average of 750 vehicles pal*iCfi by during the busiest 15
min. What is ffiO!>t nearly the peak hour factor (PHF)?

plan view

(A) LOS D
(n) LOS C
(C) LOS D
(D) WS E

(A) 42001hl
(D) 4700 Ihl
(e) 9600 Ihl
(D) 12,000 Ibf

"

.. . .,. ... , '" ".-• ----1"" ""..... ,

(A) ductile
(R) shear slip
(e) cleavage
(D) large deformation

25. Tlw maximum service flow rate of a. four-lane £r()()­

way is l;l.'SO pr-phpl, aud the free-fiow spero is 65 mph.
The level of ,service (LOS) Ht which the Creeway operates
is most nearly

24. I...oac.b on a highJy restrained connection result in
a state of strcs:'i haviug equal tensile stre;HCS on three
orthogonal faces. The connection is made by welding a
ductile slructural steel usillg an appropriate cll'.CtrOOe.
Given that load'! increase until failure initiatL"t; at the
!:ltrcssed poiut, the resulting failure would be bf'St. de­
.'lcribed as

PRO' •• SIONAL PU.LICATIONS. INC .
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(A) l50 ft. (A) ':11t.: 4.) y~fl

(n) ·170 fl. (il) till: GO ,rd:1

(C) 39U flo (Cj fill: lOU yd3

(Dj 420 flo (Dj ('lit.; 150 .\,d:1

'VLitt is Ulost. I1C'nrly the'! hr milt Lydrograph peak
djocharge?

(A) 2300 ft) jin·sec
(H) 3300 ft3jin-~c
(C) 4800 ft3jin-SRC
(0) 6r)()lJ fr.3jin-sec

33. A (:nlw·.rt, system is beillg dCii~nL'd to pass nndpr
" majur highway. Thl'": culvert. system llIust l>c able to
protL'(;t tho highway from rWloff from H 1 in stonn. The
followiug iufnnn)itiOll has been tlerin'(l fmIll it storm
that prudm:I'(1 runoff owr a 2 hr period.

Hill?
9300 rl·l!sa:
3260 ac-ft

drainage il.r~~l

flood hydrograph peak di'lc.har:,;p.
fl()(xl hyrlrograph \'QIUlUC

34. A ;;pr,l~' system is ut'8igll(xl :1.<'; part of an industrial
proce.,,~. A n.R ill clilllncter no.-:~le (Xlnm:(:f(x! t.o a 3.1;) in
diamel~1' pipe will provide a spray velocity of 0S ft./sc('.
Th~ l:udficicllt,s of vp]nri1.y and l:outnv.,tion are D.!).') aurl

0.80, re~Jlcx:tivdy. The waler tempcmtlll'() is 16UcF. The
pres.."iUl"(: n~qllin:d at the entrance (0 t.he 1!ozzle is most
nearly

turninA vnlume
movement (vpdl

AD 18,500
AC 2;;
AD 1;)

ilA 17,OUO
Ill) 30
BC 10
CD 90
CA 15
CH 20
DC 120
DIl 2;)
DA 20

A--+J-B

c

31. In the following tl~hlp-, AOT clata for t.raffic move­
ment,,! 1)(1.\\.1~·11 fnur locat·ions (Lre given. Poiots A, il,
C, aud 0 rcpn.."j(·llt the lorntioll.<'; along \wious straighl
highwll)' sections, ~ shown in the iUlL'!tmtion. AB rep­
rcsclJ~ the nwnber uf daily trip..'1 from location A 1.0
Location B. BA r<:pr<::·'it'ut.l' t.he number of daily t.rips
from B to A. Ottll'r <:QlIlbination:; of A, B, C. and D
arc illtcrprdcd similarly. An interchange is proposed.
to i\COOlllllludutc HI!' traftk to llnd Emm all locations.
'\lml is lhc IllUl't snitabll' type nf int.-:rdmnRe?

D

(A) cloverleaf, full
(n) l'kJVel"leAr. purr-luI
(C) diamond
(D) directional

(A) 4{i psi
(13) 5'll),,~i

(C) 70 Jlsi
(D) 77 I"i

32. The total ~·lIt am<~ and tot.(ll till area for 1.',,"0 sta­
tiolJS (1 and 2) along II roadwlIY arc as follows.

Cst' lh~ avl·rag...• cud '"'en Ulethod for cart.h"·llrk compu­
tations using 100 r~ 5~atlou..,,;. \·Vhal L'I Illll:it 1I{~lul:r the
nel eu.rtll\\'Qrk volulIll"!

slatioll
1
2

tot.al fill area

(ft'.__l_
24
32

35. Au ilTigation e».nal must suppl.y 1060 ft-3!sc't: of
waler al if. UUifOl"lli dc:pt.h of {) rt- The emrnl has a 10
ft wicl(:, r~,(·thnp;ular e.-ass S('(:tiOIl ami is (:(lIL'>'trne£Rd of
urick tu make m;l: of local buikling lIJuterial'>. The slope
of the caLlal that will meet the suppl.y cumlitioilll is Ill(~t

uearl)

(Aj 1.0%
(B) 1..)%
(C) 2.:\%
(D) 3.4%

PROFESSIONAL PU8LICATIONS. INC.
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36. A small lm."'.in (;tlT\Si:>t.s of the oovn types giv~1I ill
the followiug t~~hle.

unit area (ft:.l)
'7'---"200.000

2 :300,000

HIO.OOO

t:ovcr trpe
opel! :>l-.Hi.(~.-, ,c,"ir'Jc, -'8"0"""'0=gC,''''M;,

high infihr;;.tion
l'e8ideutifu, 113 oc,

moderat,e infiltration
pa\'t-xl roarls a.nd parking

39. A plain sediml'otat.ion lauk TL'JI10Yffi \ 00% of a
saudy mat.erial with a. mean spl'Cific gravity of 2.2. a
mean ditunet-er of 6.5 x 10-.5 ft, and au opera.ting t.elU­

pera-tun: of 90" F. Tilt; system hat; u detention time of
2.5 hI' and a fiow of 18 ft 3 lsee. The area ann depth of
the tank m;pectively. are most nearly

(A) 10,000 ft 2
; 13 ft

(D) 12,000 ft2; 7 rt
(C) \4,000 ft2: 16 ft
(D) 16,000 ft', 10 ft

•

At:.1....ordiu,l1, to t.he I\.H.CS IIwthod, the soil st.orage C'.ap..'lC­

ity is 1llUl'tt. lwm·ly

(A) 1.0 ill
(E) 2.~ in
(C) ;j,U in
(0) 1.5 in

37. A mpid-mi.xiny; IJI\."lill is designed for a water treal.­
mCllt plant. Tile preliminary oesign is given in the l&­
hIe.

pHralllct<:>r ~'alue

hli.~il1 cOllflgumti(ln _. __--',OqO"O"O"'=,- ----

basin deplh 1.5 tiuw.<; width
(ksi~jl flow 3.5 ft:ljS(~:

d(;si~n velocity gnvlient 850 ftj:..t~:-ft.

dC:-iil'\u dd.ention tillle ;:'U sec
temperature 7ifF
impdlcr power number,

uw,imu flow
impdIPr power LlUlU1JCT.

turbulent flow
rotational spe.?<.l

The rlAAigll impeller (]j;u"'l?h;,r i:> most nei\r1y

(A) J.:l ft
(0) 1.6 ft
(e) 2,0 f'
(D) 2,3 ft

38. An f!xil';i.illg; water H'pll.(l1lellt pluut iF; ilnal)"t':ed for
deficiencies in order to improve performance for sus­
pl'nded soliJ~ J(~movIl.J with alUIIl all(llime. The anf\ly~is

detl..'Tmined that alnminum hydrux.ick sludge is foruu.:d
at 30 mp;jL. For a Dow of 0.5 m"ijs. tht~ stoichiometric
ahUll dOM: L"i mool neurly

(A) :~1OO k.fd
(D) ,JUno kgjd
(C) rlilOO kgjd
(J)) 6000 kgjd

PROF.SSIONAL PUBLICATIONS. IMC .

40. \Vhieh of the following statcUlt:nt-s are true for t:hlo­
rinp disiuf('et,ion of water for public wakr suppl.v lJ1'i(.:?

1. The disinfection effectiveml$S is pH depclJdlmt.

II. Removal e1ficiencies for viruses Ill'e l'elat<:d to con­
centration. contact time, and chlorine demand.

111. ChLorine offers the additiunal benefit Over ot.her
disinfectants of residual protection in tlll' distri­
bution system.

IV. A slow saud filter provides no adrlitiulIlil benefit
fur chlorine. disinfection.

(A) I,ll,IV
(D) L 1lI
(C) n, III
(D) 11, lll. IV



MORNING SI:SSION 11

STOP!
DO NOT CONTINUE!

This eoncludes the Morning Ses.o:;iou of the examination.
If you finish early, check YOllr work aurl make sure that
you have followed all instruct,ions. After checking yom
i\nswers, you lJlay tWll in yuw' examination hooklet ami
answer sheet and leave the exanuu~tiollroom, Once you
leave, you .....ill not be permitted to return to work or
duUlgc your answers,

PROF_SSIONAL PUaLICATIONS, INC.



Afternoon Session
Instructions

In 11.Ix.'(jrdance wit.h the ruJes est.aLJlh:;l.cd hy your state,
};Oll may use I.ell'tbooks, lwuJbooks, bound reference
nU\t<~rials, aun ;my approved battery- or solar-powered,
silent calculator to work thin t:xallliImtioll. However, no
hlank pappr,;, writing tablet..s, ullbuWld scratch paper,
UI" loose lIoks are permitted. Sufficieut rOOIIl for s<Tatch
work is provided in the EX6.minatioll Booklet.

You a.re not permitted to :;hare or exchange materials
with otuCl' cxaminr'{!5. However, the books and ot.her
resources used in this afternoon session do not have to
I..oe the same IL"l were used ill the morning session.

Tid."! portion of l.he e....aminatioll is wvided into live
dept.h modules. You lllay sdc<:t Imy one of the mod­
uk.'I, fl-gardlcss of your work experieucc. HO'o\'Cvcr: you
may not "jump aroul1d~ and solvt, qlle:;tions from more
than one module.

You will have four hours in which to v."Ork this sc::lSion
of the examination. Y011T score will be detenninoo by
the nuwber of questions you answer correctly. Thew
i:; a tot,RI of 40 quest.iolls ill eadl tk..pth 1D0rlllle. All
40 qUe."iLions in t.he module selected must be worked
corredl}' ill order to receive full credit Oll t.he exam.
Tllere un~ 110 optional quc~tiol1..~. Garh question is worth
one poiut. The maximum possible score for this section
of t,jw examillation is 40 points.

Pa.rtial credit is Ilot available. :"J"o credit, will be given
for IUPthodology, assumptions, or 1I,;ork writt.en in your
Exl\mumtion Booklet..

Re<.'Orn all of yom answers all the Aru:;wer Sheet. No
<:m.lit will be given for answers markCl:1 in the Exam­
ination l3ooklet. \'Iark your W1S\\~rs with the pencil
providl:'cl. to you. Marks mliST. be dark and Illust· coru­
pldl'ly fiU the bubbles. Record ouly one an.","wer per
question. 1£ ),on Ulark more than one answer, you will
nol recei\1: l;rcdit. for the question. If you change an
UJlSYit)r, bC' surf' the old uublJlt: it; cruscd complctdy;
iucolllplctc eT/L"Jnres may be misinterpret.ed as un."JWcni.

If .rOll nhish early. check your \\1n'k ano make sure that
you have followed all inst,rlTcti(lus. Arter checking your
wu>w~rs, yOll may turn in your Examination Hooklet
and Answer Shed and leave the examination rooUl.

Once you lcll.w\ you will not be permitt-ed to return
to work or change your answers.

",.,_..---.-.-----------------------

13

When permission has been given by your proctor, break
the seal all t.he Examina.tion Booklet. Check that a.1I
pages are present and legible. If allY part of your Ex·
amination Booklet is missiug;, your proctDr will issue
you a new Booklet.

Do Hot work any questiolls from the 110rning Se:;:;ion
during the second four hourl:l of this exam.

WAIT FOR PERMISSION TO BEGIN

Name: -c:::-------;;;:-:--------;co:-;c;;:--;-cc:--;
Las~ Fil'>lt It.{jddlc lui~iil.l

Examinee number: _

Examination Booklet nllmber:' _

D<:pth Module to be graded:

Principles and Practice of
Engineering Examination

Afternoon Session
Sample Eramlnation

Depth Modules
Lovinmtnental • • • I7
Ceotechuical • • • • 25
Structural. • • • • • 33
Tra.nsportation • • • 43
\-Vater Resources 53

PROFIISIGNAL PUILICATIONI, INC.
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Environmental

4J. CD CD CD ® 51. CD CD CD ® 6J. CD ® CD ® 7l. CD ® CD ®
42. CD ® CD ® 52 CD GD CD ® 62. CD CD CD ® 72. CD CD CD ®
~1. CD CD CD ® 52. CD CD CD ® f1.1. CD OD CD OD 73 CD OD CD ®
44. CD OD CD ® 54. CD GD © ® 64. CD ® CD ® 74. CD GD CD ®
45. CD ® CD ® 55. CD ® CD OD fm. CD ® CD OD .. CD ® CD ®I. J.

46. CD ® CD ® 55. CD GD CD ® 66. CD ® CD ® 76. CD GD CD ®
47. CD ® CD ® 57. CD GD CD ® 67. G) OD CD ® 77. CD GD CD ®
48. GD ® CD ® 58. CD ® CD ® 68. CD GD CD ® 78. CD GD ® ®
49. eD ® ® ® 50. CD ® CD ® 69. GD GD CD OD 79. CD OD CD ®

"". CD GD ® ® 60. GD GD ® ® 70. GD ® CD GD HO. CD GD ® ®

Geotechnical

81. CD CD CD ® 91. GD ® CD ® 101. CD ® CD ® 111. CD CD CD ®
82. GD ® CD ® 92 CD ® CD GD 102. GD ® CD ® 112. CD ® CD ®
83. GD ® CD ® 93 GD ® CD GD 103. G) CD CD ® 113. CD ® CD ®
ll4. GD CD CD ® 94. CD ® © ® 104. CD ® CD ® 114.CD ® CD GD
85. CD ® CD ® !15. CD GD © ® 105. CD ® CD ® 115.0 ® CD ®
8li. CD CD CD ® 96. 0 GD CD ® 106. G) ® CD ® 116. CD GD CD ®
87. CD ® ® ® 97. G) GD CD ® 107. CD GD @) ® 117. GD GD CD ®
88 CD GD CD ® !l8. CD GD © GD I080GD GD CD ® 118. CD GD CD ®
89. CD ® CD ® 99. CD ® CD ® 109. CD GD CD ® 119. CD ® CD ®
90. CD GD CD ® l(lO. CD GD © ® IlO. GD ® CD ® 120. CD GD CD ®

Structural

121. CD CD CD ® 131. CD GD CD ® 141. G) ® © ® 151. CD ® CD ®
122. CD ® CD ® 1:~2. CD ® CD ® 142. CD CD CD ® 152. CD ® CD au
123. CD ® CD au 133.0 CD CD ® 14~, CD ® CD GD 153. CD CD CD GD
121.0 CD CD ® 134. CD ® CD ® 144.0 CD CD ® 154. CD ® © ®
12.'). CD GD © ® 1.3[i.0 ® CD QD 145. CD ® CD ® 1.55. GD GD ® QD

126.0 CD CD ® 136. GD ® CD ® 146. CD CD CD ® 156. CD GD CD ®
127. GD ® CD CD 137. CD GD CD ® 147. CD ® CD ® 157. CD GD CD ®
128. CD ® ® ® 138. CD GD ® ® 148.0 ® © ® 158. CD GD CD ®
129. CD ® CD ® 139- CD ® © ® 14!:1. CD GD CD ® 159. CD GD © ®
130.0 CD CD ® 140. CD GD CD ® 150. CD GD ® ® 160. CD GD © GD

PRO ..... IONAL puaLICATIONS, INC.
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Transportation

Hil, CD ® CD ® 17LCD ® CD ® 181. CD CD CD ® J!)I. CD ® CD ®
162.0 GD CD aD 172. CD ® CD ® 182. CD ® CD GD H¥4.CD ® CD ®
163. CD CD CD ® 173. CD ® GD ® 1&1.0 ® GD GD 193. CD GD ill GD
161. CD ® CD ® 174. CD GD ® ® 184. CD GD CD ® 194.0 ® CD ®
1&5. CD CD CD aD 175. CD ® ® ® 1&''1. CD GD ® ® ms. CD ® 0 ®
100. CD ® CD ® 176.0 ® CD ® 186.0 GD CD ® 100 CD aD CD ®
Hii.CD ® CD ® 177. CD ® ® ® l8i. CD ® CD ® 197. GD CD CD ®
1M. CD ® © ® 178. CD aD CD aD 188. CD ® ill ® 198. CD OD CD ®
169. CD aD CD ® H:l9.(D OD CD ® 189. CD ® CD ® l!Y.l CD ® ® aD
170. CD ® ill aD 1M. CD aD CD ® 190. CD OD CD ® 200. CD OD CD ®

Water Resources

2uI.CD ® CD ® 21t. CD ® ill ® 221. CD CD CD ® 231. CD CD CD ®
202. CD GD CD GD 212. CD (jj) CD CiD 222. CD GD CD ® 2:32. CD ® © GD
20.1. ill GD 0 GD 213.® CD CD GD 223. CD ® © ® 2a:t CD CD CD aD
204. CD ® CD GD 214.0 CD CD GD 224. GD ® CD ® 234. CD CD © ®
205.0 GD CD GD 215.0 ® ® QD 22!"J. CD ® CD GD 2:!-!",. (3) ® CD ®
200.® ® CD ® 216.0 GD CD GD 226 CD ® CD ® 2:l6 CD aD CD ®
207. GD ® CD ® 217.0 ® CD GD 227. CD CD CD ® 237. G) GD CD ®
20RCD GD CD ® 218.0 ® CD ® 228. G) ® CD ® 2~J8. CD OD (C) ®
209. CD ® CD ® :WI. CD ® CD ® 229. CD ® ® ® 239. CD GD ® ®
210.0 GD ® ® 220, CD GD CD aD 2:JO, CD ® ill ® 240. CD OD CD ®

PROP •• SIGNAL PUBLICATIONS. INC.
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Afternoon Session
Environmental

Tilt.: dl*'ign ma.x.imuJlI IL\ily flow is most nearly

(A) 10 MGn
(B) 15 MGD
(C) 20 MGO
(D) 25 MGn

41. Wastewater design flow for a wa.<;t,c:wllter treatment
plaut is to be b;\.<;et;! ou lJopulatiull for domestic sewage,
plus illJillItrial wast.ewater, slorm water, and infiltra­
tio". The parameters are gl\'Cu ill thl~ following table.

The mean cctl rl.!sidence t..imc is most nearly

wlue

70%
200 L/lJ
2500 mg/L
210 mgjL
10 mg/L

20 L/'
4300 Illl

100 mL/g

parameter
volatile fraction of MLSS
influent fiow
MLSS
influent soluble BOD!)
effiucut. soluble BODs
wa.;t.t: rate from recycle line
volume of aeration
SVI in T\:eyde line

(A) S h
(B) 10 h
(C) [5 h
(0) 17 h

44. A secondary darifier is t.O he designed using the
r.riteria ill tlJe following table.

43. A complete mix-activated ~ludge wastewater treat­
ment plant i!! being studiL>d. The characteristi~of the
plant arc yj.ven in the following table.

600 gAlfday-in-mi

.....Rlue

65,00) people
200 ac
200% of annual average

5 Illi of 24 in pipe
Hi IIli of 12 in pipe
22 mi of 8 in pipe
10,000 gal/ac-day

paramet.er

illdu~i.rial wast.e

populalion
iUU1L'ltrial Ilrea
peak daily flow
(:x(:css infill.ration rate

(above norlHaJ)
(',Oiledion system

properties

42. A state regull\tory ",geney has established the fol­
lowing criteria for design of primary clarifiers for mu­
nicipal wastewater treatment plaut:>.

What is most nearly the diameter of a single basin that
would moet the desiRlI <:riteria'r

pnr;uneter
o~i";Jil.ow rate, peak hour
i1\'"C'.rflow rate, maximuUl daily
l>id<~l\7ill depth, minimum
wfliT Io..'\ding rate, peak hour
deknt.ion time, minimum

value
2000 gaJ.jday_ft2

800 galjday-ft2

8ft
35,000 gal/day-ft
60 min

parameter
maximum overflow rate
minimum detention time
maximum weir loading rate
desir;n peak flow
minimum depth

value
600 galjday-ft2

90 min
10,000 galjday-ft
2 MGD
Sit

TIl{' annual HVerfth"€ design fluw for r,he plant is 3.5
MGD. The pealdng filCtors relative t.o the annual av­
(~rage design flow um 2.0 for the maximum day and 4.0
for 1.Iw peak hour. One clarifier is to be used. The di­
IUlwtPT of the clarifier to the next hiAher 10ft incl'emeut
is LllUHt nearly

(A) 100 It
(D) 110 fl
(C) [2{) £t
(0) [30 It

tAl 45 It
(B) 55 rt
(C) 65 It
(0) 75 ft

45. A wastewa.ter treatment plant ......ill use alum to re­
move 10 mgjL of phosphorus from a flow of 400 Lis.
A pilot te!:>'"t det.ermiucd that 50% above thL'Orctical re­
Quirements for alum are needed to effcct.ively remove
the phosphorus. Referencc data for the &ll.IIl and pitas­
pbOrllS are given in the foUo",ing t.able.

"IIOFE •• IGNAL PU.LICATIO .... INC.
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The volume of alum solution required is most neaTlv

parameter
molecular weight of alum
formula for liquid alum
alum ::;treugtL
concentrar.ion of alum solution

value
GoG.7 g/mol
Ah(S04h·UHIzO
49%
1.400 kg/I.

param.eter
influent )lO:J ~

effluent KO.1-N
11LVSS
DO
temperature
specific denitrification rate

value
26 mg/L
4 rng/L
2500 mg/L
0.2 mg/L
WOC
0.09 kg NO:I-N/

kg 1ILVSS·d
(A) u()()(J Lid
(il) 80«) Lid
(C) 100«) Lid
(D) 120«) Lid

46. An a.cth'3ted-sludge wastewater treatment plant
l"f'ceives 400 L/s raw wastewater ",,-jth 280 mr;/L nOD5

and 220 Illg/L total ::;u::;pended ::;oliili; (TSS). The final
effluent is 20 mg/L ROD5 and 20 mg/L TSS. The pri­
mar}' clarifier removes 30% BOD5 and 7,5% Tf:JS. The
cdl yield in the aeration tanks is 60 kg suspended solids
prodneerl per 100 kg of nOD.5 removed. No nOD is re­
IllOV{X! throug-h the seeondary clarifier. The total dry
milS:, of solids produced is most nearly

(A) 6«)0 kg/d
(Il) 7(XlO kgjU
(C) 9«)0 kgld
(D) 11 «)0 kgld

The required detention time i::; most nearly

(A) 5 h
(B) 6 h
(0) 7 h
(D) 8 h

50. A plating factory ha.<; a discharge permit that re­
quires effluent to be diluted at least 20 to 1 in the
nearfield for a maximum flow of 75 ft,3/ sec into a river.
At low river flow, 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 diffuser has 10 ports, each with a
12 in diameter, discharging 60° above the horizontal.
Vv'hat is most nearly the nXlllinxl diffuser length?

(AI 20 ft
(il) 40 it
(0) 60 ft
(D) 80 it

The effiuent BOD 5 concentration will be most nearly

51. A constructed wetla.nds design is being reviewed.
The design parameters arc given in the following table.

47. Anaerobic: digester::; receive a total of 3000 m:J/d
of primary sludge at an ultimate BOD concentration of
400 mg/L. The dige.::;ted sludge i::; wasted at a rate of 30
m:l/d with a suspended solids concentration of 100[11]
mg/L. The efficiency of waste utilization is 0.7. The
volume of methane produced is most nearly

(A) 140 m:' /d
(B) 190 m 3 /d
(C) 220 lIl:J jJ
(D) 2{j() m:l/d

48. SulfUI' dioxide is to be used to dechlorinate an cf~

fluent containing a chlorine re::;idual of 6 mg/L as Ch.
The design flow is 80 L/s. The amount of sulfm dioxide
required is most nearly

(AI 10 kg/d
(il) 20 kg/d
(0) 30 kg/d
(D) 40 kg/d

parameter
length of basin
width of basin
fraction of cross section

1I0t occupied by plants
depth of ba.."lin
avcrage flow rate
specific surface area for

microbiological activity
influent BOD5

fraction of BOD5 nor. removed
by settling at head of system

rate COllst,ant at 20°C
temperature

value
200 ft
2500 ft

O.T;
2 ft
40,000 ft:J/day

·1.8 ft~/ft:J

200 mg/L

0.52
O.OOfj/day
lOoe

..

49. An anoxic basin will be used to denitrify a waste­
water with the characteristics given in the following
t~blc.

PROFESSIONAL PUBLICATIONS, INC .

(A) 40 mg/L
(n) G5 mg/L
(C) 80 mg/L
(D) 95 lllg/L



---------_. AFT. R N 0 0 N 5 e: S S ION 19

(A) 160 kPa
(il) 180 kPa
(C) 200 kPa IJI.

(0) 220 kPa

IV.

For pressuri:tation of the total wasl,ewaLer flmv. the re­
quired gage pressure it; most Illmrly

52. Wastewater cont.ailling a flue particlIJntf' is t.o be
polished with a dissolved air 8otlltion unit. The design
criteria arp I!,h"Cll. in the foUowillg table.

54. HOJJ anulys(~'l of a.n indusLril1l wastewater ?;ive T,he
results ~h(lwn in th.. following table. ASI'ume the sam­
ples are placl:'::! in sta.ndard 30u mL 000 bottk,,:;.

Ouly two conslilu{1uts, Ilitrogen and embOlI, mx~
to or. controlled in Wll..'it(lwatel' emlll:nt to ml~)t.W~

t.\:r C]llality objt:I.·.tives related to algae.

(A) 1_ lIT, TV
(Ill I, IV. V
(C) II, lIT, V
(0) lIT, TV. V

The usc of c.arbon Jjoxidc I))' nl,e;~ Illay cau~ high
diurual variations ill pH ill st.ahilizatioll pund'!.

V. Control of alf;ae in uatunu watets that scrvt.' 11..";

y.7I.ter supply is important due to l.hc algal:':; po­
tClitial to cause t.a:.tc mid 0001' problems.

(l\) The wastewater shows a hi~11 HOJJ, tllll~ rOll­
firming au industrinl .....asi!:.

(n) The BOJJ n~lIlts var,r widely, indicating au
inaccuracy in thp: tesl.

(C) The high BOJJ rc:mlts indicatt.' dIe m:crl to rUll

a wkll'r ffUl,l;t' of dilulious.

(D) The iulTea'iing DOD with inlTr.asing dilutioll
indicm.cs toxicity ill the ~"listf'Water.

55. Which of the followillg stltt~:lllCllts are lme:

I. The allilIlda.nn~of algae ill IInt.ural "~d.t·ers dep(~(l(b

ou the Il.l,·aibhility of uitr()!1;l~n Ilno phosphorus,

II. Algae iu oxidation ponds CUll interfere wir.h witL€1'
t,rp::ttmerd.. und so ~honld be n:U10ved regularl.y.

56. The removal of coliform orgallislll.'i in a small stream
is aualrz(,'(1. The appl'oxiulI\tc initial die-away rar,\, of
tho haderia population iil 'l.'300/h. The eoeffiripnt. or
lIouuniformity or retardat.ion is 6.15. The stn'am has a
flow of 400 Lis, a depth of 1 111, and 11 width of 10m.
\Vhat is most nearly 1.11(; \)(:rc£'nl, rellLoval 10 kIll down­
stream from Oil' point where ttl(' analysis t.ook place?

0.07 mg air/Ill/{ so)i<h,

20°C
L8.7 mL air/L water
0.6

value

300 mg/L
pa.rameler
suspended solids
opt.huum flotation air-

to-solids ratio
operl.l.ting t.emperat.ure
air solubility al 200C
ah:;orptioll fr3l:tiun

53. Whkh of the following is ~OT a CUWlC of high eon­
ceutratious of suspended solids ill wa.....u.'W".l.tRr eftlllent'!

(A) iuadeqw\t.c solid>; remo\'8.1, <:ausing nitrogen
bubble;; and rising sludge ill secondary clari­
fll-rs

(D) out of b..'llauce food-to-microoTganism ralio,
j"IUlsing bulking sludge

(C) insufficient ctmditiolling chemical for sludge
dewalering, causing cydin~ of fine soLids

(D) excessi...-e ILL1:i\:at.ed sludge return rates, caus­
ing dilute re~ul"ll adi\ltl.oo ~Iudge

waslewater
hottle portion initial DO final DO

no. (rnL) (mg/L) (mg/Ll
I " 8.6 6.0
2 3 S.6 6.1
3 3 8..1 6.6
4 2 8.5 6.1

" 2 8.5 6.4
6 2 lUI 6.0
7 1 8.6 6.8
8 1 8.5 6.4
n 1 SA 6.5

B,).t;()c! on thp:~ analyses, whidl is t.hp prineipal conclu­
sion that may be drawn?

(A) :J()%

(B) 5U%
(C) 70%
(D) 90'/0

57. \Vbi<:!l of the followiug: .".-tllkmf'llts are true rdati\'\:

00 1.he effl't.,t.'i on stream biulo/ty from orgtUli(' load....?

T. Nitrogen in dEnl'nt. from COll\'t:nt.ional wastewater
treatmelll plant~ flOe:3 nOlo add to til(' OTp;alljc load
hecause it is uorwlIJly not. biologically df'wariable.

II. F.ftiuenLs that arc oisinrectoo do not. add orgiHlic
load to a st.ream he<'atl8e bacterial popu lations arc
t,Ol) low t-O promot{) decompositioll and oxygen de­
11umo.

PROF_SSIONAL PUBLICATIONS, INC.
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VI. det:omposeil lish and ot,lli.'r aquatic life

foorl ('hain requirement, or r<::S!)()1l.5e
- .. -

III. As rlissolved oxygcu ~aWi fWIll ».n or~anic load, t.11(·

variety of biologi<:llllif<) ~liX:l·~~I-L-w.!; and I.he numbers
within the SLlfvi\·i.ug: Sl~d~ rl.o;<: rapidly.

58. n€t\','eelL the followiug list,!;, m;>, teh the food dmin
c!('ments or IiIe forlIl:i with the appropriate reqllirelllcnt~

or r~pOllses.

food chain elements or life form

1. is (are) I1rst-order (X)IlS11Ulcr..,; in the food chaiu

') call be limited by tl!(; absence of sunlight or the
presence of pollu\.ioll

:l, i::; (me) ~l->(XJlld-Ufder ('OllSlJIl1P.fS or sluall hcrhi­
\'on~

The UO of the stream Itt the critical poi.llt i., most. nearly

(A) '-" mg/L
(1:1) ';).7 mg!L

(C) u.8 mg/L
(I)) 7.6 "",/L

parlUllet{'r valtHl
effiuent fin,~·,·-------------co".ii5c,Cu'3r;:/;;'

eilluent- BOD;; at 20cC 60 llIl({L
cffIuenT DO 2 mgjl.
effluf:nt temperatufe 2.5"C
deoxygeuation rat€', h',/, hIL"'I: 10 (J.I~ d- 1

ten'peraturc ntriatioll l:OlL'itant 0d for l{d 1.046
st.r",am flow G m:'j...
str~alll velocity 0.3 m/s
st.ream BOD,) at 20"C bef()f(~ mix 4.5 Hlll,/L
~tream DO bd"ore mix 8.5 m~/L

~t.rE'::ull tempcratur(' ut'forc mix l.J~C

l'OIl(~rati011 rate, ]{r' base 10 0.250 d- I

t,emperat1ll'(' "'-.-l.riatioll ("ollst.ant. Or for J<,. 1.024

60. Whil'h of t.he following st.atements rt.'guniillg ell­
trophi<:at.ion of lak<.~ of impoundments are tmc'!

1. A common indicator or eutrophi<: wat.ers is the
abuurnwee of blue-gl'<JclI algae as OOllllX\rCi.1 to
ot.her algae sped,,::!,

IT. Eutrophic ('ffe<'ts Cttll be rapirlly overcome by lim­
iting nit.rogen and phosphofUS iu WfL'ih:watl.'r dis­
dw.rges.

HI. Phosphotlls hM been identified as more critical
than nit.rogen in c(jl1t,rolling algae aud aqllatir.
weeds,

59. A pulp mill disl'harges a t·reated dHlIcnt, 1.·0 1\ river
whl;'re rowpl<'tc mixillA occurs 4uiddy below th~ out­
fall. The effluent and stream conditiolffi an: givcn in
the following tabl".

I, III, V
I, II, IV
11 IV V• •
lILIV, V

(AI
(H)
(e)
(U)

TV. lUllueiliatcly hdow t.he outfall of partially btahi­

li7.ed wasl-€\\'3U'1, t.h<' }>opnlJltions of algae do­
crease; hut 1\0'1 llut.l"il'nt !\SIlts are assilnilatoo. Hill
algae great.l)' llacrca:iC ill II1I1l1OCr!;.

V. }\lIwumia in wastewater dflllCllts CJill he toxic to
I.tqllutie orgHnisms, so il.~ COHccutratioD in t,he

stream lIlU!>t hl" reduced by ililutioll or eonf,rollP-d

b,r adnUlceo:! tr<'atm{'IIt..

L !lCliUltic life rlh·ersit.y aud I\huudance

Ir, algae ~\ll<.l y,11::<:n plam.s

111, il:". ll)'illphs: {:opcporls. and waL('f flea.'!

IV, SlIllfi!;h

V, bass. pike, and SHimon

I. release(s) nut.rients that arc rec'ydc~1 into alga~ by
pholosylltlle,.,i.'!

5. l"i'quire(.'l) I.he pl1.'SCll<':C of oxygcn. carbon dioxide,
l1itrog(~ll, anrl pll06phorw;

6. j,.; (are) third-onk'f <:orummcl"S of 1le>1l eat.en.

7. i... (:vel primm:' product>rs :o.iucc th,:>, u.sc t.he en­
ergy of sunlight to S,YIII.lIl:o::;il;e inorganic sn1Tht.an~

iulo living ti.·~me

Which option r"prereul8 the <:Ol'l'l.,<:t lOatc.hcA'l?

IV. The IIUI1:>1. commOn IIwthod~ of controlling ('lIt,ro­

phi<.:ution caused b.... point SOllTees are divcl"~ioll of
diseharges to a diffcnmt. drainage or treat.mcnt to
rewo....e nil.rogell mid phosphorus.

V. Bott.om sedimeJlt..'t mrdy contribute to Cllthfophk
cffcds.

(AI T, n, IV
(R) I, Ill, IV
(C) n. JII, IV
(D) n. IV, V

(A) I-~. 1-5, B-7. 111-1, IV-:l, V-G, VI-l
(0) 1-7, 11-1, 1II-:( IV-G, V-7, VT-2
(C) I-I, 11-1, 1lI-6, 1V-2, V-I, VI-,j
(D) I-L II-:~, 111-7, 1V-6, V·3, VI-2

61. The first stage BOn of a wastcwat.cr is 150 mg/L at
2(1<>(; and it. rate rouSt,aut. of O.2J/d (base e). If t.h{~ same
waste mncentratiou is discharged at. a t{~ml)()rature of
30<>C, the DODr, will be m(J~1. lJeady
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l~sing l\'lPN tahks, the 1H'N is

66. non Lest n:~l1lt.<; for raw dOlllt::-.1.ic senled wall'te­
~"atR.r are givell ill t.he following tl\blp.

65. All .\lP:'J t,est g(l.ve t.he I'~:mlts shown i1l t.he follow­
illg table.

(A) 70/100 mL
(TI) 700/100 lUI.
(e) 70IXJ/100 mL
(D) 70000/100 mL

2
[

o

sample ponion 110. of positive real'tiol1S
(m~[;~J O"~ll of five tulles

1.0 5
0,1 5
0.01
O.IXll
0.0001
0.00001

St1l.l'tOffl!/('R.S (mold-like filament.ous bactcriu)

DacWlJ.:i $ubtilu (spore-ronui.ug bllJ"tcria)

2
3
4

5

~erial

dilution

o
I

(A) I, n, VI, vn
(8) II. III, V. VI
(C) III, IV, V, VII
(D) IV, V, VI. vn

(A) 100 mg/I, VI.

(D) 125 mg/f, \-11.
(e) 150 mg{T.
(D) 175 mg/L

62. \Vhiel! of tlw following Nt.ntemeills are true con­
cerning indicator ()rga.ni,~ms'!

L Coliform organisms are a. u~efnl indicator of the
potential cOlltalllilli\tion of water supplies or Hlt;
degn~e of pollul iOIl of natural wl\tA:rs because they
aw prespnt. in large IIUlllbcr!'l in sewAgf>.

u. A di<;t~ui.';hing charaetcrLstic of coliforms is their
abiLit), to f<:rmcnt and produce carhou rlioxide gas
ill 48 hr.

1I1. The membrane filter tedmir]llC provides ouly i1

Qualitat.ive pn~nmptive test for coliform.-; that.
Illust be coufiruwd hy Illultiple-tube fermeutation.

1V. Aerobader· ae.I~!.rJ~'ws iN not a pl'actkal. indi(:utor
orgiUlism hC('8use it is commonly found in soil.

V. A c!mractl:rist.ic that. mak~:; coliform organisms
good im.licat.ms is their abllll(hUl<:I~ in human
WiL'ltes.

(A) I, II. 111
(H) [, n. V
(e) I, III
(D) n, 111, rv

63. A wHstewRter I,reatmellt plaut L"\ rl'l'lnired to pro­
duce au efRuent, wit.h a coliform oouut of lc~s than 2UO/
100 mL. Before it is l1isiuf(~:t.ed, the wastewater i~ found
to average 2 x 108/100 mT. coliform at a p~nk hourly
How of ,'HXJ Lis. The r'hlorine cont.aci tank hilS an f'ffe<:­

tive volume of 1440 m:l , The chlorim: rcsichlal required
t.o mpp-t the effluent limitation is most. Iltnuly

wastewater
dilut.ion vnlUltie initLhl DO 5dDO

no. (mL) (rug/L) (mg/L)
1 0 g.O 6.2
2 1lJ g.2 ,').2

3 15 g.4 ;L":I

(A) 4.3 rug/L
(H) 0.7 ruML
(C) 6.5 mg/L
(D) 7.'1 mp;/L

64. \\'bkll of tile following may be associated witb
t.a."\tes and odors IU nVl'rn, lakes, and otller fr<:sh v.<Io­

lers?

For a dooxygcuation rat.e COIIHtl-l.ut (tw>e e) of 0.2!'i/d,
tlu~ l.Ilt.imate DOD i~ 1Il~1: nearly

(A) 120 mg/L
(n) 130 ""I,/L
(C) 140 m./L
(0) 1[,0 lllll:/L

f. Ccnodaphn:iu. t.llLbill (daphnid ~hrimp)

II. Synmu (fiag(%:l.te 3lgae)

Ill. AnaIXlf:TU! (blue-green algae)

TV. Pimephule.~ lJrnmclas (fathead mjuuow)

V. OscillalQria (lJhl.l.'-grccn algae)

67. vVhich of the: following act-iom can improve the:
hiological qualit.y of fresh wakr?

I. l:(Hlt.rol t.he COIll:cnt.ration of nitrogl'n and phos­
phorus to limit a.l~ae growth

TI. apply (:oppcr sulfate periodically to Limit algae
gruwt.h

".OFES"OMAL PU.LICATIOMS. INC_
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In. dJauge the hyriwgraphy to der.rease st.ream
vdodty

IV. arlrl chlorine to kill pathogenic baderia

V. ront.rol wastewater discharges \,0 limit
DO depletion

(A)
(B)
(C)
(0)

I, 11
LV
Ill, 1V
TV V,

The tl'Ullsfer station re(l~ives an average of 500 U.S.
tOlls/day with 80Yc from collcctiou vehicles and 20%
from small whi<'ks, \\-hal. is most nearly t.he minimum
number of unloading bays to accolIullodate tlll~ peak
hoUl" without \\·;t.iting'?

(A) 7
(B) II
(C) 18
(0) 23

68. Hccycbbk :iOlid wa;;tcs <lore source separal.ed at. l.he
residences fUld wmJp.d t.O 3 recycling cent.er for P[~
ll!.g. 'I'lIt: type! of WI1....1,(: s('paratRo for every 100 Ibm of
tolal wa."Itc Kt:I1i.:mllxl are giwn in the following table.

tot.1 recyclable wast.es a8-{'OllocteJ

wast.e sepan\tcd (kn."Iity

f:(lrnponent (Ibm) (Ibm) (Ibm/ft')
papl:T 36 21 6
cardboard 6 4 3
food ~'ll."Ik.."i 8 18
pla....t.ic: 7 2 ·1
)'W"U deoris 10 6
wool1 2 14
g!n>., 8 3 12
t.ill Cil.uS 6 I 0

all uHler 12 10

total lOll 31

A tot.al of 2LXJO residenccs are .'Iervcd with an fl.vcrage
of 3.5 persou::l pcI' n.Jsiclemx: and an fl.veragp wflste of 4
Ihm/person-dar. The pu.rtkipl.ltion rate is &1% for pa~

per a.nd cardboard a.nd .'"iO% for other cah~gorie~ of reO.
cyclables, If a 15 yda collection vehicle i~ lls(~d at 90%
dtidcncy in volume uLilh:aLion. the number of trips re-­
quired pel' week i~ lIlUl'it nearly

70. 1\ processed solid ......nstc ha.~ a basic composition
that t;/Ul h<) approximat€u <L'i C.wHMiO;w. A pilot. lesl
<:l'itiUlIlltrl t.hat partial acruhic o:mw~rnkln would result
in residual org,mic matter ..... it h an approximate ('()lllpo­

sition of C12H:,u,OIO' The initiall1la.« of solid waste is
1000 kg. Iwd thp mass of tbc residual is 350 kg. The
aerobic stilhili7'At.ion process i'i dCS(:Til)(~ hy

C"HhOcNd + O.5(ny + 2,0; + r ~ c)Oz

-- 1tC....HEO!l)J~ + seo:? + (d - Ilz)NH"

T = 0.5(0 -YU' - 3(d - nz»
.'l - tl, - nw

Tlw lrl1l.'\~ of ox)'gell required for t,he conversion is moot
nearly

(A) 45(J k<
(n) 53U k<
(C) 680 kg
(D) 77U kg

69. A transfer station must serve hoth packeT tmck:;
and ::nnull vchidi.1> with design d18racteristics given in
the foUlIwing t.a.ble,

(A) 12
(D) 16
(e) 24
(D) :12

72. Solid wa•..,'\(: from a small COllllllllIlity hn.'i the COffi­
IXltlitioll givcn in the followil,g table_

71. A landfill hos solid WH~tk~ cells at a compacled den­
sity of 101KIlbol/rJJ and ll~~ soil covel' at. an ilL-plut:c
density of' ;{!K}O lI11ll/ydJ . The soil-to-solid wa.~te ratio is
1:5. No moistme is addt,'(1. For a solid wasle moist-ure
t:ontcnt of :.:!O% and a 12 it lift, t.he mass of leachale
g~nprAted is most lIcady

(A) o Ibm
(B) 250lhm
(C) CIllO Ibm
(0) 750 10m

1.0

1.0
1;) min

1.5

2.0
6 min

valne

"p=a=n~lllo,::c=t"'=>'-,;;:-:-.-__P':'"'C~·k7''i'ct:;ru:",c,,,ks small vehicles
a...-erage paylood 6 U.8. tOll."! 0.4 I;.8. t.ons
peak mOlltll/

average wontlt
peak houri

average hour
llllloadi~ t,ilUe
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73. A solid waHle tIaILSfcr proposal is being compared
to tilt' existing dired haul upend-ioll. The dmracteris­
tics of the two syS\..{;I1lfi are given ill the following table.

(A) 23%
(n) 21)1);­

(C) :H%
(0) 36%

1%

valuc
IfJOO U.S, lons/eta,Y
'WOO Bllljlbm

(A) 0.0:3 mg;jL
(B) 0.36 rng/L
(C) 0.5:3 mg;/L
. ) ,(D 1..3 mg;; L

mixed solid waste throughput
em'rg:r value of mixed solid wa.ste
station service allowance

of total po\ver produced
unaccounted-for heat. loss

of total power produced
boiler efficiency
turbille efficiency
elect.ric genenuor efficiency

76. 'Vhidl of thc following st.atements are true regard­
ing solidjhazardollH wHHte stambrds?

(Al 9o/r,
(B) 12%
(C) 17%
(D) HJ%

The overall efIicieuc.y of the plant. iH 1ll0Ht 1warly

parameter

75. A coIIllilUnity watcr supply is contaminated with
!vITBE amI requircH trcatment to proten. resident,s. The
reference olose oral routc for :t\-ITnE is D.DOG tng"/kg·(l
An adult has a body lImss of 70 kg and an avcrage dail:,>,
intake of 2 L. For 120 djyr CXpOSlHC and complete ab­
sorption, t-he maximum water concentra.tion t.o protcct
an a.dult is most l1('lIrlv

10
3;)

component proportions
in the waste stream

as collected
with nu recycling

(% by weight)
food waste
paper
cardboard
pla:,tics 8
text,iles 2

yard waste 20
gla.ss 1)

<_'<1_1_ot_,h_"c.t -cl~2;_--
total 100

companellt

Trw community is considering- implclll(~ntinga recycling­

prognun for paper and cardboard with cxp{'ch~d d­
fediveness of 70% and BOI);-" respectively. Tf the pro­
gram achit'vcs the expected effectiveness, the percent
by weight of yard waste in the waste stream 'would be
most nearly

The minimmTI round trip timl~ for which the Hemi-traikr
system would be more economical is most nearly

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

parl1luetcr

capacity in volume
t.ransfer st.ation

operat.ion cost
operation cost

l:ompm:tor truck
dircct hanl

15 y(fl

:HOjlu

Hcrni-trailor
tranHfer

$:J/yd"
$,,)Ojhr

L RCRA Sll[Jtitk C addresses nonhazardous waste,
aud ReBA Subtitle D addresses hazardous '.'i8st-es.

11. Landfills wit.h a dL'tiign capacity of 25 x 10>! kg or
greater are Hubjecr, to USEPA lrmdfill gas emission
regulations.

Ill. USEl'A drinking- wa.t.er st.a.ndards for maximulIJ
eontil.miI1i1I1t. levds (\fCLs) apply to grOlHldwater
protection from sanit.ary landfills only beyolld the
property boundary.

IV. USE-PA rriteria for sanitarv lumlfillH require in­
stallation of a COIIlllOsik lillcr Hystem to intercept,
collect. and rcmovc an.y leachate that migrates
from thc bndfill.

V. \;SEPA crit.eria require groundwat.er monitoring
for a ::;allitary landfill.

74. A mixed solid wa.ste, mass-fired energy recovery
plant---colllpri~d of a steam boiler, turbine, aml gen­
erator-hm; the de~ign values giveu in the tll.ble.

(A) T, TT, V
(13) I. TTL V
(e) TT, TTL TV
(TJ) TT IV, V

PROFESSIONAL PUBLICATIONS, INC.
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77. All il1filt.mtion gallery iute:l"ly.pts groundwater ami
IISt:S t.11<' mllected water for iniW\.tion. The stratum is
6 III t hick and consists of deau :-limd and gravel with a
oo..ftkiell1. of permeability of O.W em/so The diffwioll
I.litt:h to th<~ ~allf'r)' penelrate:. to the sol(' of the stral.lUII.
The ",'-ater l'mrface in dl(' gallery is 0.5 m above t.he soll'
of the l,itmtulD, and t.he brallery is 10 til hori7.ontally from
wu' tlifflL"iiOIl ditch. The 110..... iuLU t.!lt: gallery per meier
of length i .. most nearly

diffusion ditch

The tot.al hardness as eaco:.! of the waleI' is mo..d. nearly

(A) 380 mg/L
(D) 420 mgjL
(C) 460 mg/L
(l)) 500 mg/l.

constit lIt'c'o"'-- ---'cc0.:::ncenlratiou

Ca+2 90 mg/L
:\lg~'l 38 mgfL
f',-a- 9.7 mg/L
I~- 5.2 mg/L
1''e-2 0.10 mg/L

HC03 38J mg/L
SO.t2 :m mg/1.
CI- 36 mg/T.
F- 0.2 mg/L
'l0i 2.2 mg/L
SiOz lG mg/L
\.olal di&'lolVf!d solid::; 432 mg/L
pH 7.0

79. A gronndwater has thf' ch~lJlicaJ analy~ giwn in
the follo\\"in~ table.

6m

sole

10m

.. flow

t

I
O.5m -

. ,...,

78. Pumpin~ le,ts for a homogeneous aquifer a.re con·
duc;t<x! &; shown in tb<: following table. AR;umc the
drllwdowll ('omparoo to u<]uift:1' thic:knE'SS i::; ::;mall, and
t.h~ length of time of t.he pllmping test is relat,ivply long.

(A) 0.5 x 10 :I m j Im·s
(n) 1 x 10-:'1 m 3 /m.s
(C) 2 x 10-3 m 3 jm·f;
(0) ;} x 10-:1 m:~/m.':>

parameter
dumlion of pumping t.psl
pumping rate
w('11 diamt't-t;l'
radius of iuflllcm:e
e!e\'8.tioll of top of aquifer
('kvntion of bottom of fVIllirer
l\~rRr surface e1elration

(lot JOO m frow \\'dl
dmwdown in \\-ell
dC\~..lt.ioll of well scn.'Cii

value
:3 d

50 L/s
450 IIlIll

300 III

175 m

55 m

100m
;Li ill

55 100 ill

80. A soil of KJI'at depth "nd approxlmawly uniform
pprmeability io,; to be drailll:rl wit·h drains uniformly
spacro wit.h inverts at 3.5 UI helow the water table.
The water level in t.he Jrw.n.'l will be al thc cl1Jwn of the
pipe. Tllc ;l\'{~rage penucahilit.:y of the sandy soil is 350
lillYI', and groundwat.er will flow r<tdially to tire draln..s.
For a dminlength of 1200 ru IUlrl a draiu spa.cinf. of 100
Ul, the t.otal flow from f!adl druin L'l most nearly

tMw..--7f 300 mrn "-- flow.·:
drain

The c:odficient. of perwl'uhility of the aquifer :lli 1ll0l'>"t

uearl.v

(A) :200 x 10-6 mjs
(n) 400 x 10-6 m/s
(C) {jOO x 10 6 m/s
(0) SOU x 10-;; Ill/S

(A) 0.015 1ll3 !1i
(D) o.OZO m'ls
(C) 0.025 rn3 js
(0) U.030 Ill:!Iii
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Afternoon Session
Geotechnical

feachateO.Sm

~ntoniu' layer is 17.0 k.:'ll jm:1 with a moisture content of
18%, the Ilmonnt of dry hClItouHc that IIIUSt. be sprf>l'ld
for mixillr, on each lift is Ulosl Hearl)'

(A) 0.14 k~/m2

(B) 0.18 kN/m2

(0) 0.22 kN/m'
(D) 0.26 kN/m2

83. A landfill is :lOO III X 100 III III piau. The clay liner
h(l.... a. hpiralllie eondnc:tivity of 6 x 10-7 CllljS and ex·
perip.n~ an avcnl.~c annual leaebnte head of 0.5 UI as
shown. A sllhgmdl~ dntiu (pore: pressure is atmospheric:)
lies below thE' day liner. As.<lllml' om:-,lilllcLlsiOIlal Bow
downward fur the leachate. The ulIllual steady-staJe flo\\."
rate from this landfiU is Ulost nearly

original ground
level (displaced
by foundationl

rigid cap

2.6m_1 1.2 m

3.omL

., ,

{A} I fr'J m 3 /YffJI
(A) 12 llllll (B) 104

Ill3 jyeaI
(8) 17 !lUll (O) 1Of> 1113 hear
(C) 21 111111 (D) UP mS/yeaT
(ll) :ti lUIlI

silt ., = 19.5 kNJm3

2.0 ml
20ml

11.0 m

81. A rigid fOlmdatiou is supponed by fril"tiull piles in
dRyas !lhOWIl in the following pllm and elevation vit~\'"S.

Th~ tot.al load OIl tLe piles, reduct!fl hy the displaced
soil weight., is 2000 kN. TbE' SEttlement of layer 2 is
most nearly

4.5 m

r
.....
•••••3.5m •••••
•••••

I.

82. .:\ 250 ILlIll layer of soil benton it.•: will he placed
just beneath tlw ~L'olIJcmbraneliner of a propIN:d land­
fill. The soil lwntoniw layer will be pku:I~i in two 125
min lifts, lind the bentonite cont,flnl. will he 8% by dry
wd!!;ht. If the cOIllpacted moi!lt lInit weight of t.his soil

84. The groundwater table 011 8. pl'Ojecl sitR (E'Je\7I.tion
view show,l) will he lov.'f'.rcd 16.3 m. The groundw<\tcr
'·able is now at t.he l',TOlUlO slll'fa.l:c. ASSUlllC a soil mois­
ture cont,cnt of 11% ahOVl) t,hc Kt'oundwater table once
it, is low(:rccl. After lownillg, thu !It'ttlement of t.he day
layor will be mo.;!. nearly

PROfESSIONAL PU8LICATIONS, INC.
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30.0 m

8.0m

87. A clay la.rc.r 10 III thick (with double dru.itll~c) is
cxpoeted to ha'l."': lUI ultimate sd.t.lement, of 502 111m. If
tlll~ i'llJttlemeot iu 5}T is 12'1IUJn, the remainillg t.irne it
will take to re&:h n seu.lemcnt of 2':;0 mill is luost Ill~rly

(A) a}"!'

In) 10 y'.
(C) 15,)'1'
(0) 20}<

88. A ~'lloolh retaining wall holds back a unifmlll sand
La<:ktill as sLO\\'D. The distance of t.Le I\d,ivc resul­
tanl. fore-:: from the lJott-om of the rdailling wall is tuObt
m~llrJy

(.0\) 0.10 1Il

(B) 0.20 m

(C) 0.30 ill

(0) 0.40 ill

85. The permeability of a soil is e ..-a.luatl~1 in a falling­
head !>€rmealllctc.r. The head decn:1I.WS from 100 (;lll to
50 em in 211lliu 18 s. 'The body diameter is 10 eli. the
Htandpipe diameter is 0.25 em, and thu sample lengLh
is 6 em. Tile permcahiJiI.y of tbe aoil is most nearly

(A) 1>< 10-7 cm/s
(B) 2 x 10-7 em/s
(C) 1 x 10-6 em/s
(0) 2 x 10 6 CJll/s

86. A site consists of 25 m of clayey :illt that i" to

be consolidated for eventual placement of a large office
building. From a consolidation t.cst with a soil ~mlllple

."i.n r:JTl lligh. it ha.<; hef'n determined that the time to
achieve !)O% consolidatiou (of the soil sample) i:> 10 min
4G s. Assuming double dnlim\g;(~ for both t,he sampk ~Uld

the c1a.yey silt layer, how ll111ch t.illlP would be retluhcrl
to achie\'e 90% consolidation of t,he ~5 III clayl'Y silt
layt'.rY

(A) I}"
(Il) 2 y,

(e) 5 y'
(D) 15 y'

PROFESSIONAL PUBLICATIONS, INC.

(A) 2.9 ill

(B) 3.3 ru

(C) 3.8 ill

(D) 4.5 rn

89. A 100Ge. uatnral sand depooit has a satnra.ted unit
wdKht of 19.3 kN/md am.l}ill angle of intcrIVI.! friction
of 2W. The water table is at. the grouud surfaCE'. The
total flt·rcst. lateral el;l.rth pressure at· 11 depth of 10 1Jl i'l
most nearly

(A) 80 kP•
(B) )fiD kPa
IC) 210 kP.
(D) 240kP.

90. An artificial reservoir holds i\ l:tlll~tant level of v.o.­
t.er as shown. A compacted cla:r liner wit.h the ~ven

properties is used to l:ontaill the wilter. The true water
velocity (pore velodty) through th,' day liner is most
lleFl.rl.r
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- -~--~---- --_;y~ 93. A medium nniform sand has tlle gradation shown.
The sand has a dry unit weight 01' 15.8 kK/m". and tIlE'
particll-:ti have a. specific gravity at' 2.(j;j.

(A) 1.0 x 10-3 em/s
(n) 0.0 x 10-:1 em/::;
(C) 6.0 x 10 3 em/s
(D) 4.0 x 10-2 em/s

T11C estimated coefficient of 1Jcrnwability for this sand
is most nearly

(A) ;j.6 x 10 7 mm/s
(ll) (j.7 x 10-7 llllll/S

(C) 1.2 x 10 G mm/s
(D) 3.1 x 10 (j mm/s

. .
percellt finerS18ve sIze

sIeve no. (nun) (bY!llHss)
2.25 m ------_..._--

10 2.00 IOO.U
20 0.850 90 ..,., • . I

:30 O.GUU 9:1.0
40 0.425 ~B 2u .
,")() 0.:\00 42.9
7n 0.212 18.2

100 0.150 10.1
200 (1.075 1.0

1.00m

91. A sample 01' saturated clay has a total mass of
1733 g and « dry mass of 1'287 g. The spedne gravity
of tIle soil particles is 2.7. The total unit wei~ht of this
soil is most nearly

(A) 17.1 k~/m3

(B) 17.7 kN/m3

(C) '18.0 kN/rn: l

(D) 18A kN/lJr'

94. Tlw soil profile and the properties of each soil la,vet"
benf'ath a resf'rvoir are shown, The :;audy layer at till'
bottom of the soil profilP ha.s hori7.0ntal drainage and
zero pore pressure. The \....aler level of the reservoir is
constant, and tlle total area of lhe reservoir is GOOD
m 2 . Assuming venkal flow through tll€ &Oil profile. the
wat"r loss from t.he reservoir ill G IIlO is !JIot'l, nearly

y

;' ',: ~oit;i;;K);';2:Sxl0~4 rinTltSc
""" -": ,: ':K~"*,,:3,6x:IO:--5m:mis

3,0 m

2.5 m

92. A smooth gravity retaining wall holds soil ba.ckfill
with properties as shown, Disregard passive earth pres­
sure. The verlical pressure at poim A is most nearly

(A) 100 kPa

~ (B) 120 kPa.,
(C) 125 kPa • •

, l. . __ -,
' .. - '

(D) 140 kPa sand ':',:'
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(A) 85 w3

(H) 94 1113

(C) 1000 m3

(D) 1200 m 3

95. A ooncrete dam impouncL'i walf)!. Using tbe fiow
nd shown, th~ pon~ prpssure at. puiut A is most nearly

elev360 m

97. A long wall £oot.iug that is 2 Ul wid.., is ~itnJl.f·ed

on stiff. satumhxl day. The depth of the fuoting is 1
m. The day !la."}\ unit \\l:if,ht of IH.5 k1'4/mJ l:ind an
lmdrained Shl'at" strengt.h of 110 kPa. Loatfulfo;' is a:p­
plied ra.pidly enough that wl/trnined condit.iulL" pmvail
(¢ ~ U).

Usc Tel"'"l,agbi hCflr;ng capadty factors and the following
bearing capadt,y formula.

Tile 8hape and dl·pf.h factOr:'! ilrc

>'q! = ).1"" ---' 1

~=>'~d=l

-\~ = 1 +O.2~ t_au2 (45, ~)

),...,/ = 1+0.2~ t,an (45+ ~)

The ultinllttc b(mring capacity per uwt('r kngth 0(' foot­
ing is most m:arly

(A) 80 kPa (A) 300 k;.l"/m
(n) 105 kPu (H) 600 kl\/ul
(C) 125 kPa (C) 1000 k;.J1m
(0) 140 kPa (D) 1401) k~/UI

96. \VLat iH the effective area or the rectangular foot­
iug supporting a coucentrated normal force as shown'!

2.0 m

1.0 m

98. A ro{'k cor£" U. retrieved from a m;ll holl'. The
lengt:.J.l of the ret.'O\-'erm core is 1'13 em. There an' five
pic(."t~ 10 em or lUOL,(,: ill length, and the pi<.'t:l.'S hlLV(' fl

combiued length of 89 em.

The rock quality dcsig-natiou f\)r thi~ core is !HOSt. nearly

(AJ 0%
(B) 38%
(e) 72%
(0) 138%

99. A 0.30 In diamett..r pre<>l.ressed concrete pile luI.'>
been driven 6 III into a dl'lL';l~ sand deposit.. The soil-piJ{.'
friction a.ngle ill 25.0. TLe unit weight of the pn~tressed

concret.e pile is 2;) kN/rn:J, and '.he unit 'weight. of tile
sand is 20 kN/m3

• ANmme t.hat the crit.ical del)tb b
20 t.imes the diameter of tlw pile, and that the hori~

zontal earth pressure coeffic.i(mt for tension is 1.1. The
ultimate lJulluut load capacity of the pile i;; most TIPRrly

(A) lHi Ill:.! (A) 160 kK
(H) 1.8 mZ (B) 170k~

(C) 2.4 U12 (C) IflO kN
(D) 4.!'i 1Il2 (D) 100 k)l
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too. A soil profile hu.'l the jJfopertips ~h()...,rn. Tlle av­
('rnge perm:\n~nt verticaJ jJn·.ssure 011 the nonnally con·
f,()Jidnted clay layer is ,·x)J('''Cl.ed to incrUl.':il' hy 1:-«.1 kPa.
The (weragf' dfcrt.ivc overburden prr:s..,'l1rC at the middle
of the clay laYI~r i.s 2,10 kPa. The tot.al primary ronsoli­
dalion settl<:Im'ut ill moot· nea.rly

Ia.ycr to lwdL'rgo gO?;' of its ultimate primary l'OllliOlida­
t.ioll :iI:ttJemcllt. auaounl is most. nearly

(A) ".2 VT

(B) 5.~ yT
(C) 6.3 y'
(D) 7.2 yr

surcharge

t 01. The day soil showll uuJel'goe:> cou."Olidatiuu.
The pel'cent COIl1:lolidatioll at. mid-depth of t.he day 3 yr
aft.el' loading is most 1J(~arly

.'. '"
, .<.,',. .

.. , " ~ ,:~,,~;~,,;... , " ,:' .'",,'" '".'::" sand
, """':.,' :;'

100 kPlI

, . ,

o kPli.
35 kPa
71 kPa
100 kPa

6.0 m

(A)
(Il)
(e)
(0)

104. A soil hn.,> a wet 1luh wciglil of 17.u kN/m3 and
a moisture content of 8%. The specific gravity of the
solid particles is 2.72. The degree of sat.uration j;.; most
nearly

CA) 8%
(Il) 14%
(C) 28%
(0) 34'10

103. !I. day soil is loadeJ as ShOW11 and Imdt'rgoes 1;011­
solid'lt.ioll. If ouc-dimeusionalloading is assmm'll, what
L'l lUOht uearJy l.he excess porf' wflter pressure at mid­
depth uf thc day layer immediately aftcr loadillK?

.." .C·,'.;. :<"", '.
'''','' ,""": " , 4•• ',,: ... ' .•

, .' . "'--::'" .,.,' ",,:.. !-.. ";' ~'" sand· . '.'
. .\,~<:; ~'"., :,:,::~,'"

,.....

. . , .
,~:~·>V ';,':Z,," 2,~:,:::"': . '. sa nd 'y :' /;--~'~:':r~D:

..._--'~,< '.--:"__ '""._"~""."~';'-:_7"

6,0 m

(A) 100 mm

(0) 180 mm

(C) 19U~
(D) 200 mm

.,:.- ,

"

(A) 30%
(0) ~oo/c

(C) 70%
(0) no%

105. A soil has a. l?;I"ain sizl' distribution 1\S shown in
the sic\'{' amuysiM <:hart. (See acrompanying chart that
follows.) Thc eodli.<:icJlt· of cur....ature for this soil is most
nearly

102. A double-drained d3Y la.Yllf 20 III t.hick settles
18.2 em iIi:; yr. The coefficient of comlolidat.ion for this
cia;\-' i~ 4.3 x 10-7 m~ Is. The tillle f~~qlliT'ed for I,he day

(A) 2.0
(Il) 35
(C) 43U
(0) 450
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Chrll'f for Pmblr.ml05

0.(101

+tt+-t+-+Ittt120

0.01

,
~,tttjT:lli~"lH1:±;1Jtt!j:0

0.1,
grain diameter (mml

10

sieve analysis
~ 3 lU.S. 51andard sieve)

n-r'--iT'TTTy4n-1Of--lITm40-f-n-1Ol°:,n'OOir,m",- 100
H' I ----J+tH+t+t-fHH-+++---#t#++t-H- ittH-+----Ht-H-I90,

3

100

o

10 Ittttt+++--

L: ""1U++-+--Ir-tt+tt++-I:,'H,++-+--1- :: ~
~~ ~~
"l E 40 60";:: E
8 - ~ ~-0 I ~o

].z 50 1tI-H-I++-+-+ttfH++-+-+ttH-'kf--t--ttftl+t-t-t--ttfH+t-t-t--ttIit++++-+ttH-l50 e.:E
<:01 I COl

'~"i 60 =mt I 4() ~ .~
-> I &>
i::.o 70 ++-H- ttlf-t--+-- 30 ~
~ 1
~ 80

90

100
1000

106. A brru:I'd cut ill cla.v lift!! propeJt.il:!s and dimen­
sious n."1 ~howu in the illn....tralioll. The hori7.00ntal CCllt.er­
to-cellh:r spa,culjI, of the strut.s is 4.0 m. TIK~ load au the
hotwm st.rul (:-.tTlll A) 1"1 most w'hrly

(A) 80 kN
(D) 250 kl'l
(0) 3flO k1\
(D) ·180 kN

5.0mr- 'I

(A) 1!lO k"!
(H) 4-10 kl'
(C) 940 kN
(0) 1000 kl'

107. A 10 III lOIl~ precast eom:rete pill> is inst.;l.ikrl into
homogellt.'OtL'l saud. The pile (:1'055 ti<-'<:t.ion is 254 mm x
25,1 lIllO. The unit wei~hl of the sand is 18.8 kK/m:1.
Th<~ illtl'rnal frkt.iou cUigle of the sand is 35°. COJl:-,i.der
the crit.ical depth as If. tilll~ the \.... tdtiJ oft,he pik If the
earth pressul"(' coefficiellt is l.fl and llH' soil-pile friction
;'\1I~k is U.G1'. th~ll the t.ot.,\1 frietional 1"1'si:-talI<'c of t.he
pile ill the sUlld is IUU.~t Ilf!arly

108. A wall is supporting 11 horiwut.l.l forc(~ H.';. shown.
A.'ll'iwUC that the wall is slIJoot.h. Tlil~ total force pi:!"

meter of wall that the soil can slliItmn is llI~t nearly

p

1.0m

(A) 150 kN/m
(B) J95kKjm
(C) 480 kN/m
(D) 495 k!'l/m

109. A collsolidated-drained test (5-L.est) is perfurmed
on a sand sample. Initially, the saturated sand is con­
solidated in the triaxial fell I1mlpT an (~qual all-mound
prt~lITe of 200 kPa. l\'lailltainillg t,he ceU pressure. the
a'Cial :-,"tre5l; ill increa.'ICd 468 kPa. Und<lr lhi.'1 stress state;
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the bUmpl..: it; at failuw. The liugle of internal frietioD
of till' sample is wost nearly

(A) 0°
(B) :lO0
(C) 33°
(D) .~o

110. A layer of fianrl ha.<.; parlicles wilh a spedfie grav­
ity of 2.{i6 and a void ratio of 0.62. The buoyant. wlit
weight of tlw SlUld lli most nearly

(A) 1lJ kl'/m'
(B) l' k!\' 1m3

(C) 12 Him'
(D) 2U k:'l"/m3

A.FTERNOON SESSION 31

114. A collsolidateO-rlraineo test is pcrfonned 011 a
lIoTlllally consolidated clay. The chamber confining pres­
:-mrc is 280 kPa, and t.he deviator strC:;fl at failure is <110
kPa. Assume that ,.he normnlly oomiolidated cia}' has
110 drained cohesion (d ':. 0). The shear strt"SS on l.he
failure plane is ffiOI>'t. nearly

(A) 19(J kPa
(B) :lO(I k1'a
(e) 31m kPa
(D) ;J80 kPa

115. A saud has a minimum void ratio of 0.41 and Il.

maximum void ralio of 0..78. Its dry unit. weight is 16.5
k:-J/m:.l. If the specific gravit,y of the solids is 2.6;'), thc
rdutive density of this sand is most nearly

(AI (J..l(J
(B) (I.,iS
(C) (I.fi5
(D) 0.80

111. A (;OIlliuuous wall foot-ing- 1.5 UI wide supports a
lo.arl of 5% k)//m. The unit weight. of t.he soi.l bcueath
r.h.. fonnrlatiou iJ; 18.6 kKjm:l. The soil has a cohesion
of 14 kPa and an angle of int.(!1'lutl fric\..ion of 25°. If
the footiug is placed neaT t.he ~ronud stLrface, and if the
Tt:..~aghi bearing r.apac'i'ty ti\Ctofl> lUld formula. are lL'>Cd,

tlw fador of safety against. hl'llriUK capacit.y failure is
mtklt Im.rly

(A) (I.X
(B) 1.2
(C) 1.8
(0) 2.X

116. A wil Las tLe following properties.

liquid limi1.
plasticity index
percent passing no. 10 sieve
percent passinp; no. 40 sieve
percent passing nu. 200 siew

40
13
D%
87%
45%

112. A dry :mnd :"alllple is tested in a rlired. shear box
with a normal strffiS of 100 kPa. Failure occurs at a
shear sl,re5S of 63.4 kPa. The size of r,hf! r.f'st.ed sample
is (j cm X 6 em x 3 cm (height). FOJ" a normal stress
of 7fJ kPa, what slWHr force would be requircri to cauo;e
failum in tIll' sample?

The AASHTO classificat·ion and group index number is
most nearly

(A) A-5 (3)
(TI) A-fi (1)
(C) A-fi (3)
(D) A-7-fi (1)

117. CIIl.'lsi.fy a soil with tile following characteristics
usillf, the Unified Soil Cla~'lificatioll System (USeS).

(AI 0.17 kN
(D) 0."7 kN
(e) 2.8 kN
(0) 48 kN

113. A.n lUlconfincd-nooraiucd rompressioll test is COll­

dudf!tl 011 a da)' soil sample that. had an initial lleight
(If !U em and an initial d;amflte1' of 4.0 em. The 8lCiai
load lit failure is 0.43 kN, and the corresponding height
ifi 8.67 CIll. TLe undrained shear strcugtL of Lrus clay is
moot. nearly

(A) 80 kPn
(D) 160 kPa
(G) 18(1 kP"
(D) ~2(1 kPh

liquid limit
pla::.1.ic limit
G.
C<.
percent passiug 1 in sieve
pcrn:nt pm;..-;ing 110. " sieve
percent passing no. 40 sieve
percent passing no. 200 siew

(A) SC
(B) SW
(C) SP
(D) SM

55
20
12
1.5
100%
98%
45%
26%
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118. The adive pressure on the sLl."Ct pilp wall shtm-'Jl
is in equilibrium \\>ith the jlll..'i.!;ive pr~\lI"t~ and the an­
chor force. A'l.<;11me that the ~heet pik is smoot.h I1.nd
thl"J.t the resultant force actin~ on the pa.'isive side is hur­
izont.al and ading at point C M shown. The value of
the force per meter leugth of wall is mOb.. IlPaTly

anchor
tie rod ..

120. A COllcrctc retaining wall hItS the specifications
sllown. If )M-'isive resist,anee is iguorOO, the fact.or of
sa.fety against sliding is most nearly

(AI 1.0

(A) 70 k::-Jjm (E) 1.2

(n) 80 k..'l"jm (e) 1.6

(e) 100 kSjm (D) 2.8

(D) 120 kNjm

119. A mat. fonndatiou is 20 m x :n III in piau. 'flIP
total dNld amllivl.) load i~ .13540 kN. The depth needed
for a fully cOlIJlwn.sated fOIlIlllat.ion is most nearly

(A) 0.1)0 III

(H) 2.0 III

(e) 3.0 m
(0) 3.5 ttl
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Afternoon Session
Structural

N

300 Ibf/ft

I-
plywood diaphragm

t-

2401bf/ft

""

, 100ft 2 60ft 3

rl
-------'=-"---·I-·----"''''-----. I

24"

(A) ·100 ft-k;p>
(D) looll ft-kips
(C) 1800 ft-kips
(0) 2100 ft-kips

121. A two-lane high"',l}" hridge is canst.metro IL'ling

pn:cast concrete girflcl":i S!lllLW 7 fl on cent{'r. The ginI­
en; iln.' ~illl"ly suppon.ed ann !lpan 60 fLo The weip;ht of
?inl(~rs alld deck is SUdl that the dead load bcndiuj!; IU()­

IIlt:nt at the ('rilieal localiOlI for ucnding moment. is 500
ft~kip:s. If ,.he hri~e is dc;igu(."(i for AASIITO HS20­
,11 loading using hut (ador design. the design ht:nding
moment. 1\1. t.he critil:al location is mrx;;t, nearly

122. A rigid dillpbl'a~lII lrl:Lllsfers a lakml w1mj force
of 0.4 kip;;jft into II :iy~tt'11I of sll('arw7Lll<; whose relative
rigidities aga.inst Can'L'S ill tlw Ilolth directi.on are show"u
in the plan. Tlw force ill wall A of t.he !'iystCIIl is most
nearl}'

(Al 10 kip'
(0) 12 kips
(el 16 kips
(0) 20 kip.'i

124. A t,wn-story hllildiug is H [t [Will ground t.o sec­
oud floor and 12 ft from sl'(:ond floor to foof. The ex­
terior wall projeds .1 ft, above the roof level to creat.l'
a parllpd. Tlie exl.el'ior wall weighs l!) p~f HI(' s<:coml
£foor dead load is 30 psf. and the roof rlf'ad load is 20 psf.
The hnilding hi wuud frallled wilh plywood diaphra?;Hls
and 5hl~arwall.fI t'()sistiu~ aU lateral forces. The building
i~ situated in seismic perfofmtlllCe category D, where
the dc~ign ~pl'(;tl'ul respome a.ccelemtion at short peri­
ods i:s 0.6, the design spectra.l response acceleration at
one second period is 0.2, and the iluportance factor for
!;(~is:mi(' n:spol1se is 1.0. Assume the buildinp; qualifie~

fI..'! a ImiMing fn\lI1e s}'stem with Jight-t'rame walls with
shear panels. The seismic. base shear for KS l70llnd
motioll by the l>tatic force procedure of the IBC, Oil a
working lowl basis. is most nearly

40"

0.4 kipsJft

120 ft
•

Iwall B
I'"

wall D wall E
wall A

"'" (3R)
(4R)

wall C

I'"

(A) 15 kip"
(13) 22 ki!"
(C) 27 kip"
(D) :lJ kips

60"

,
120 ft

,
I ' . I

?
plywood diarra~m

60"

123. The roof fmmiug of a single st.ory coWllIercial
building c()llsbt~ uf wood joists ,mpport(~d by timber
beams and sheathed with ::l. propt~rly nailed ami block­
ed plywood diaphragm, Sdslllir lateral forces for f\S
ground llIotiUlI are shoy,'n. A~<;lllllt~ snflicieuUy rigid ply­
wood shcnrwalls 14 ft. high and 24 ft long are con­
:"1.rnet<'o at lill(~ 1, 2, and 3. The axial. corupression
amI. tension foret'S ill I,he sh<:mvmll oowldary members
at lim.' 2 under ~he gi\'f'l"I loading:; are moot· Ilearly

I
(
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(A) zr, kip.'i
(B) 4.'", kips
(C) (jfl kip~·,

(D) 80 kips

127. The cnmpouuu beam shown Las lill int~~rnnl hinge
(.:\.-1 - 0) at. I>oitlt B lind is simply supported on hingL~

or rollers at. points A; C, and E. The oniinat.e of the
influcucc line for the bending moment. at point, D. whic-h
is 12 ft to the righl. of support C. is JlJOtit ncarly

125. A.lI 8 in t.hi(·k bridge deck is made of reinforced
normal wcig"ht. ('Oll(:Tete. Il is suppuL1.l:d hy steel girders
spar'ell 8.!) ft Oll center, wit.h fil.lugc widths of 1 ft. The
h~nding lnOll1CUt, Ill'r foot of width. for dl'~l(1 \\'Pight of
the slab is 1 fl-ki"jft l~t the critical location. If the
bridge i~ f.O he \.h.'Sil(lILorlIL"iing lfi(ld fadar dClSign for an
AASITTO HS 20 lundinI'!:. ;md tile slab is coutinUOlL"
O\"er f.hree or more spans. thp design bending moment
pt'f foot width of slab iJ> most m:mly

A B C 0 E

~
• _I

,I.
;;J; W!T

I Bft 8ft 12ft 8ft 5ft

(A) I £t·kipsjkip
(8) :3 fL-kiJl~;jkip

(C) ,j f~.kiPS/kip

(il) 7 ft-kl",/kip

, ... •••

1 ft typical ----l I-
8.5 ft .1•

(A) fi ft-kip:;/ft
(D) "ft-kll~/ft

(C) 10 ft-kips/ft.
(fJ) 12 ft-kips/ft

126. The dl'('ular sha.ft showlI i/o; subjected t.o an axial
tl'nsion fOI'c-.e Jl at it.s fr('~ end Bnd a cumprcssivp force

of 50 kips £It, point. B, l\-nte t1ml Un; shaft is hollow
!)('hwml points A lIud B. Till,! allowable lIonnal tPllsiol1
st.re:,.,s i:s 22 ksi, t.he modulus of cla.~tieit.y is 29.UOO ksi,
and the illl:\XiUllllll }ilJowa.hle elongat.ioll is 0.04 in. The
ImIXiJllU1n al1owal>lI' valll(, of P i$ most nearly

128. A heam is simply snpported over a. 22 ft span and
overLilllgs the left support 8 ft. UnifonnJ:y distrihuted
dead loitd~ of 2 kips/ft and live loading of 3 kips/fl
are applied. TIm live lood i1'i positioned to prodnce ma.,,·
imnlIt shear. The absolute maximum shear foree a~ a
poiJl~ lIIidwll)' hct,weeu the simple SUPPOlts (point D/)
is most lIenrl)'

Ac==iBi=====B,,'=== C
i. 8 ft ;J;I_:""':'---"ft,---, :lo

22ft
•

(A) 10 kips
(D) 16 kIp,
(C) 20 kips
(D) :m kips

129. For the truss shown. the modulus of elasticity for
aU members is 29,000 ksi. The cross-sectional area of
tiIt: lIll'mbers is 8 in:l. The horizontal deflection at joint.
V of the t.russ is most nearly

o

.1
15ft

I.

3O.ps l
'0 ft

L--1-"-------' B I

20 ft

(A) '0 kips
(H) [:lOklps
(C) 1.;0 kl""
tU) 170 k;p~.

0.75 in

A B C.J

-::--- ~~:~:~:~:~~:~:~-~I~.!:~5@0~k~iPS~====~~'3 in

p 1-'---::;:-7-- ------=~--.I',-I
20 in 30 in
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(A) 0.01 in
(1:3) 0.02 ill
(C) U.lJ4 ill
(D) 0.08 ill

130. In the fmlJll' shown. the centroidal an'a lUowent
of illertm fur ench leg is 650 in4. The modllhL'l of elastjc­
itr of sta.:1 rciufurceluenl" is 29,lX)(I ki.PSjiIl3. Ncglceting
axial and ohear defonl131.ion, the r.onnterdod...-wi::ll' rota­
tion at juiut C is wost nearly

.:1 kipsJft

"1=====;hB

132. The pla.nFl trll!'S shown is properly da..'lsific"<.i as

(A) statically deterlllinate and stable
(B) statically dt::tenuillate and unstable
(C) !ltntically im.lct<:rminatc to the 1st. degree
(D) staticiuly iud(:tcrmiuatc to !.he 2nd degree

20ft

20ft

133. The two-spall continuous beam shown is sl,lhjP.ct
to a \lllifOnllly disr.ribul.ed Jr,wl of 3.5 kipsjft over hoth
spans. Supporl B e:l(periences a differential settlement.
of 0.5 ill downward relative to supports A and C. The
beam has a moment of inertia of 1630 in-i and modulus
of elasticity of 29,000 kipsjin2 in both spans. The w.a.c­
lion at n ca.used by the uniform load ann the differential

settlement is most nearly

(A) 0.001 radians
(D) 0.004 radiall...'!
(C) O.OOR nulu.\Hs
(D) 0.01 radialis

131. A pile group oollsi:;b; of 16 pilc~ of the same size
and type symmetrically mnmgcd as shown. The group
5upport~ fl, vertical Clllllprl'l>l:iive force. P, of .sOO kips
at an er.Cf!utrkity of 1.2 ft with I'L'Speci t.o t.he centroid
about. one prindpul nxis and Hi ft. about the other prin­
cipal axb:l. The TlImcilllllJU axial compression in a pile
caused by thi!l loadiu!1; is most nearly

3.5 kipslft

~
,_~_1"05i" .1

30 ft 30 ft

(A) 110 ldps
(B) 120 kips
(el 130 kips
(D) 140 kiJls

(A) 50 kips
(Il) 60 kips
(C) 80 killS
(0) YO kips 24 ft

25 kips

t

2B ft

25 kips

l

24 ft

25 kips

l
•

o ;.;% ;;J; ;L 0_

81
c 0

•
12. \4 ft 12ft: ,

134. The three-span continuous steel beam shown is
to be anulyzl..'tl for the ultimate (i.e .. , factored) concen·
tmte(1 forces of 25 kips at. the midpoint of each span.
I\eJ{iedinK lIlClIlOOI" weight (l,lJd assuming that strength
i:s controllet.l by the forUla-liou of plastic hinges at critkal
locatiolL"l, tlw 11..'quircd moment ca.pacity is most nearly

BOO kips

1.6 ft

9ft,

"I1.2 ft
• "

- • • • I.> p~

• • 'XL •
Y

• • • •.

.L • • • •

9ft
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(A) 70 fl.-kips (A) U.15 see
(Il) 80 ft-kjps (Il) 0.3 St~:

(C) 90 ft.-kip>! (e) 0.5 Ole<;

(D) 100 It-kips (D) 0.8 St;('

,--prate

138. A thin-wa.llcd steel pipe tl'l:ll1SPort.<; water at. a
pressure of 80 lbf/iIl2. Thew is negligiblp restmint 1.0

the pipe iII its longitudinaillirection. If the pipe outside
diameter is 60 ill anrl the wall thickUt~ is 3/" ill, the
r.hange in pipe Wamct.er Cl,UL'iCd by lohe int.crnal prcssme
i.., lllQl;t Ilcarl}'

(A) 0.005 in
(B) 0.013 ill
(e) 0.021 ill
(D) 0.01.", in

x
'L

139. A stC".~ COlllllUl sect·jon i" built· uy weldillg two
plaloCH 10 in wide by 5/" ill t.hick to dw f1auf,'ft; (Ir a. W12 x
106 w forllJ a doubly symmetrical SEKtioIl. The radius
of g:rratioll of the built·up section with resjH"cl to its
mll.jur principal axis is IU(>!;t nearly

137. A Ilormal 1I,...ciKht. pre:,trcssed CQu<:rde pile con­
tains four 112 in dia.wdr.r, 270 hi, conCi"lltrieally placed
"hands that have a 3500 psi mmpresRiYe :-.1.ress at l"l'-­

letlbC or prestr<~s. SLrull(l" are pl"t·tensionell to 200 ksi
elit:h immediatdr before being elll.. The scdioll is a
solid 12 in x 12 in gro'ls cross ~cdion. The los...; of t.he
prestrc~s due to elastie shorteniuf., in this member i:o;
lIJost nearly

(A) 5 kips/in2

(ll) 7 kips/in:'>
(C) 8 kips/in2

(D) 9 kip.''i/in2

0.5 kips

4ft

-+,
"

8ft

(1\) 10 kip.'i
(B) 20 kip:"!
(C) 70 kip,
(0) 120 kil~

136. An de\'a~J bulk stora.ge bin weighs a total of 30
kips ",11(.'n fined to capacity. The bin cnn he idealized
as a vcrti(:a.l camiltJver ~:rupj)orted by four steell'Olumns
that lire Iix~J at. the h<'l.<;(> amI tup. P.a('h column has a
moment uf ID<>rt,ia about it.S axis of hc'ndiug of 800 ill4.

und is Hj ft. long. Thl-' modulus nf da..,ticily of :-."k'e1 is
29,UOO kips/in2. :\.'*llmling linear p.lasl.ic Ix·haylor. dw
natural period of vihration for ulI<htmped lal,(~ml mOf.ion
of the bill L'i most Hearly

A

&

18.

135. A 0.5 kip weight is dropperl from relt from 4 ft
abovt' au initially straight., simply supported beam and
contact,"! the beam at midspan. The beam L"! a steel
&.'ct.ion with a moment of in('rtia of 1600 ill.! auout it.s
axifl of bending. Assuming' linear e1u:,tk behavior, ne­
gl(~tin::,( shea.r nefOl'lllation, And con~id~ring llw wdght.
rl... all equivalent. concentrM.l'd loree at the midspan, t.he
IlJa.ximum force exertoo on the beam is most. nearly

"--- plate

(A) •.9;n
(il) 6.2;n
(C) 7.1 in
(D) 7.9 in

16.

- ~I/

140. A \V21 x 55 ha:; ('()verplah~ 8 in wide hy 1/7 ill
thick s)'~nmetrically placed and weld('!"1 to its top and
bottorn flangf's. The s~:don is suujt.x::ted 1.0 t\ \"Crtkal
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5h('1'I1" forn' of 95 ldp.e;. A"iIS1UIJ.iJ..lg linearly c!a:,jtic belm.\·­
ior. lne honwnl.:u shear flow helween the ClJV(:! plate
l\od tlarw: is lll05t. nearly

.....ith specified COIllPfl~VC st.ren;:,'!h of 4000 l>.'>i. !'lull.
gm,lc f.iO. no. 11 rebars ar!' spN'.i.fied. Giw'l1 diaL tho
steel yi€kls wlt"n fil:xlUul failure occurs, the strain ill
r.he t.ension rcinfof(,('lU<:ut when bile compn~on lo"train
ill l-'Oucrele rp.S\.C'hf'S the ,JltiJmu.e ~lue of U.003 is 1II0l:it

Ileacly

I'
18 in

I

144. A reinfor(:cd nmcrete column has thrt.'C no. 9 re~

bars in carh fa.ce 1\.'1 shown. The conerd.fl i.,; lIonnal
w(~ight 'with specified comprcs.o;ive strml0:h of 6000 p!:ii,
a.nd rphars arc graul' 60. Under bfl.lfLllCed straiu conell­
(·jons. tllP total t:Oluprl'::>sioll forcE;' in the three rebars all
t.he compn~siou ~ide 1S most nearly

yL
x

W2l>. x 55

(A) 2 kips/in
(0) 3 kips/in
(C) 5 kips/in
(0) 8 kips/ill

141. A reinforced f~m(;n:tc rel.aini.ng wall is backfilled
with a t,'TanuJar mat<:rial that eXF,lns an active eanh
pr~urc equivalent to a 45 Ibf/n:l fluid. 'The backfill
is kvc1 witbout a. snrdlllrge, and the ~1,mll extends ver­
tkally from the top of the backtill 13 ft to the top of
the wall footin~. The cOIln-ele is norrnu1 weight with
spr'eificu eomprF!SSive strccngth of 4000 Ih'li, and grad!)
60 rdJar~ are spedfied. The flexural ~ted percentage i.s
Hptx:iOed t-o be 0.01. The required anm. uf reinfordng
skd t\~ t.he hott.om of the stem is most lH:arly

10 in
4 in

t
. .

" ,"

•
.•.

.-
.

no. 11 rebars

• • • • •
(A) (J.004

(B) OJlO5
(C) 0.006
(0) 0.007

28 in

(A) 0.;)0 in2/ft I
(il) 0.70 inz1ft. no. 9 rebars

2.5 in, (C) 0.80 iu2/ft. • •(0) 0.00 in2/ft

•,
I
•,

142. For normal weigLt COllcretl? lIsed ill reinforCf:!d
concrd.e slructurClS t,hat will be ('xp~l:'>(:d tu :seawater,
r.Iw ma.ximum water-to-ccmcllt.il.iol):'l-mlltcria.l:> ratio. by
wflip,ht, i:-; required t,o bl'

19in

• .-+-'
2.5 in

!-------~
1_._--==--_,1 t

16 in

nO.9 rebars

(A) 0.:13
(E) (UII
(C) 0.-15
(0) 0.50

143. A reinforced con('fctc be3.lH has a t,rollgh ill the
comprCSlrioll r~gion 1'\..<; !illown. C-ollCrelR ill nOlmal weight
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6in

66 lcips
•

1.05 in2

1.25 in2

. ,
1.45 III

1.65 in2

161n 14in

(Al
(8)
(C)
(D)

148. A combined footing coru,;tTlieted of normal wei~ht

r<'inforced ;:oncrele L-; subjected to COlll..'CntrateJ forr.es
from column reactions as shown. The columns arc 12 in
x 12 in, aDd the footing is 2 ft thiclc The maximum
bearing pn........'lllTe beneal,h tile footing. illduding the foot...
ing weight, is most llcarly

(.4,) 60kips
(8) 00 kips
(C) 120 kip~

(D) 180 kips

(A) 12 in
(13) 16 in
(C) 20 in
(0) 24 iII

145. A reinforced CDm:rr-tc tied collll1ln is ~lUhjcr.ted

to H design axial compression force of 1090 kip." that is
cOII('cntrically l~l)plied. Skm!emess effl~b; are neKJigible,
mul t.he COlUlllIl i;; 1.0 be dcsi~ned illIiuf, ACl318. Given
a spcdfied colllpressiw str(:ngt.h of 5000 psi, grade 60
rconn;, and a spl'(:ified IOIlKitudinal :ill)!!l ratio of 0.0'2.
the smallest SqullT(' colulIJ1l that. will support tbto load
has >;id;~ that ;)J';' most nearly how wide?

146. A n:illforced concrete t·ied ('olulnu is subjected
to a. design axial colllpf(~sion force of 875 kips a.nd a
desi;';:l1 Iwnding lIlonlPnt about it$ Sl.roug axis of 175
ft.-kips. The column's rross section measures 20 in x
1$ ill. sl>t.'Cificd COllJpn'S.'>;ve 6trcngt,h is 1000 psi. steel
~ wa.de 60, and l he dllita.nef> from cdge of column 1.0
Cfmt.er of stl'd in each facf' is :3 in. The l'equired a.rea of
longitlldinal steel is most nearly

(1\) 4.0 ill:t
(H) 8.0 in:l
(C) 12 in2

(D) 16in2

400 kips

2 h __ 'OC_-

2. ft

O.5ft-~

"T"
elevation

147. A reinforced ooncrete corbel is to he designed t.o
sllppnrt 3 fad.OIwl vertical react.iOIl of 6fj kips at an
P.CCelltl;city of 6 in, measured from the fl:U-'C of t.he sup­
portillg enlUffiU. The corbel L" (:lL.'lt ffiollolithically with
thf! colulllIl, whlcb is 16 in wiul..', and is of normal weight.
concl'C1tc with a !'IJl('(~itied compressive !'It-l'cllgth of 5000
p8i unn reiJl[orc(,,'(1 wilh grade 60 rebo.r~. The l''''4uired
area of the primary st.N>1 reiuforeement ill the corbel. in
aC«)r~hUle(' with ACI 318. is IIU~1, nearly

(A) 3 ki",/ft.'
(B) 4 kil'sJft.2
(e) 5 kips/It'
(D) Gkips/ft'

149. The CIDlt,ilevel'l.'d retaining wall shown r<!1.ains ~oil

with a unit weight of 100 Ibf/ft:1 that exert~" octive earth
pn~<;ure equivalent to that of a tl.uid wit.h \mit. w(j,V;ht
35 IhfJft3. Concrete i.. normal wdght. The faewr of
safety against overturning is motOt nearl}·
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'Oin
280 kips 280 kips

r-+-----,-,.".,.L-----,

151. A t\\.'O-span posl-tensioned concrete beam bas an
clft.'Ctivc prestress of 280 kips ill the ideal.ized profile
~hown. The rigidity of th':! member is 250 x 106 kips­
irl::!. The secondary downward reaction at support. D
induC'ed by the prestress is most nearly

_'ft~ (A) 0.2 in
3.5ft 2ft (tl) 0.5 ill

•
(C) 0.7 in
(D) 0.9 in

1.5 ft

8ft

(A) I
(Tl) 2
(e) "
(0) 4

A 10 in

40ft

(not to scale)

8 1_.--;;;;-;;----I
C
.1

40 ft

150. A rL'(:t,aujo\ular beam is preLensioned using six ill
in diamct.<:r Knldc 270 :;1,mIlJs jJOsiLioued as shown. The
hc<tm il'i 1I0luiulllly 10 fL 101lg. The concrete is light­
weight with a uuit weigllt of 110 lbf/ft:l and compressiw
strenp;th of 3f.iOO psi at, time of release. The prestress is
200 kips/inz hdore release and is 180 kips/inz immc~
liia.tdy afkr release. The area of prestressed reinforcc­
Incut i~ (6)(0.1.53 iJt:l), or 0.918 in2. The initilll midHpan

upward C/unher ill the beam is most nearly

(A) :~ kipli
(8) 6 Id""
(C) 9 k;""
(0) 10 k;.,.

152. The steel platE girder shown is compact aga.inst
loe-Al buckling in A30 ;;t.(1P'1. T1H~ pla.<;t.ic moment capac­
ity of tht) !i(x:tjol1 for bpnrlin~ about its strong- axiH is
most nC'AU"ly

1.51n 16 in

_I
I • • I

14 in -,I" • I

•
0.5in __

50.5 in

34 in

1 in

Iit; ••••••,
L

I. .1
12 in

l
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(A) 22(JU ft-kips
(ll) 2700 it-kip<
(C) 3300 ft-kip<
(D) 3YOO ft-kips

153. A stk'el \V-section is uniformly loaded to produce
bending: about it.:> strong: axis. The beam ~mpports a
ulliformly distribuled OCl'vice dt'!M load of 2.5 kips/ft
a.nd a service live load of 1.8 kips/ft on a 36 ft simple
span. Given that the beam L-; laterally supported only
a.t. the CllW and at midspwl, the mi\ximum value of the
bcw::ting coefficient t.hat may he applied for thio; heam
is most nearly

ASD option

(A) 1.2
(ll) 1.4

(C) 1.6
(0) I.S

LRFD option

(AI 1.0
(ll) 1.1
(C) 1.2
(D) 1.3

154. Two TA x 4 x 3/8 are v..-elded back to back to
a gm;set plate of A36 st.ef"J using 1/~ in E70 electrodes.
The minimum thickness of the gusset plate that will
develop the strengtL of thc two welds is moot nearly

ASD option

LRFD option

(A) 0.2 in
(il) 0.3 ill
(C) 0.4 ill
(D) 0.6 in

155. A WlO x 49 member of A992 steel is pUlil'1"wd
for end cOlUloctions using :1/4 in diameter bolts through
the f1.an~es and web as shown. Assuming there art) at

least three bolts in the din.'Ct.ion of stJL'!;,S, the alJowabk
axial teJ.L'iilc force pennitt....'d by t·he AJSC specification
is lU~t nearly

-~A -
1
•I

!- ;:rJ;~ -
ASD option

(A) 350 kip'
(E) 390 10""
(C) 430 kip,
(D) 520 kips

LRFD opt-ioll

(A) 510 kips
(D) 580 kip'
(C) fi50 kips
(D) 600 kips

156. A built-up compressiou Ulc;mber consL~ts of two
C12 x 30 s)"llunetrka.Jly arranged and joim.'d by r,wo
PVh x 11, one 011 each side. The member is Ilsed <'1.'3

a cohWln. loaded (:oncentrically, with effective 1()IIf.,....hs
of 22 ft about the x-axis and 24 ft about the y-a..xLc;. rr
A36 steel is used, the design I<»ld for t.he cohUIm i~ most
nearly

C12xll YA

L
x

12 in

..

(A) D.:l ill
(ll) D.4 ill
(C) 0.5 in
(0) 0.6 in
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40ftl 1111111111111 11111I11111111111111
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ASD option

(A) &':;0 ki1)6
(n) GOO kip.
(e) 6.:;0 kips
(0) 700 k;".

LHFD option

SOft
/ wall A

120 ft
•

wall C "\

(A) SUO kil~

(B) S7l0 kip::;
(C) 900 k;ps
(U) 950 kil:t';

157. A 2'W gilliam timlH:r 1>i'mIl (with arljIL""ro allow­
able beudiug: $tl't'::lI:J of 2'lOfJ p!:li) ~}'[lJlh 32 ft and is sim­
ply supported. The beam is braced lat.erally aloug its
rompression f1augc for half its kugth, but is not braced
laterall)' ovt'r the other half, 1:X1:(~pt at t.he support. at.
the eud of t.he LCIUIl. The 1)(~!Un L'I (:ullstmdcd using vi­
suall," graded ltuubt"1" lUlU it. 51!! ill wide by 22.5 in dcq).
It. is subjected LO loads of lIorlllal duration (i.c., 10 }'T

cmllulalive duration) and cnviroulIlcutal conditions sat-­
ist}ing dry US€'. Tbe ela<;t.ic modulus with respc<:t to Hie
weak axis is 1.6 x 106 psi. The maximum bending illO­

ment. that. can Le resisteJ Ly tllis lUClllbcr, IJa..;cd 011 the
NDS, is most nearly

lateral brace

320 lbflft

plan

(A) 10 ft. W 110 ft
(D) 20 fl. to 100 ft:
(C) 30 ft 1<> 9(J r,
(D) w ft tu 70 ft.

159. A reinforced concrete llliLo,;0IU)' wall spans Yer­
ticaUy 1~ ft 4 in frOllJ thc fin.t floor t.o thl' roof. Thl'
wall io,; nOll-I(JS\d-b~ring and is gon-mlxl by a wind pres­
sure of 20 Ihf/ft2 ncting inward or out.ward. The wall
has a SIJL'CitiL'C1 (:ml1pr(>ssi\,f' sl.reugtll of uuu>orrry of 1500
ILf/i1l2 wit.h spe<'ial inspect.joll. !lominal R in masonry
Ulut~ gr(JIIh~ solid. grade 60 rebars. mId hars cent.crf'Ci
in the walL The f(l(lilircrlll.rea. of flexural reinforcemcnt
per foot (If wall hy me allowable stress dl'8ign io; most.

nell.ely

roof

16 ft

(A) tiO ft.kipl;
lD) iO ft· kips
(C) 80 (t-kips
(D) 90 ft-kips

16ft

15ft4in ftt--j20 Ibf/ft

158. A rlil\phmgm iR ('onsl.ru,'I.M nsing SUudural I
grnck plywood nailed to 2 in nominal wide framing
in the p<"'\ueru sl1owll. Tile diaphragm Illm;t tnWM(:r
l:-\t<~ra1 ~wrvke wind of ;j20 lbf/ft toO three shearwalls.
The pl>-v.'Oorl thickness and nail pal.tern are adequate
t·o trarud"cr the lllAXinmm Rhear as a blocked diaphragm.
aud HI(' plywoorl ('(Ill transfer 240 Ibr/tt as an unblocked
diaphragm (with [asLcllcrs at their maximum spacing).
The larp;cst region bt:!tw~n walls D and C (as measured
from either ~idf') oYer which an unblocked diaphragm is
adequate is 1IKl5t ncarly

(A) 0.00 ill'/ft
(OJ 0.07 in:!1ft
(C) O.OS ill'/lI
(D) 0.09 in:!1ft

floor

!,
•

~••
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160. A WZI x 9J sl.eE>l girder :-mpporlillg a trlwPJing
("Tane i"l stnmgthened by welding """/4 ill covcrpliltes to
top and hottom flanges usiug 1/4 in E7U fillet welds. 'The
\\"elds fire t.:QutinHOIIS s.nd include tl',IlnSVf;lrse wd<L'I at the
krminalioll points, wl,ic!l occur :~ ft fr011l each end of
the girder. Tlw ginl!')r is expected to experience Il.ppro,,'X­
imat.ely [to applications of maximnm stress daily during
its design life of 25 yr. Fot" tllt'1'i(~ ('onditiolls, th., I';tress
rang€' in 1I1e tension f1an:;e adjocL-nt to (.he termination
point i.e; limited by thr AISC spcdtication to

j

(A) 9 kips/ill"
(8) 12 kips/iII::!
(C) 19 kilRl/in'l
(I)) 21 kips/in2

/ %ill coverplate

I!
W21X93 I :

•
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Afternoon Session
Transportation

(not to scale)

cemetery

PI '--- 424,239.72 N

;.--""~:::::::::::::::::""''''''!C 268,2498.69 EPT (closest point
to road)

h;u; coordinates 424,180.59 N i\nd 268.549.70 E. What
ils w~ nearly the <Iist·allce from the curve to the corner
of the cemet.ery?

PT'-
(not to scalel

161. The circular curve showo represents the center­
line of l\ two-lane rural highwa.y t.hat. passes trnough
level surroundings. The higltwar IUI.'! 12 ft hw~ and 6
ft shoulders. The arc ba...b dq~[\l(: of <:llrvatllre is 2°.
and the desigu speed is 10 mph. The poillt of intcr­
SN'tiOll (PI) is located at 423,968.68 N, 268,236.42 E.
\Vlmt 111"1' m~'t nrllcl)' the (QQrdinates. of the point of
t.angent (PT)1

(Al 424,297.26~, 2G8,715.97 E
(B) 424,298.78 N, W8,70•.80 E
(C) 424,309.47 N. 268,707.33 E
(0) 424,897.00 N, 268,13•.44 E

(A) 77.5 h
(B) 77.8 rt
(C) 78.1 ft
(D) 78.4 ft

162. Two tangents are colllloct-ed by It circular curve
a.'l ;lhoWII. The rir('ulltc curve represents t.he cent-edine
of a t\Vo..lmle rural highwa.y th<tt pa.'3ses through level
~urroullding;l. The highw.:l,y hR.$ 12 ft lanes with 6 ft
sho1l1d(:rs. 'J'hEO curve degree of curvature is 2°, and
trw dl'sign ;;p{:td if:; 40 mph. What is most nearly t.he
hearing of th(~ rndhlH line meeting the curve at PT'?

p,

_";N~3!32:·':;·d";"::':::~24f
PC_-----

(not 10 scllle)

PT-----

164. A circular curve is designed as part of a two-lane
rural highway that pn,~es through level HUlTOlllHiings.
The higbwll.y will hf.LVCl 12 ft lanes with 6 ft shoulders.
The design speed is 40 mph and t.he curve oegree of
curvature is 2°. A reasonable recommendation of the
resu\t.ing rate of supcr<'1ev"tioll is most. nearly

(A) 0.02 fi/ft
(B) 0.03 rt/ft
(C) 0.06 ft.jft
(0) 0.08 ['.jr,.

i

!,,,
•

(A) N ;~r,":~':«i" E
(R) N &4"&624" E
(e) S W2'jij" /;
(D) S 35"3'36" E

163. The centerline of a t·....-o--Ialle run..1 high",uy in­
dudes a circular curve fl.'! showll. Tb(l l~h.,.,1l.Y ha..<.; 12 ft.
lan~ widl 6 ft shoulders. The-- curve-- dCKH'C of curvat.llft'
is 2", and the Je;igll sp()t~d L"i 40 mph. The curve is in
the vicinity of lUI l'titllhlish(:d Ch':il War (:(~meteT)" The
point on the curve closesl. to lhe corner of t.hl' ('ClIll.'tery

165. A ruml two-lane highway p&.';(~s through level
terrain. The hil!:hw1Ly has 12 rt 1I1IIes with 6 ft shoul­
denl. The (ksi~n speed is 40 mph. What is most nearly
the approxilll.ak minimum required stopping sight dis-­
t.aoce?

(A) 92 h.
(B) 160 ft
(C) "10 It

(0) "''" It

PROFESSIONAL PU8LICATIONS, INC.
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166. The ccut,erlim: of a dr~lllill curve in a two-lane
roadway is shown. E3('.h lane is 12 ft wide, TheT€ is
110 lillonlrler. The PC station is sta 12+40, The curve
radju." is 2080 ft. The inkrior angle is 60°. Wllat is
most Ilt'arly the PT stntion?

e1H'''e rruiills

PC

(ilOilO scale)

~\Iperelevation

_---d('"rt)~__-'-((,'1ft)
22,920 NC
11,460 NC

7640 RC
,730 0.020
3820 0.028
2865 0.035
2290 0.040
1910 0.045
1640 0.048
1430 0.052
11-15 0.056
955 0.059

(A) st. 6+40
(B) st. 9+40
(C) sta. 11+:10
(D) sta 11+90

funoII in t.he eUl'V~

(ft )
2 hUlel'l 4 lanN;

o 0
o 0
o 0

150 150
150 150
ISO 150
150 lfiO
150 160
150 170
150 180
150 200
150 210

(A) sta 24+38
(B) sta 22+18
(C) 'ill 34+18
CD) bUt 48+18

167. lI. two-laM roodwa.y is t.o be superelevated around
a til'CIllal' eurvt: /I.'i shown. The a.xis of rotation will be
the ct:uterlillc. Tho criteria for the superelevation rate
and I'U1JOfl' length are given in the following table. Tan­
gent runoutfl III() twic.:e t.he runoff lengths listed. Each
lane is 12 [t wide, and t,h~~rc is no shoulder. The PC sta­
tion is sta. 12+40, Tho curve radins is 2080 ft" and the
interior o.uglc is 600

. Vlhat is most nearly the st.ation
of the beginning of superelevation transition?

(not to seale)

(A) 170 r,
(B) 176 rt
(C) t77 ft
(D) 178 ft

168. A two-lune roadway incllldCil a cireular cun.'e as
shown. Each Inm~ is 12 ft· \.\'i.de, and there i<; no shoul­
der. The cnrvf' Iflngt.h is 2000 ft, and the PC station
is st.it. 13+50. The roadway is superclevaterl arouud the
cur~·e. The axis ofrota.t.iQn is at the ccnterline. Th<: rate
of suverclcvllUon is 0.04'; filft, and the runoff length in
the curve is 1,1:;0 ft. The roadway profile i.~ on a (:(lIlstant

uphill grade of 0.750%. The elewttion of the centerline
at the PC is 170 ft. \Vhat. is most nearly the dcvl'l.­
tion of the outside (higher) edge of the roadway at the
midpoint along the curve?

{(10t to &CElIe)
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The peak hour fact,or (PHI") is 1Il0:lt IIcarly

169. The following traffic volume llJuut!l were taken
0111\ road during the peak hour.

(A) 0.28
(13) 0.89
(C) 0.97
(D) 1.0

(A) noD p<"jllJpl
(D) L110 pl..l-'hpl
(<;) 1170 pcphpl
(D) 1190 pcphpl

174. Tlu: approach tan~ent. to an equal-t.angent ver­
tical curve bu..'1 1\ slope of +3%. The slope of tlw de­
parture taugent iEl -2%. These t.wo tangent;l int(m,p.ct
a.t sta 26+00 and elevation 231.00 ft. A set of HlIbway
rails paSSN; below and perpendicular to tIw eurve at stn
28+50ou thl! departure side. The maxiIIIlllll elevation
of the railbL'l:I at t.hat point is 195.00 ft. Thc Icngl.h of
the verticalcurvp. is 16.48 sta. What is mOb..... nearly the
minimum distance between t.he railbed and tbe roAdway
surface?

(A) 1 yr
(B) 2 y'
(C) 3 y'
(D) 4 y'

(Al 2
(B) 3
(C) 4
(D) 5

173. A six-lime freeway with an ideal 60 mph fr<)('-.

flow speed passes through ruml Ilreeu;. A traffic study
estimates the (.'urrent lEi min passenger car cqllival(!1)\.
fiow rate to be WOO pcphpL The flow rate is exp~ctod

to JV"ow at a fate of 5% per year. Whitt is most nearly
the number of :reUrs before t.he freeway sl.arts opcratlnj!;
at capacity'!

195
163
157
178

volume (veb)t.Jm€ period
4:30 4::lf, p.llI.
4:46 ':;:00 p.llI.
5:01 Ct:15 p.m.
11:16 5:3lJ p.m.

170. A six-laue ruftll frecway has an ideal fnx,...80w
speed of 70 mph. Eacll laue is 12 ft wide. A few soc­
tion.. have grades b'Teatcr than 3%, but nOlle of tbCliC
S(:d.ioll!; are IOllger thlUl 1/4 mi. The directional ",:c(!krlay
vohunc is 2500 vph ill Olle dircdioo and is mostly COUl­

muter traffic. The traffic stream com;ist,s of 14% trucks,
8% buses, and 4% recreatiunal vchicles. The peak hour
factor from previous \'oluIllc st,udi€!I is 0.85. The 15 min
p~<;t';(mgl:r car equivalent flow rate, under the prevailing
mnrlitions descl"ilwo, is most nearly

-2%

Eve

I track
I cenfertine

v

minimum
distance

"h ~ "-

(not to scale)

+3%

171. Au ci~ht.-Iane freeway llC1LT an llrhl'lll area has lUI
ideal 65 mph frf'P.-flow speed. 'nero is an interchange
approximately every 2 mL Each lane L<; 11 ft wide. The
minimum dear rii!;tfLnce between ovcrp!.lSS ahutments,
curve rails, and ot,her roadside ob.'ltrudions is 2 ft On
both Elhoulders. A recent traffic stud.y ~timated the
15 nun paBscIlgt'r (.'ar cqllivaJent flow rate to be 1667
pcphpl. What is most nf'arly the level of scrvif"e (LOS)
at whid. the frl:-l'way is operating?

(A) LOS n
(B) Lose
(Cl LOS D (A) 5.0 ft

(D) LOS E (D) 17 it
(C) 26 ft
(D) 33 ft

;,
\,
• 172. A new fn~.'wIlY with an ideal 70 mph free-flow

~pel:'d is being desiglled. Tlw fn:€way will pass through
kvc1 terrain ill ::llIblUban areas. The interchange fre­
quency will he a.ppruximately one l~r mile. A tmille
study estimates the 11'1 min ~enger car equivalent
flow rat.e to be ISH j.)t,'phpl ba.wd 011 a six..laHc frcl..'way.
WI.ilt is 1ll000t nearly the millimum number of lalles iu
eael. dinx:tion needed to provide level of service (LOS)
C?

175. A rural collector highway includes a crest v0rtir:a,]
cnrve designcd to connect a 2% ~rFLrle with a -6% ~rMe.

The two vertinl.l tangents intersect at sta 32+40.52 and
elevation 456.61 ft. The design speed is [).') mph, and the
actual traffic speeds are expected to be dose to the de­
sign speed. What is most nearly the minirullllllength of
the vertical curve for minimum stopping ;light distAllC'e?

PROFESSIONAL PU.LICATIONS. INC.
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v

,
PI /1"5"

(not to scale~

178. A two-lane highwa.y is plallUt'd for 11. nnal area.
The hc>n7,ontalla)'out, of the LighwHy includes four sim­
ple cun-'{~. 'The desigl1 crit.eria for t.he simple curves
incluJc a design speed of GO mpll aud a ratf! of superd­
evatioll of 0.1. Que uf the simpl~ curves shown is lOOO
It long with Ii radius of 1100 ft. The simpk curVE? con­
nects two t.angents that. det1ect nl an ~UlgI(> of 45" ami
intersct.;t at. sta. 1500+00. What is l1Iost DNl.rly the dis­
l.anee from the point of interse<'t.iolJ of the two tangellts
(verl(,x) w the midpoint. of thfl CUl"\'l;:'?

2%

EVe

+2% -6%

(not to scalol

(A) 300ft
(13) 500 fl
(e) 700 fl
(D) 900 It

v

176. A wrtical curve oonueeb; t,W(1 bmgents. The IIp­

proach ttUlgcnt has flo slope of +3%. The slope of the
oepartul'e taugent i;l -2%. The~ t,W(l tangents inter­
se(:t at sf,a 26+()() uno elevation 231.00 ft. If the length
of t.he vertical emVI' is 16.48 sta, what is most- nearl,}'
the ple\'ation of thl' EVe!

1-3%

(A) IllO ft
(0) 200 ft
(e) 210 ft
(0) 250 ft

(A) 82 ft
(0) 84 fi
(C) 91 fi
(0) 460 ft

v

Eve
+1%v

179. The vertical alignment. of IL four-lane rurA! high­
way inrludes the \'£.>rtical CUl"\'e sh"wn, which (xmllecls
a -4% gracle and a +1% grade. The point of wrt.ical
ilJters(~d.i011 of the g-mdes OC("UHI nt. sta 28+:iO and has
au elc\'Ution of 2231.:U ft. The del>igu speed is 70 mph,
and tile length of the enrve is 900 ft. Whal is most.
nearly the elevation of l.he lo....-est point on tile CUf\'P

(the tnrning point)?

-5%

Eve

+3%
(not to scale)

177. A four-lane highway TnTIS north·south Imd passes
throug-h slIburbau IU'O/I.'l. The preliminary dP.Sign of
the nortb-boulIll laJle~ ineludes a vertieal CUTVP with
a leugtl10f 22.00 sta. The 1:1Irve connects a +3% v,r<.de
with a -5% grade. The two vertical l.augcuts iut<-.r­
sed at stu 91 +70 ano ck'vatioll 14.Ch:J.61 ft. TIl(~ dCb;gn
speed is 65 mph. What it> most nearly the ,,'tl\tion of
tLe highest point. 011 the ClU"VC the tUfllWg point'!

(A) st.a. 77+95
(13) i'lta 88+95
(C) st·a 94+·15
(D) ~ta 99+%

(A) 2221 I,
(fi) 2231 ft
(C) 2233 n.
(0) 223.\ It.
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lreehaul distance

total haul distance

stetion
Inot to scale)

(A) 89300
(B) 81l.000
(C) 824,000
(0) S60,OOO

•E,
gf-+----------+---''c------
.~,
E,
o

between two :otutions, Thl' ma..ximUJiI dil:iluHCC fur which
there a.rc 110 rvldit.ional hauling chargt'H is ,')00 ft.. TIJ('
unit COSt of excllvat,ioll Il> $4.J5/sd:l , aud the overhaul
unit COSt is $!),75/ydS IW.r St,l;ItiOll. \Vhat is 11llX>"t nearly
the o\·el"haul ..;ost for the two st.ations shown:

(A) 772 pcph
(B) 774 pcph
(C) 778 pcph
(D) 783 poph

181. l'la11s (Jutlillc l\ ncw funr-IMle {rrewa)' that, will
coillJecL t.wo cit.iu; thruugh a suhnrhan area. The free­
way ....ill s.::r\'C' laS lUI aJkrn<+.tivn t,o an existing ty,'o-Iane
minor arterial, whic:h ic; Mlfff'.ntly operating at capac­
ity. The frt't."V.'ay ....ill save motorists tra.vel time a.nd
will be safer thau th(: exi!'>1.in~ arterial The demand
function for I-ra\'el Oli the new lu~bway is rcprc:;ented
by t.be :it.raight liue in the finn. iIIll.'·,-tration. The IlSer

cost vcr vchicle. illdllrlin~ toll charges and delay costs,
is reprcscllted by the: supply (:llnre in the second iUus­
trar.ion. What is UIQ:it lIe:arly t.he expected nnmb€r of
vehicles to usc the ucw fn.'C....'U:o(?

180. A 7 mi mrnl t.w()-lR.llf.! highwi30.Y carries a two-way
volnn\(: of 1100 vph. The highway passes through roll­
iug t.errain. The Ilcsign includes II h lanes, 4 ft paved
shuulders, 40% lIo-rms.<;ing 7,onr.s, nnd 15 access points.
A tmffic h1.lld.y lull'; shown that thp rtirert,ional split rtur­
iug peak Luur~ is 60/40, and tilt· peak hom factor is
0.92. Tin: traffic: c:oII~ists of 5% trucks, 3% bUSffi, and
2% n:c:rclltiolllll vl~hide:l. The base free-How speed is 60
wpL. TlIc high~~t dir+!C:tional flow rate for the peak 15
w.lll pc.riocl ill pcph is most nearly

r C'c"'"'e"PePe'"yc'e""c"""'OO"'-- ,12

"lOk~:J
ii 8

6

" 48 ,

500 1000 1500 2<100 2500 3000

the demand function

ttaffie volume (veh/hrl

14
-;:- '2

"oo
500 1000 1500 2000 2500

183. Vt'hide~ arrive: at. the tkke~ gatt.' uf a parking- lot
at all avemgc m/.(> of 30 vph. It Lakes an averaK(' of 1.;;
min to get a tidmt aud driv~ through the gate. The ar­
rival dis~j'jbutioll i~ II.'islmlf'd to be Poisson ami tht' ser­
vice dist.ributioll is assumed to be exponential. There
is no space limitatioll for the vehicles ,valt.ing to gd Il.

3000 ticker.. What is most, Hearly t,hc number of vehides ex-
pertec! to be waitin!/; at the ?;ate (i.e., the qLlelie leugth)'i

(A) olle vohidc
(B) tlm..Jc vdli<:ll~"

(C) foUl' \'\lhidl!s
(D) flY{: v('hides

Iraffie volume lvehjhrj

(A) 1000 vph
(D) 1250 \'ph
(C) 1500 "'ph
(0) 17r.U vph

182. A highway nuder (:(lustrm:tioll requires fill and
cul based on lhe grouud profile. The following II1<1.SS

dia~l\m indicAtes t,he net acCUlUulation of cut and fill

184. A traffic ~t\ldy m'ell. rOllsist.s of four ;!;OUe::i. The
numbers of trip productions and atLraetiolR; for ca<:h
zone have Ul..,:11 de·t,('rmined in the trip generation pro­
eess as showil. A \:alihrntion process for the Kravit:r
model gives <:ulihrat.ioll vahlf'!;, F•.), which arc a fuU<:­
tion of (he tl'avel (,illle bt..>tW(",,(:Il carh wne. The c--iLlibra~

cion \-aJ.ues are showlI. The socioeconomic conditiolL..
are consider&.! to IJ(· thc same in all zones. What i..
most nearly t.Jw Ilmnber of trips that arc prodH<:\:'l1 in
zone 1 and ll.Hrw:l<xl to 7.one 3, using the gravity llludd
for one iteration?
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(A) 800 \-eh-Illin
(n) 910 vch~min

(C) l7lXI wh-min
(D) 470(l "eh-min

tran..,it

10
0.20
11
4':'

12
0.35

G
55

lmoo
dic;ta.rt~ (Jl.li)
t'ost per llliJc ( )
cxt't~S time (min)
:-'l)l't~ (mph)

186. The travel data. in tilt: following tabil: fplnte to
travl~l between two ?lones, :wIlt'S I and 2, using I'ither the
auto mode or the transit. mude in a suburban al'!!fI,. USC'
t.he trip interchall~e model (QH.S mdhod) to (':.;T,im,\te
the mock choice. The f'-xponent vllJne of the U10dpl is
a::I::IllIDro to be 1.5, mId t.he average income i:; $;lO,UOO.

lone 2

lone 3

12min

F,.2 - 10

lone 1

lone 4

(not to scale)

187. A rural two-Jane wad. has 9 fl Lmt~ a.nd 2 r~ tln~

paverl shouldcn;. A 15 Illi 1'iI::d.ion of t.ms ro.-.d has had
140 trl\ffic accident.s over the: 1lA.S~ 3 }T, 5% of \vJ.ich
have been futaI accidents. The currellt avcr~ge daily
l.raffie (AnT) is 14,000 vpd. A nearby de\1.~lopmellt i."
expet.:tt:d t.o 11lCfe1l..'lc the AUT on rhis secLion t,<) 18.000
vpd. COll!;tl'llction assodfl.ted with the develupment. will
improve the geonwtry of this section by a.ddinll; 2 It to

the cxi:.;ting lanef; and 2 ft La tlJP existing ~llOlllders.

These improvement.s an: e'.'(pech~l to reduce t!w t.ota.l
and fatal tmffic accident.s h)1 25%. What is nlQrS.t lIenrl)"
t.he fatal aeddent rat·c per 100 million wh-mi (H~·IV1l.'I)

subsequenf. t.o the development !Uld. geometric improve­
meIl.L'i?

\Vha.t i~ most ncarly the E'xpcdcYI perceut of trips by
auto, aSMlming 120,000 wor-kinK milmtes in a yenr?

(A) 0.6 fatal a.l:cidems/HMVM
(il) 1.8 fatal aceidents/H~lV.M

(e) 2.1 f::lta! a.ccideDts/H~.fVM

(0) 12 fatal J1Ccidems/H:HV1\·I

(A) 4:i'J(,
(R) 57%
(C) 61%
(D) 78%

mon

" 18 min
,,- "1 3

"" 11 min

5 min

7 min 2 12

7min

8min

"5
5 min

4

(Al ;]00
(E) 4:JO
(C) 740
(0) 1100

185. The following iIlustratiou s!lo'o'rs a highway net­
work consisting of nodes and liulc:;. TIle awrage tmvd
Limes Iw:tvr..een liub iU"C shown. Thc following t.able gh·(l!i
1,111' vchicle lrfwd frHm node 1 1.0 t.lu: nther nodes WI."'il:O
on an origill-t!l::.;tilll~t,ion(O-D) s.un'e:r. All t.he links lOOIl

two-way 1-raH'!. U:-;c' the minilllUlli trllvel time (uU·Qr­
lIothing) apprwlC:i.l to assign the tmtnr' volumes gcucr­
ah::d in zone 1 to all i1\'ailablf' links. What 1.<; most nearly
tilt' amount. of travd ill vchidp...miuul-t't:l for the link I)€­
twcen nooes 1 anti ,')?

(not to sealel

node] 1,0 lIodl' 1
node 1 to node 2
node 1 to l1I~dc 3
node 1 to I1ml" 4
nodf' 1 Lo nodc 5

traflk vohllueJveh)
o

100
80

130
115

188. An intel'~cction in a subnrhilll area rilL"; had 54
t.raffic accidonts ill 1 yr, of which thret~ were Catalano
l3 n':;;u!tl'tl in injUTi;~. The av{'ml!.;~ 24 hI' volUUlt)s en­
t.ering eaeh of tLc four approudl(~ to the illU:l1'IflC'tioll
are 1250 vpd, 2350 vpd. 7J(1 \'1111, and 1920 \'TN!. What
is most Denrly l.he injury accident rJlte per 10 million
veil elltcrillg t.he illte.Ncetion?
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(not to scale)

_______'~500""~ft _
1- , I

phase B, 11I1'sl"..- = 0.10phase A. (1I1'slci = 0.35

(A) 38 mph
(8) 44 mph
(C) 51 mph
(D) 60 mph

2500 pcph .. ..

2000 pcph .. 200 pcph X ..
~------300~Ph- ------ ~

'50 poph :/'" ~

192. An intersection loeated ill an urban area has !l.

four-phl).se signal. The fom phl.\.t'cs arc iihown. All
plll\.~:S <J,re assumed to have the same 10:4. t.ime of' 3 sec.
For eoc.h phase, the ratios of aetHal flows to &'lturatiou
flow, (t1/ S )ci, for all critkal lanes, groups. or approacht'S
nrc 1'l.1<;Q shown. The desired critical mt.io of flow r-O ca­
pacity for the whole intersection is O.!JO. "''bat is most
nearly thl" :,,'igflal cycle leugth using Highway Capacity
1I1anual (HeM) proccd.IITPS'!

curtl ::-=x

190. A curbed section of a two-lane road~
through au urmw area. The sect.ion is L.2 mi long and
40 ft wide (:urb to ('mb. F'.ach lane hi 11 ft· widf'. Parking
is allo\\'cd Ull both sides of lohe road. The traffic consists
most.ly or pa..~u.,;t;r f:ars. An on-street. parkill~ a:mfig­
urahon l·bat. uill.JiIniM:s interference with t.raflic lUOVl....

ment is desired. What. is most nearly the ma.ximum
number of l>arking ~·pnccs 011 this section of road?

(A) 22 ar.cirlents/l06 vell
(3) 57 accidenL<l/106 veil
(C) 230 accidents!l[J6 vel.
(0) 240 accidents/HI' veli

189. A parking garage ts tu he loeated in an urban
bllsinr~s 3rea.. The garage wilJ he open 6 a.m. to 1) p.m.
A total of 400 vehicles \\<jJ] use the garage daily during
the hours of operat.ion. 75% of thOSt! wlao usc the facil­
a,V willl..o(l (;ommnters with an averilgC varking duration
of ~ hr, f"lId the fest are expected Lo be shoppers with
an avera.ge parking d1\ration of J hr. The parkin,!'; cffi­
ciency~ W au:ouut for turnovers, is expedcd to be 0.8.5.
\Vhat will be lll()t;t. nearly the llumbt'J" of parking spaces
required to meel the parking demand?

(A) 210 gpacl'S
(O) 210 spaces
(C) 200 .\1>H(T'ti
(1)) 400 l:¥-\CL."i

·•

•

•,

•

,,,

,
•

,,
,

parking areas

•_._._._._._._._._._._._-- 40ft

•

,

parking areas

I ,
1.2 mi

(not to scale)

.1
phase C, (1I1'slej = 0.23

(A) 290 'pa=
(B) 580 SPaL,(~

(C) 700 ,paces
(D) 74ll 'paces

(A) 50SCf:
(B) 78 <cc

(C) 96 "'"
(D) !20 =

191. A w.:avinR sr:ctioll on a highway ihruuf{h all nr­
0011 area serves the trafiic- flows shown. Lane v.-idtJu.;
are 12 ft with 110 lat.eral obstructions. The Se(:tioD io.; 10­
eatoo in level t.erraw and hAA no average free-Dow speed
of 60 mph. The traffic Rows represent ideal peak .llu~

and are expresSt-'(1 in pm;Sf:ogcr cars per Lour (peph).
The weaving section i.'l 11.',;.'lUmed to operate in a.n un­
const.rained manncr. "'hat. if! most nearly the average
sp0ed of weaviug vehidcii?

193. An intersection located iu an urban area in It:vd
terrain is ::mown. The ma.ximulIl h1low1l.ble speed on the
1l.pproach roads is 45 mph. The width of t.he int.ersectioll
is 48 ft for all approaches. '1'111: avnrage length uf a
vehicle is assumcd to be 20 ft wit h a dec.eleratioll rat<: of
11.2 fl/se.::2 . The perceptioll-I~:lIctiontime of dri....ers is
2 sec. What it; most nearly the minimum yellow interval
at this Intersection'!
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,,4 6

AC (%l

"1"
~

~

a
•• 5.4-c

6, 4

AC (%)
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'"
~ 4
0
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1
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c
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(not to scale)

(A) 4.5%
(B) 4.8%
(e) 5.0%
(0) 5.5%

(A) The maiu rt'~L'>Ons for soil c'Ompnction illdmk
millimizing; future settlemenl alld increasing
soil strell~,h.

(B) Sheepsfoot. rollers all' dfective in wUlpading
cohesive soils.

(C) A soil sn.mplc with fill average CDR. value of
48 is cousidl~red a superior subgradc to a soil
with l\JllIverage CHit vnIne of 12.

(D) A soil dassified A-7-6 (20) is U.'lIlaJly rated
"good" tl.'f a subgrade ~u.lfl is considered suit·
able &S a subhll.<;t' material.

197. The HltL'itmtions show n:flults oLtuiucd \Ising lhe
Marshall mix method in desiguing; an asphll.lt-wllr:rete
mixture. \VhaL is most nearly the OptiUIIUH m;phalL
('.Outent for this mixture "befort' dl{~:king (lesign erit.cJ·ia
fol' lest limits'!

IDD-,,,

! i1
I,

! 1

(1\) 2.5 sec
(n) 4.0 "'"
(C) 5.5 St'C

(D) (i.O S(.'C

(not to scale)

194. \Vhich olle uf the following statemcllt~ is I\-OT
true ll.uout the geomelrie design of hOl'izoutal I:urvcs?

(1\) Reverse <:nrw~ are not recommended because
of the pl.l:'>."iihility of sudden c:hanges to the
a.lignment.

(n) Spiral (.'lUV(";S are uSE'll bctv."OC1l tangents and
drcular ('w'vc<; or het.....'ttll I..'urves.

(C) Compound c:urves cousist of two or more curves
turninp; ill oppcltiite directions.

(D) The most. common use of compound curves
in Lighways is for at-g1'udc int.ersections li.ud
ramps of intf'J('.hanges.

195. TI.npid-curill& asphalt is formed by cHt,ting as­
V1mlt. ('cment, wit.h whic:h one of {.he following diflf.illar.es?

(A) heavy di.-itillate such as dkscl oil
(H) light fnd oil or kerosene
(C) petroleuUl distillate that t:a!;ily evaporates,

such as ga....oline
(D) water

196. \\'11kh Que of the followillg Statements is NOT
lrue ill rdation to soils for hi!';hway CQllstrm:tion'!

198. A cure: is remo\'l:~J from a pavC'ment comainill,K
un :t..'iphalt--l.xJncrete paviug mixture dClliglll,() with 6%
asphalt cement. The 1Il~ of the core ill 12:1R.!J p; in <tir

PROf.SSIONAL PU8L.ICATIONS, INC.
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,

IUld 698.3 g sublllt.'rgcd. The maximum spccifif: g;ra....i1.y
of t.he mixlurc is 2.48, and the bulk specific gravity of
the combined aggregat.c in the mL'l:ture u; 2.64. The
w~rccnt. voids iu the mineral aggregate (VMA) is most
nearly

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

199. A roa.d \\"ill be COll....tnlct.ed in a rural arca whp.re
the traffic volume is expected to iJe low and the traffic
speed fUl>t.. 'fhfl wad is IOCllt(U at latituue 40.9°. The
7 d average hig;h air t.empl'raturc is 31"C, aud the 1
d average low air temperature is -25°C. The standard
deviations of tho hig;h and low temperatures are ±1.5°C
lIud ±2.7"C, respct:t.ively. The pavement surface depth
will be 19t1 nUll. Superpave™ procedures will be llSt:et

to desigu a louitilble asphalt mixture. \Vhat will be an
appropriate lx'rfonnaoce grtldc a."'TJhalt binder for this
projoct for 98% reliability'!

(A) PG 46-34
(D) PG 52-28
(C) PG ;S8-Hi
(D) 1'G (,4-:}4

200. A fip-xible puvcmcnl. for a majur arteriall'oud liiL"l

been desigul."'(l imd applied. Th<> following infurmation
is availilhle.

r.hkknE'$,<; layer rlraiIJag.,.1
material (in) coefficient coefficient
AC surfac{) course 6 0.400
untreatt.1.1 ~nmular

base 8 0.115 0.50
untreat-<:d gravel

subbase lO 0.0<..10 O.~

Amollg tlll: pavement>~ ot.her C'haral'1tl:ri~f.ics, the €'(Iuh"­
alent ~ingle :,LXle loa.d (ESAL) is 7 X 106; the staudllnl
deviatiOll is 0.45; the :SUbgTildt' resilil'Ilt !I1odnlllS is 10.50
lbf/in2; tho CDR 1s 20 for the subb!L"(~ and 50 fOI" tlw
base; and the clastic modulus of a:>phalt cOl]crele is
YJl),OOO Ibf/in2 . The p;wement st.rU(:Lnn~ i~ exposed to
moisture levels appruac:hing salmation for 16% of t.IlC
Lime. and it takes 8l-lproximat.ely 70 days for draillagl' of
waler. Tltc struclurall1umber (5 ) uf tllp collsl.ructc:d
pavement is most nearly

(AJ 2.8
(H) 3.3
(C) 4.2
(D) 4.5

PROFESSIONAL PUBLICATIONS. INC.
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Afternoon Session
Water Resources

201. The following tahle provid~ the t.est ft'Sults for
t·hE' discharge coefficient.s for st:ctiol1l. of a broad-crested
SViJlwa,v.

The te~t discLiarge coefficient for 11 hroad-cru;tcd desigu
i!l2.20 ftl/"l.jsec for a head of 10 ft,. Th(~ dw:harge for a
d()loli~ hend uf 16 £t aud a length of 16 ft is most Dearly

(A) 2UOO ft.3 jSf'C
(H) 2&00 ft.3 /Sf.':e

((J) 3000 ft' / ""
(D) :1!iOO ft3/"",-"C

3

L 4920 ft
D 12 in

L = 3940 ft
D 20 in

4.0 ft3fscc

'f9.0 ft se<:

'f13 ft M:<:,18 ft jl'iCe

(A)
(8)
(C)
(D)

Inot to scale}

1. The flow in pipe 1 Bow~ iulu the jUllctiou.

n. 1'hf> How in pipe 1 How~ ont. of UI<: junction.

111. The How ill pipe 3 is 6.0 ftJ Iscc.
IV. '1'lle How in pipe;} is 7.;' ft3/~~.

203. A.u outlet pipe from a I"l'l>el'vOir (square edge in.
ldo) eonsists of two SL'(:tiollS of (;oucrett.' pipe as sl.own.
The di'i(;hmge t.hrough a rotary valvc: (at point 3) is to
the atlllt':*>l,lwl"e. The water telllperature is 50"'F. 'What
is IllO:-;t m:arly the di:-;dlll.rgc througlJ the \"alve?

elev 426.5 ft f-----,k--1

204. The three-r('servoir system de5l.'ribed in t.hc illns­
tmtiun ami table is analy:ted Lt\SeU 011 the (lows at. lhe
junction of the pipes. !lHnor losses can be negleckd,
and the friction factor can be considered consta.nt at all
flows. \Vhich of lhe following statement•., afe correct'!

ratio of d(::-lign di:;clmrge
coefficient to test

discharge coefficient,
C/C,_
0.84
0.90
0.93
0.97
1.00
1.04
1.04
1.09
1.11

ratio or dE'Bign hpad
to test head.

f{ / H"
0.2

0.'
0.6
0.8
1.0
1.2
I.,
1.6
1.8

202. Whid..l of the following !It.,llten1fmts arc true with
regllrd to l'uCrgy dissipation bF!lnw fl r1am'!

I. If the upper conjuf!;atc dept.ll of au hydraulic jump
is below t.he tailwater, little energ,y will be dissi­
pated.

n. An upturned budu..,t will protect the dam from
srollr hy moving mat~lia1 toward the dam.

J11. A secondary dam may in('rcasc tailwat-er height,
therehy causing a hydraulic jump to forw aL l.he
toe uf tlat: maw dam.

IV. A sloping apron abuve streambed le\'el may be
u'*!o to control the Lytlrilulic jump so that it oc­
('urs Otl the "prull.

(A) 1. II. 111
(8) I, II, Ill, IV
(C) I, Ill, IV
(D) II, III

f----,!,--j elev 328.0 ft

elev 426.5 f1 f----ik-~

pipe 1 _~:J---p;;;:,-l-~--_.J
pipe 3

junction
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diameter pipe, and the (~uivalcnt lengt,h of the S\I('­

tion pipe is 1500 ft of 16 in dimneler pipe. Sll~t.iou and
ciischarge pipC'-s al'e l:emeut-lined cast. iron. Th~ pump
perfonnance dat,a are giV\m in the following tahle.

flow
dia.meter length fridion mea

pipe (in) (ft) facl.or, J (ft')
1 16 11,480 U.04 1.39£
2 12 2950 0.04 0.785
3 2U 5900 0.U4 '1.182

(A) I,m
(B) I, IV
(C) II, 111
(D) II, IV

flow mt.E'
(gpIII)

500
1000
1500
2000
2500

t.otal dynamic head
(fL )
9ti
8~

76
1)0

36

205. A newly developed 150 ue single-family rffiideo­
tial subdivi::lion is drained by an intermitt(,..11t. straight.
st.ream witJJ a uniform cross section. The area in flow
is a.pproximately rectangular, 4 ft wiele, and 6 ft Jeep.
The streambed is overgrown witL \\'€€ds and htu; pro­
jectiJl~ ~:;toncs. The l'ievation chanl';€ is measured Ii..'> 1.51
ft over a total length of 21 + 35.69 st.a. l'h(~ capacity of
the stro.:Jm1 wbcn flowing full is moot nearly

(A) 36 ft' jsec
(B) 59 ft'lsec
(C) 73 ft'I""
(0) 120 ft3Jsce

The pump capaeit.." nwge for t.h~· ~iven (;ollditions will
be most. l1f~arly

(A) 600 -1250 gpm
(B) 1100-1850 gplll
(C) lH50-1700 gplll
(D) Hi5(}-2000 gpm

208. For the condit.ion aL which there b no OO\V iuto
01' out of the r~voir at llode 2, whk.h uf the following
statements are trlle for t.he pipe llet.work system showD
in ~h(: illustration?

"

,5

, .
I, II, IV
I, III
I 1V,
U, III, IV

" elev 100 ft.,:.==:.

node 1 node 2 cod
pipe 1 pipe 5

pipe 4 pipe 2 pIpe 6

pipe 3 pipe 7 cod
node 4 node 3

'0

(A)
(D)
IC)
(0)

I. Tht: ptesBllCe head at nodt' 6 will be t.he water
surfn,(',e elevation at the reservoir (100 ft) minus
the pipe frict.iOIl loss in pilJt':s ti and U.

II. ThP ftow in pipp 2 \\-111 always be 2hQI'

Ill. The prffiSurc head 1'1.1. node 2 will b~ 100 ft pIns
th(' pipe friction loss in pipf> l.

lV. The t,otal hflad ioss ill pipes 1 aud 2 must ('qual
tbe total hcarlloss in pipes ~ lind 4.

(A) 1,11
(D) 1, n, IV
(C) 1, IV
(D) n, III

207. A (.lump statiou l:Icrvillg a small sllbdivi~ionwill
lift water franl a clear well uf varying ....'ater surf<l.Ce el­
c\-dtioll. The pump ""ill start at. elevation 100 ft and
:;hut off at eleva.tion 120 ft. The elevat.ion of the !Jump
(x~nterline is 90 ft, and the elevation of the discharge
reservoir is maillt.ained bt· a. ~onsta.nt IbO ft. The equiv­
alent. length of the discharge pipe is 2000 ft of 12 in

206. Wllieh of the following stntemeuts are l~irrect?

1. D€tentiOll bfL'lins urc characterized by ungatf~d

outlets.

II. Detention ba..-.ins are usually designed to control
short., high-intensity local stonllS.

III. Detentioll basins in th£' lower part of a river basin
have little effect ou reducing the flood ('ro~t from
a st.orm moving dow-n..,1;realll.

TV. Any number uf del.elltion ba..,-1us will havc little
cumulative effect in r~lllcing tJle lJeak dl'lcharge
ou the dowru;tr<;am section of a large river unless
rfltention is provided over a prolonged periud.
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209. A control struct1ll'e on the outlet of a storm water
retention pond contains a 1 ft diameter pipe set below a
rectangnlar spillway as S!lOWli. The spillway has a coef­
ficient of 0.62, and end eontmdiolls are suppressed. The
pipe protrudes 2 ft into the retention pond. Assume a
coefficient of disehar!/;e of 0.72. The water surface ekva­
tion, h, ahove the pipe centerline at which the spillway
and the pipe will discharge at equal rates is most nearly

213. A triangular channel with an interior angle of
90° carries a fiow of 200 ft3/sec. The a.ctmJ.! depth of
\vater in the channel is 3.2 ft. \Vhiel1 of tllP following
statements are trne?

(A) 2100 gpm
(B) :3100 gpm
(C) 4600 gpm
(D) 5100 gpm

(A) 6.0 fl
(B) !UI It
(C) 12 ft
(D) 15 It

(A) 5.2ft
(Il) -, I';1..) t

(C) 6.0 ft
(D) 6.4 It

211. A triangular culvert with an interior angle of 90G

provides an open channel for conveyance of flood ,va.ler
under a highway. At a. control stmdurf' 345 It down­
stream, the wa.ter depth is 5.2 ft for a flow of 400 ft::l /scc.
The channd is concrete lined and hll.~ a slope of O.31

;{.

Flow is not uniform. so it will he neccssary t.o compute
the If'ngth between 0.2 ft changes in water depth. Thf'
water df'pth at the highwa.y crossing is most Jl(~arly

212. A pump supplies 10 ft3/scc of water at gOOF from
a pit with a constant, water level a.t elevation 5000 ft.
Suction friction loss is 3.6 ft, at the operating point. TrlC
net positive snction head required (NPSHR) is 10.3 ft.
\Vhat is most nearly the maximum height. t.he pump
centerline can be installed above the pit water kvd to
provide a safety factor of 1.:3 against cavitRtion?

side view

_--"I

9000
180 gpcd

80 gpm in each wne

front view

(A) 1.5 ft
(8) 2.6 ft
(C) 3.2 ft
(D) 1.5 ft

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

design population
average annual demand
large industrial demand

(not to scale)

zone 1 zone 2 zone 3
1. The flow is subcritical.

avemge building
separation,
two-story single
famil.y

essential service
structures
(hospitaL
police, emergency
services)

25 ft

20,000 ftz
class 4

40 ft

50,500 ft,2
class 5

120 ft

40,800 f('
class 3

11. The flow is snpel'critical.

III. The water level is at the critical depth.

IV. The Fronde number is > 1.

V. The Fronde number is < 1

(A) L IV
(B) LV
(C) II. IV
(D) III. V

The minimulIl delivery capability that will best enable
t.he community to meet domestic and industrial de­
mands concurrelltly with the fire insurance ra.ting stfl.Il­
dards for any zone i::; most nearly

214. A rectallgula.r open channel ha..'i the following:
characteristics and How condit.iom.
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If a hytlmnlic jump tak(.'!l placI) at. the lI<lrmal <kpth of
flow, tLc c:nergy Ic)!:iS through !.In: jump i!{ most nearly

(Al 0.09 It
(B) 0.53 fl
(C) 0.96 It
(D) 1.8 fl

width
~1iM'_hal·gt~

cltallnd slope
Manning coeffiei~~nt

9ft
530 ft:ljst..'(;
0.004
0.01

218. Flow under a vertical gate (gate discharge coef­
ficients II! = 0.624 awl C = O.G(3) i"l controllf'd by ad­
justing lhe gate openiur;. For an up~tream water d<:pth
of 6 ft. and velocity of 10 h.jscc in a 2 ft wide rL'ctangular
channel v.--ith a 2 ft. opeuing l the dOV.rllstream free flow
velocity is most lwarly

(A) 5.0 ftjsec

(B) lU ft/"'"
(C) l,j ftjsec

(0) 20 ft/~"

215. A veutllri Uleter is to I-w calibrated agaim;L a tank
of kuown volume for which a discharge is timed. The
tank volume 1.-; 6.1)1) ft3 and i::l t.ota.lly c:mpt.i(''il in 2 St.'C.

The Veu.tlll; met.(~r chamd.eristic;s are i\,"l follows.

throat uiamet.er
numomekr Huid
hei~ht. of manometer fluid
temperature of water

6 in
llwrcury
~ in
50°F

219. All 8 in m steel pipeline carrying ga,";olinc, which
hill; a temperature of 600 P and a specific gravity of 0.80
(relative to water at GOOF), experieJ1(x~s a valve closure
in 1.2 ~<:. The pipeline has a wall thickneO!~ of 0.25 in
nnd j::; 2500 ft )0116. The valve dosure occurs at a flow
....elocity of 10 fli"S(~. The presl-mre rise that wHi ()UUf

is Inl)ljt nearly

(A) 140 Jl>li
(B) 190 psi
(0) 260 psi
(0) 310 psi

If t.he peak dis(:h/l.rge is 150% of the Iweragc: the ft(IW

coefficient of the meter i!{ moot nearly

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

216. A 2.5 III diatuctcr f'O!ll:rcte pipe ie, being ana.lyzerl
to determine it.s maximum disehargc ellpacity. The head
loss has heen determined to Ill: .1.5 III per kil(mletcf of
pipe lengt.h at 11 tempc:rature of lOoe when IIsing the
bc:;t condition of the pipe. The maximum discharF,c
t:apl:'Cily Hf the llipe is lIloot nCl\fly

(A) JO m 3 j$
(B) 20 m 3 js
(C) JOm3 js
(U) 40 1lI3 j5

220. \Vukr is rdeast'd from a widl' sluice gate into
(l. rcet.anguJar st.illing ha.o;in of '.he !l1I.lJIe wirlt.h. The
boltom of the oo..-;in is horiwntal a.nrl is oonslructed
of COlLl'rete. The average discharge \'docity i... 62 ftjf'R;C,
memmred a short diSLf!,nce tluwnst.J'()am IJ"Om the point
of minimum rlisdmrge depth. The minimUllI rlept.h is
4.08 ft. Beyond th<~ rnea."lIlt€lIll'nt. point. the depth in­
<:rease-:l p;radually. Some_where downst.rcam, the flow cx­
IJt:riencel a hydra.ulil· jump to llttain the dept.h of t.he
stilling basin. The t!c:pth of the flow just before the hy.
draulic jump is 4.57 ft.. The appro:xiUlat~ depth of t.he­
stilling basin l\fter tJlll hydnwlic jump is most uflarly

-4.08 It

221. The annual precipitation at st.at.ion C is jwing
u$(.'d t.o clUl.racteri7R a i:ltorm at this st·utioll. The statioll

, .

217. A culvert for B. highway fill is to cfLrry a peak dis­
dlllrgt" of 30 ft:1jbeC, at opt.iliuJII discharge characteris­
tic:;, lhruugb a 24 in, vCl)' sIIlooth cuncrele pipe with
a MAllJling roughness conlrtl\llt of 0.012. The minimulIl
slope that \\.'i11 w.:hieve t.his condition i~ most llC!U'!y

(A) U.008 fljft
(B) 0.013 ft/n
(e) U.018 [lift
(V) 0.020 fij[t

PROFESSIONAL PUBLICATION., INC,
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was moved in 1960. The a.nnual precipitation at statjoll
C and the precipitation at. a group of 10 smwlluding
stations are given in the following table.
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The relurn frequency of st-onus for lhis walershed can
be fouud from the following intensity-duratioll-frcquen­
cv curves. The returtl frequency of Storm Alpha is mosl
nearly

•

100 yr frequency
50 yr frequency

1'1 / 20 yr frequency
10 yr frequency," ~ ,/ 5 yr frequency

1'-
~ "- f::: f':::

T1

statioll C adjacent. 10 stations'
anIlual mean of annual

I}n~(:iI)itati(JIl precipitalion
year (in) (in)
1950
1951 25.0 30.0
1952 24,6 31.2

1953 26.3 29.7
1954 2.5.7 ;30.5
1955 '24.3 28.7
1956 25.9 31.3
1957 27.3 :~O.6

1958 24.5 29,9

1959 2:3.9 29.8
1960 22.5 28.3
1961 30.0 20.0
1962 31.2 21.2
1!l6:'l 2g.8 19.9
1964 30.S 20.5
1965 28.5 18.-1

10

8

(A) 5 yr
(B) 10 yr
(C) 20 yr
(D) 50 yr

20 40 60 80
duration (mini

100 120

\Vhich one of the following :;tatclIlcnt.s is true?

(A) Station C data is consistent with the group
of stations since the rate of rainfall accnnmla­
lions is consr.ant for both from 1950 to 1965.

(D) Station C is 110t consistent with the 10 sta­
tions due to a change in the rat.<' of rainfall
1}C(:11mlllll,!,i()ns.

(C) Not enough inform;ottion is given to determine
if stalion C data is consistent with the 10 sta­
tions data.

(D) Station C data. is consistent with the 10 station
data, even thou?;h the rate of change of rainfall
accumulation va.ries for both.

222. The precipitation at four min gau?;p stations in
a small watershed is given in the following table.

contributing

annual Storm Alpha water~h."j

precipitation precipitation duration are"

Hl.al.ion (ill) (in) (min) (ac)

A 40." 3.20 57 2000

B :12,}\ 2,70 57 2::;00

C 6(1,7 3.90 57 2800

D C>O.::l , 37 2-100

223. \\'hie11 of the following- statements arc true'!

I. Unit hydrographs arc hased on the 11.~SuIllption

that only tIll' total amount of rainfall varies from
;;tonn to storm.

II. COIl;;tructioll of a unit hydwg-raph requires an
overlalld flow hydl'Ograph and known values for
the area aud tiIlle of COllcentration of thc draillage
basin.

TTl. A synthetic hydrograph can be constructed for un­
gauged drainages using t.he U.S. Natural Conser­
vation Service curve number method.

IV. Tf a storm's duration is not. the same as or close to
the hydrograph base length, the unit hydrograph
cannot be llsed \.0 predict. runoff.

V. t,Tethods to develop a unit hydrograph for dura­
tions or stonns t.hat. are multiples of trw slonn
duration for which a unit hydrograph is available
indnde the rational method, the lagging storm
method, and the S-cnl"ve method.

(!\) I, II, I\'
(B) I, III. I\'
(C) 11, lll, V
(D) Ill,1\', \'
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224. A smail watershed L~ co\"Cred predolllinll.tely in
alfalfa during the month of May. The watershed has a
crop mefDdeut, k", of 0.35 and a Hoil coefficient, ks , of
O.BO for a soil with good watel'iu& ,.haracterLo;tics. The
mean willli ruLi in ~lay is 260 km/d: alltl the mean tem­
perature is 20°C. The mean relat.ive humidity for :May
is :\0% for the \l."aten;hed. The net radiation for May
is 250 'V/m2 . Th{'. wt~ightil1l'; factors for radiation and
vapor trall..,..port Me 0.7 aud O.~, r<,'spectivf>ly. The evuj)­
otrOOlSpiration for the alfalfa watenJled i'l most· nearly

(A) 1 lllm/rl
(B) 3 ffim!d
(C) 6 mm/d
(D) 8 mtu/d

225.. A soil permeation test. d<:t.eflliined a .saturated
hydraulic eonductivity ratc of 1 in/Ilr for a test appa­
ratus of 6 in2 of exw~d suil. A tot.al of 12 in] of water
was used in the soil ::-iuction test, which was conducted
for 20 min. The infiltratiun depth thllt would oe<.;ur for
the soil after 1 hr ....-auld be most nearly

(A) 2.D ill
(B) 4.0 in
(e) 8.0 in
(V) 12 in

-----

150 n along thl:' direction of a 6% l:llope. For it. wmp(~r­

ature of GOOF aut! a rainfall intensity of 1.3 in/hI', the
velocity of flow at the end of the parking sllfface is most
nearly

(A) 0.20 rt/~~

(Il) 0.80 r'l=
(C) 1.3 ft/St;C

(V) 2.2 h/"~

228. Precipitation data arc nnavai.labh .. at a proposed
devplopment area in a watershed. Howt'V('r. precipita­
tion data a.t four sLa.tions :,mrrOlwcling the dl'VelOjJlllPlit

are complete and reliabll'. The amilabl~ data are given
in the following Luble.

lQ.-yT, 30 min di'ltane<.: to
inteu.'lity development

station (in/hI') (Wi)
---;\=-----'C'f3."'2CL-- ---';Gcc·.3C--

H 4.6 4.2
C 2.9
J) 3.7

The estimatcrl 100yr, 30 min intellsity at tho develop­
ment would be most IWHrly

226. "Maximum talal precipitation data for il small wa­
tershed arc given in the rollowiIlK taule for 5 min and
20 utin suhdumtious Ilnd 10 yr or record.

.:; mill
suLdurat·ion

(em)
1.8
1.2
1.0
1.9
0.8
0.7
1.3
1.5
1.2
0.9

20 min
subduration

(em)
2.1
2.4
2.3
3.1
2.9
2.5
2.8
2.6
a.2
2.4

(A) 3.1 inJhr
(B) 3.~ in/hr
(e) 3.8 iu/hr
(D) 4.0 in/hI'

229. A natural diannel and flood plain ar~ shown in
t,he following illustration. Duriug: a flood. tIw rjvlCT over­
flows its banks into t.he eal'lt and west. portions of tue
Ilatura! floud plain. Tim river channeJ is in good condi­
tion, but. tile weol Hood plain is filled with ~tones ILnd
wecds l and the €l1.."it Hood plain is very POOl'. The chan­
nel aud Hood plain slopes arc F1pproxilill\tely 0.002 ft/rt.
DuriIl~ a st.c''Idy flow period whcH the water depth can
oc mea..mre<1 ru; shown, t.he total flood discharge iJ;; most
lIearly

For a 15 min duration sturm, the percent increase ill
intensity from a. 2--)T to a llJ-yr storm is filo::;t n(',mly

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

Wflt ..~-·:nt":,' -
II

.. ,
• . 4tJO ft

300ft 8ft

.J
1ft

t

227. ShL'Ct Row OCl.:ur.c:: across a huge. impervious pluk­
iug surface that is smoot.h and uniform. The surface is

{not to scalel
I. .I

SOft
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design
dernand

(A) 4000 ft3/sec
(D) 5000 ft3 jSf'f:

(C) UOllO ft3 /sec
(D) 7000 ft3jsp(:

230. C ntreat.ed water is stored in an uncovered mu­
nicipal reservoir with an average winter depth of 15 ft
>tno an average winter temperature of 40°F. During the

summer, the hnd surroundiur; the reservoir accmllU­
late.." wind-blown silt (approxinmtely spherical particles
with a specific gravity of 2.65) aud organic debris. The
first winter sturm wa.'dll's all of this material into the
reservoir. After the storm, the floating organic debris
is lluickly skimmed ofL leaving the silt in the water to
settle out. The water is considered clear enough to with­
draw when the largest particle in suspension has a size
of 4,0 x 10-4 ill. There is adequate storage elsewhere
t.o provide treat.ed water for 10 hl' aft.er a storm. The
maximum time needed for the reservoir to become clear
enough to be withdra\vn is most nearly

(A) 6 hr
(lJ) 8 h,
(C) 10 lll'
(D) 20 h,

231. The future growth of the community of Bountiful
is limited by ecouolilic amI. geographic fadors to a lim­
ited ::mtumted population as representeu by an S-shaped
grmvth curve. Analysis indicates the current. population
of 100,000 will grow as represented by a k constant of
-0.0055 and a saturated population of 300,000 for fu­
lure growth. The per capita water demand is currently
1.50 galjcapilal-day aud is expected to increase at 10%
of the percent population increase. The total wa.ter de­
mand in 40 yr will be most nearly

(A) 20 MGD
(lJ) 35 MGD
(C) '15 MGD
(D) 60 MGD

232. A water treatment phmt with the unit procC&scB
anu design criteria given in the following t.able is being
analyzed for deficiencies.

unit proce.';s design criteria raled capaci ly
screemng 1.25 maximum

hourly demand 300000 m3 jd
influent flow 1.5 maximum

meter hourly demand 14400m3 jh
flash mix 1.25 maximum

da.ily demand 20 T\Tcn
fI()e(:lll~lti()n 1.25 maximum

basin daily demand 2G,000 gpm
::;edimentation 1.;') maximum

ba...<.;in daily demand 2 x lOG galjhr
filters 1.0 nmxirnum

daily demand 50000 Ljmin
effluent flow loS maximum

meter homly demand 10000 m 3 jh
chlorine contactj 1.5 maximum

clearwell daily demaud 70 ft3 jsee
high service 1.0 maxlll1111n

pumps hourly demand 30,000 gpnl

The lIlaxllnllln daily demand is 1<')0% of the averng{'
daily dcmand, and the mfLximnm honrly demand is
200%. of the IImxilllllm daily oiemand. The annual aver­
age daily deAsign dmnand is SOO Lj::;. The unit proce::;::;es
that require upgrading to meet the oesign crit.eria are

(A) s(Teening, flash mix, filters, chlorine contact';
dearwdl

(B) flash mix, filter::;, chlorine contactjclearwell,
high service pumps

(e) screening, iniluent. flow meter, flocculation
basin. ::;edimentation basin

(D) Hash mix, filter::;, effluent flow meter, high ser­
VIce punlpS

233. The size of a raw water storage reservoir is de­
signed to meet 1\ 2 yr dronght rQmhtion v"ith negligible
precipitation. The strcam flow av,lilahlp for nse by thp
treatment plant wa." analyzed for the low flow condi­
tions a.~ shown in the following table for tlelectcd tlubdu­
ratioIlS. Also shown arc the evaporationjtleepage lo&;€s
and the de:;ign demands for th{' corresponoing snhdurfl.­
tions. The area of the reservoir after constrnction will
be,1 km2 .

avernge evaporationj
inflow seepage

subdllratiO!l rate rate nne

_--'c(d~)__~('iIl'in,"'O;/d~)~_~(,,,n",n~lJ jMm:lL~Q
7 0.120 :~O O.!J!l':i

30 0.150 120 0.990
60 O.lKO 250 0.9S0
120 0.240 ;300 0.960
180 0.560 7S0 0.940
365 1.800 1600 0.000
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The required volunlc of t.he raw water storage r~servoir

is most nearly

(A) n r-.lm3

(n) 5:\ ;\'fm:t

(C) 7611m:l

(0) 88 Mm:l

236. A clarifier for f1oGf:ulatt:d sedimmtaiioll is being
designed for a w.~ wafA'r treatment phUlt lUling a coag-­
uhmt X un the raw wali'r. But.['h set.tling t.ests wen' Jlf'r­
formed ill a 10 ft column. A gmph of ~llspeudcd solid~

rClIloval (u..-; j:>ert-..:nt) vcrslls depth 811d sd.tlill~ time:; is
shown. For a design flow of 1.5 }.lGO and u scale-up
fadoor of 1.0. what. arc most ncarly the diwm'ter and
th:pth, I't~,.pecli\'dy.of ll. clarifier lLI\t. can lJrovide 75%
removal?

III. The pH of the process wat.er is seldom ('ritical or
important in Oash mixin,!'; of coa,!';1I1anL~.

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

9

7

8

o

(A) 32 ft. 6 It
(B) "ft, 10 ft
(C) 42 ft. S ft
(0) 45 ft. 12 ft

1

,

lO'----'o--:':'---!c-'7--c'"---::-'--:=-'-'o-~"':"':~
10 20 30 40 50 60 70 80 90 100 110

settling time (minI

3

I, IV
I,1V,V
I V,
II, III, IV

(Al
(B)
(C)
(0)

n. Flash mixing of aniouic polymers COOl be com­
pleted in 2-3 sec because hydrol,ytic reactions are
Hot invohwl.

IV. '!'he sequ<~uceof chemical addition is impol1.aot iu
rapid-mixing opemt~n.s.

V. Ill-line static mixcfl; offer t.he advd.lltageR of effec­
tive mixing and constallt mixing time.

234. \Vhi~h of the followinA: a.re true with resped. to
rapid (fia.';h) mixing?

I.. Dispenl.ion of met.al coa.:,aulauts should be com­
pleted in a Inution of a secoun due to hydrolysis
of tbe l"Oagulaut..

237. A dual-media tilter has the chl\raetk'ristics giV(~n

in thc following table. Aswme each laycr is uniform.

235. A w<lt(~r treat,Tnent phmt lL'lC:S alum for coag\ll~.

tion-llocculat,jon at (l dose of 12 mgJL. The stoichiomet­
ric IIHt~;:; of alum sludge pl'UduN.'d b (JAG kg: of sludge:
per kg of alllm dost1. TLI.: mw water ha.s a t.urbidity
of .'l NTU, and tbe t.urbidity arLer Hedimcutation is J
NTU. Jar leot.'l and other st·udies detennllloo this \va­
tpr La.. H correlation !J"tv.eeu turbidity and suspended
solids I'f'rnoval, which is not !It;ually the rase. The total
5uspl'w'led solid;:; reUloved is a fimction of i1w tllrbidity
reruovcld ac-.:ording to the following formuJa.

~TSS in mgjL = llNTU L2

ImnUllL'tC~r

depth
SG
Iweragn Slze
pUroslty, {
tshnpe fU(;t.of. f/>

property

:land garnet
280 mm 1,00 Hun
2.65 4.20
1.0 mill 0.'10 mOl
0.50 0.55
0.8 0.8

A5 a t:oagulant aitl, 3 ~/I, of day 8.1:C added. The
rl"I1l()\·a!. effidcucy of the l'il.rlinU'utllt.lon unit. is 96% for
thlli nmge of turbidit.y. For a flow of 2 11,3/.'1, t.he 1Ila.-;s

of solids reru()ved Us most. IJCllrly

(A) 1500 k,jd
(Il) noo kgjd
(C) 3200 k.jd
(0) 4300 kgjd

For fl fillration !"ate of 4.5 L/i;.rn2 and l\. telll!WTatun: of
woe, the head loss throllgh a. dean filter is moot ncm'ly

(A) O.l2 IJl

(n) 0.18 HI

(C) O.2G III

(D) 0.34 !II

238. A c1earw~lI is to be di'>iorectcrl heron: being pla.ced
in i;ervice. The dearwf!ll u; 1000 m3 in volume. A 0.5%
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240. A 2 yr wt'lllbnUl€ lest to proollcc drinking water
from n high solid<;, brackish feed water yielded the data
in t.hc following lable.

The percent decrease in perfornlSlll(:c bctWL'C1l 2 yr "llld
3 yr (Jf operation would be nl05t ncarly

(A) fJ%
In) 7%
(C) 0%
(D) 11%

h.\1)oclllorit.e 5011ltioll is to be use.:.L 'The rna.,;!> of 70%
available dry hypochlorit,j' powder required is m(~1. llearly

(A) <OOIl kg
(n) .'SIlO kg
(C) 6,';()() kg
(D) 7000 kg

239. \VlJieb of the follo""iul', :-;t4\t.culenls are tme?

L Finalized USEPA rul~ Applknblc to wat.er treat­
ment design include ,.he Surface \Vater TreatlIwllt
Rldc; the Total Coliform Hnle; the Phase J, 11 amI
V Contamillalll. ru If'~; and r,jltJ LetiU ami Copper
null>.

'I J. Prilll.'try drinking we leI' :';tnnnarrb cun ouly be en­
fllTecd by USEPA.

Ill. ~oollda.ry drinking water standards can be Cll­

fi.)I ....xx.l by a star.e drinking wat.er I'€~ulatory at,CIlCY
if toLLe agency has appropriate state legal aut.hority.

TV. The rnaxiumlll contamilUlnt level for turbidity is
1.0 !'\'rU in a maximum (~f 5% of mOlltWy samples.

V. The maxiIIllUll four-quarter average primary stan·
dard for triha!olllethaues is 0.10 mg/L.

VI. ~licrobiologic<l.1 cont.muillation shall not ex(x:cd
Oll~ positive sample per mouth.

time
(h,)
lO

10,000
20,000

flux
(,al/day-ft')

24.2
7.0
6.2

•,
•
I

(A)
(Il)
(e)
(D)

I. II, VI
I, II, V
I, Ill, V
II, 111. IV
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STOP!
DO NOT CONTINUE!

This concludeI'; the Afternoon Session of the examina­
tion. 1£ you finish early. clu...'Ck your work atld make SUl"C

t.ha.t you Lav(' followed all iustnlctioll."\. Aft.er checking
your answ"Cf"S, you may turn in your cXIl.lUinal.iOIl book­
kt and (l.nswcr sheet and leave the examination roOUl.

Once )"Uu lea\'(:, you will (lot be f)€rmit.ted to return to
work or chaugc your n..DS\..-en>.

PROFESSIONAL PUBLICATiONS, INC.
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•

Morning Session

j CD OD © • 11. W OD © • 21. CD • ® ® 81. CD ® • OD
2. CD • CD OD 12. CD • © ® 22. CD OD • OD :32, CD • OD ®
3. CD • CD ® 13. m OD • ® 2;1. CD • CD ® 3:J. CD OD CD •
4. CD OD • ® 11. W ® OD • 24. CD ® • ® 84. CD ® • ®
G, W UU • ® IS. m • © ® 25. CD • CD ® 35. CD • © ®, CD • CD ® 16. • ® CD ® 26. CD ® • ® 30, W ® CD •
7. G\) • GD ® 17. • OD CD ® 27. CD • ® ® 37 CD • CD ®
R. • GD CD ® 18 CD OD • ® 28. CD • CD ® 38. • GD CD ®
D. CD • CD (ill 19. • OD ® OD 29. GD OD • ® 39. G\) ® CD •
10. CD OD • OD 20. CD • ® ® .'30. CD ® • ® 40. CD • CD ®

PROFESSIONAL PUBLICATIONS, INC.
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Afternoon Session-Environmental

41 CD GD • ® 51. CD • ® ® OJ. CD • CD aD 71. • GD CD ®
42. CD ® CD • 52. CD ® CD • 62. CD • CD ® 72. CD • CD GD
43. CD aD • aD "". CD ® CD • 63. CD GD CO • 13. • ® CD ®
44 GD GD • ® 54. m ® CD • "4. CD • CD ® 74. CD GD • ®
4f!. CD • CD ® 55. GD • CD ® 05. GD ® CD • -, GD ® • ®1.1.

46. CD ® CD • 5U. • GD CD ® Gu. CD ® • ® 7ti, GD ® CD •
47. • ® CD ® 57. GD GD CD • .- CD • © ® 77. CD au CD •L

"" GD ® CD • SS. GD ® CD • 68. GD ® • ® 78. eD • CD ®
19. GD ® • ® 59, GD ® • ® 69. CD • ® ® 79. • ® CD ®
51l. GD IT> CD • 60. eD • ® ® 70. CD ® CD • 80. CD IT> • ®

Afternoon Session-Geotechnical

61 CD • CD ® 9l. CD GD © • 101. GD ® CD • 111. CD • CD aD
82. • ® CD ® !:I2. CD ® CD • 100J. CD au • ® 112.• au © ®
8:l GD • CD ® !KI. CD ® • ® lOa. CD au © • 113,0 • CD ®
64 GD • CD ® 91. • CD ® ® 104. CD ® CD • 114,e ® CD ®
8-5. GD GD CD • 95. CD • ® ® 105.• ® © ® 115. CD • ® ®
1'16. GD ® • ® 00. CD CD • ® 105. GD ® • ® 116. CD CD • ®
B7. CD ® • ® n CD CD CD • 107. CD GD • au 117.• CD © au
88. GD • CD ® 98. CD GD • ® 108. CD • CD ® 118.0 ® CD •
89. GD • CD ® 99. GD ® • ® 109. CD IT> • ® 119. CD ® • ®
90. CD ® • ® 100. GJ CD © • 110-. ® CD ® 120. CD • CD ®

Afternoon Session-Structural

121.0 GD • ® 131. CD ® • ® 141.0 ® CD • 151. CD • CD ®
122. CD CD • ® 1:12, G) • CD ® 142. CD • CD ® 152. GD ® • ®
123.GD • CD ill) l~.CD ® • ® 143.• CD ill) ® 15:1. CD ® CD •
1:t4. CD • @ ill) 1:34. CD ® CD • 144.0 ® CD • 154. CD ® • ®
125.0 ® CD • l:j5, CD CD CD • 145. CD IT> • ® 155.0 • CD ®
126. CD • CD ® IOJ6.• ® CD ® 146. CD • CD ® 156.• ® CD ill)

127. CD ill) • ® lJ7. CD • CD ® 147.• aD CD aD 157.• aD CD ®
128. CD • © ® 138. CD • ® ® 148.0 IT> ® • lr..s. GD IT> • ®
1~9. CD aD • ® 119._ ® ® ® 149.0 CD ® • 1;';9. CD • ® ®
1:\0. m ® CD • 140.• CD © ® lW. CD • © ® HID.• GD © ®

PROFESSIONAL PU8LICATIONS, INC.
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Afternoon Session-Water Resources

201.0 • ® au 211.0 au • au 221.0 • CD au 231.. au CD au
202. CD • CD au 212.0 • CD GD 222. G) CD CD • 2:l2. CD au CD •
Zo::J.GD • CD au 213.0 au • (j[) 22.1. ru • CD GD 2:nCD au CD •
204. GD • CD au 214.• au CD au 224. CD • ® au 234.• (j[) CD au
2ffii. au CD ® 215.0 au • ® ::!25. CD • CD ® ~:~fi. CD • ® GD

'lOG. ill • CD (j[) 2iG.• ® CD ® 226.0 ® CD • 236.0 • CD au
207. CD ® CD • 217.0 • ill au 227.0 • © au 237. CD au CD •
208. CD ® • ® 218.0 ® CD • 228.GD • @) GD 2:J8. CD ® CD •
209. CD ® • ® 219. CD ® CD • 229. CD ® • au 2:39.0 ® • ®
210.0 ® ill) • 2211.0 au CD • 2JU. CD ® CD • 210. GD • © au



Solutions
Morning Session

1. The mixeflliqllor volatile slliIpended solids (.MJ-VSS)

67

2. The frllClion of slL'lpl:uded solid!l rCIDowu is

,

l!i

C is t.he con\:cntrat.ion of mixed liquor sn::.pended solids
(11L58). P is the pf'fCent volaliJe solid1'J.

c; - C"
fJ = =c;

= 0.70

mg mg
5()0 - - t5() -

L L
IllK

500 -
L

•

_ ( MLVSS) ( mg )X ~ 0.75 \fLSS 25()0 L MLSS

= 1875 mg/L MLVSS

Tht: inlluent. hiudLi./;radabl(' COD is

S. = inlim:ul con - lloubiodpgmdable COD

= 1800 mg 110 mg
L L

= 1690 mg/L

The cilluE'J1t. hiodegradable COD is

St - cttiul:lIL COD - I1olluio<l.egraduble COD
111~ I~

=200 - -IID-
L L

= HI) mg/L

The reaction time is

f)= S. -St
J<XSt

1690 Ill!,: _ 9U JIl)!;
L L

( O.G ~) (1875 m,) ( t g_) (90 me)
g·h L loon Illg L

= H>.8 h

The readol' volume is

V~QO

= (8 x 106:~.) (7.~ft;aJ) (15.8 hr) (~u:)
= 704.100 fta (700,OOO ft3

)

The answer Is (D).

The fiow t.o cfl.ch unit is

Q.J 15MGD
Qunlt = 1.01 't = -2-"'-

no. UlU S Ulllts

= 7.5 Mcn (7.5 x 10(, b't\l/dayl

Using the pilot plant. graphed result~ for 70% suspend(:d
solids It:llIoved, the overflow rate, v', i!'l 1900 galjrlllY­
ft,2. and the detention time is approximately 33 min.
The dil1ull'ter of each nnit is

IJ ~ J'Q.. '
,.------,--""""

(')(7.5 MGD) (Ill" itr:)
• (1900 gafl ,)

day- t

~ 70.9 ft (70 ft)

The tauk volum(~ is

\/ -= ttl.Q

~ (33 m;n)(7.5 MGD) (10' ~!al(.) ( 1 ft' 1)
.• 7.48 ga

(
the ) (ldav)

x 60 min 24 h'r

= 22,978 ft.3

Tho delJt,h of each tank is

v 'V
d~-~-

A 1r1J2

(')(22,97" f,')
- 1't (70 ft)2

= 5.97 ft (6 ft)

The an.wer is (B).

PROPESSIGNAL PUBLICATIONS, IMC .
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3. Salmonella typAl, Giardia lmnblia, PoliovirlJS, and
EmUUlwcoo. ItMtQlytiC4 (organi.'irns 1, III. V. awl 'in)
me all pat.hogellS that eml be trallSIIliLku t.hrough UIC
wat~.r supply Ilud waslewlit€r.

Escht!.T1chiu cnli (orgaui.'im il) is a bacLcria commonly
present in wa."itewat.er and is lISed as an indicator or­
gfl.nism, but it is not typically oollsidenxl a pathogen.
How\)V(>r, E. Colj nUlcaus€ ~astt'Oenteriti5 (dimThea).

8pliuemtiJis natam (org:nnism IV) i" a. filamelltolls form
of uu(;teriiL that can adversely affcd operation of th<1
activated sludge proceSI'I, but it is lIot pathogt'nir.

Ceriodap}lTIia dubia (or~allismVI) i.<; t.il...: rlapllllid shrimp
used in toxidty t.estiug. It ii, nol 11 patlUlgell.

Pimephales pnmu:las (organism VIIT) is the fathead min­
uow I,l.'i('(j ill toxidty l.(:~t.ing. It is !lot a path~cn.

The snswer is (8).

4. The control ;;urViVA! is high for all of the species
k'Stt...1, so all rc:'>ults (:~ll bll considered valid. TIll) bio­
assay report ......ollld otherwi.'il· indicate Niguifi(:ant control
problems. 'The sp~iUl with the lowest JX'ret:1lt effilll'nt
result.ing ill no ohservcd effect l'Ollcentratioli (NOEC)
is Ccf'iodUI/h7liu dubia wit.h II I\OEC of 2.0% p.ffiucnt.
A chrunic toxicity unit is lhe reciprocal of the effiuenl.
dilution that Call$OO IlO una(;cepttlble effect on the t.esl
orgallism;; uy lhe end of tho:' chrouk exposure period.

The ehrouir. loxicity i:l

100% [00%
'= KOE.'{; =- 2.0%

= ,'>0 chronic toxicit.y uuits

For chronic prole<:tiou, the CCC must. not eXceEd 1.0
dlrouic toxici(y unit.. The CCC is the clrronk t.oxicity
divirled hy the chronic init.ial dilution (CID), which i;;
the dillltioll in thl' mixiug ZOIIl'.

cee = TV" "- flO chronic toxicity ull1t.a
'em 100 dilution

= 0.5 cbronie toxicit.y unit.

The CCC is ks.'i tlmn 1.0 chronic toxicily unit.

The answer Is (C).

PROIJE.S$IO"AL PUBLICATION., INC.

5. St.i'ltemenl I is fube. Zone 1 would ut: chHractt>ri:£oo
as lllCSOBaprohic and f(;preSCJlt.ali\~ of dilult.... l wa.">"ti'­

water, all inadequately trealt... 1 effluent, or a dl'gfaded
stream. '{ypica! of a degraded water hody in transition,
t!lis zone f/'veal'i tbe presence of SOlnl' DO, but at. a low
!l've! (4.5 mg) for natnra.! wal.er; a somewhat ekvatt.-d
level of BOO (3 mgjL); and high {.Qta] coliform OOUlllS.

Stalement TV is falsl~. Z<me 1 would be eh<'l.l'Ucteri:l:cd
a.s nl(~osaprobie and repre~nt.'i 3 dl'gradcd Stl"t>Rm in
transition. Zone 3 is highly polluted water that wouln
lx~ characlcri7ffl a.c; polysRprobic.

Stnt.eUl(:nts U and ITl ure t.nm.

The answer Is (C).

6. Twent.y percent of the delivNed solid WfU,t.e (5%
nloisture and 15% c~fied mat.crials) is removed prior
to entt.-riug t,he fnmaec. The balance is 180 t.olL'i/da:y
P(~I" power mOO-uIe. There are three power mot.l\llt'~~.

The solid wast.e brought. to the plfmt i.,.

111 is th(~ llwnber of power modules, C is the input rat.e
per moclnlt:, and F i..,. the fradion of delivereJ solid
waste that. L'l removed hefon") entering: the f\lrnR(:(~.

( LOm;)
(:J modules) 180 d 'lOd

IV _ __ ay 1I u]e
w'Ut6 - 1 ._0.20

= 675 ton::ljdf\Y

The population is

(675 !""") (2000 Ib~)
p= m = day ton

Po' Ihm
7 -p-c,~so~'~n~-''-IAY

= 1.93 x 105 people (200,000 pcnpll')

The an.swer Is (8).

7. ThfllotaJ 1Ila.%i of solid wuste gt:neratcd in 1 yr ~

m = NPo'D

111 is thH number of people, P., i:- th£' mass of soljrl Wal>"tR

gl:uemted P<'.T pcn;oll per day, and D i." l,hc (juratioB in

daY'-

_ (Ibm) ( oay,)
1ft = (20,000 people) 8 - -d :J1l5 ---

pC'fSQn ay yr

=-0 73,OUO.OOO Il>mjyl'
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The {,IInua1 in-pl1U',c vullllue of solid wAste i~

73,000.000 Ibu)
m '}T

V~.... =- -p ~ --'2Ol-,""'bm="'--­
yli3

= 60:83.1 yd3

The l-oefficient of retardAt.ioll. C•. is the ratio of the
velodt,Y of the cent.roid of the (.'QllI.llmluaut plume to the
~l'Olillt.lwatt>r velocity. The ,,"dodt:r uf the oollt.aminant
plulJ1e is

Vplume = C,.vporc

Try the ('Oeffiri(~nt of rdardation for mort> than 640 (I
travel time. Thp ..-dority or the phll1.Le is

The lUlnual soil \'ullllJle required is

V&Oil....c V..",R

R. is t,rw ratio of soil t.o solid waste.

~ (0.17) (8.0 x to

= 1.30 x 10 3 mid

3111)
d

Th(~ ammul ill-~Iace ma.'>s of soil nx!ulred is

n~il = VloOilP

Th() travel time is

1~ ::-,,-D_
V pI"",..

2UOO m
m

1 36 x 10 :l ­- <i

= 1.47 X lOll d

p is the density of soil.

( Ibm)fl~1 = (15,208 rd3) L30 ft:l

( It') ( ltou )
x 27 y(p 2000 Ihm

= 26,690 t.ons (25,000 tOllS)

The rl~ult that shows tile coefficif!l1t of rf'tardatiou~
ill the preceding equation is appropriate. because t·he
travel time is more than 640 d.

t =- (1.47 x 106 d) (;);:)

= 4029 yr (1000 .vr)

The answer is (8).
The answer is (A).

\

~ .;.,i •. I. :.".u,':,':/,;,:. ,.. .,.,
q/:~ ~;t~r:l~:<: ~nlDt.-::~¥~~;::::,;(::/,"# - ,- .__ .... , . --- ------------ "----

H v;'.~ . ,.:::.;~:,: ~~:loi;;~~~ili;f~;;:::~~::-

• 01"._-'• . -<0 ~ .;: •• :, ~ :,,:: ~: ••• : •• :_., •••• >.-:,,:::.

~~lili\~i~~r: :';'; ;'';, .,i;,::~!::;i:i\i:\if\:!;,::; "':::;.:'.:" ••'

9. Coulomb's equation fnr fl.dj\·C forc(C 011 :;oil should
be used to solvf! thi" prohlem.

" _ VC1'06ll
.po.... -

"

m
2 x 10-3

"\Jore = --6.~2~,--,dL

= 8 x lO-:i In/d

[:,.Ii
vII'......... = Ki = K-­

L

~ ( on) (~m -0 on)
0.1 Ii 2000 m

= 2 x 10-;1 mid

The pure "elocit,y of grollud'9l."U.ter flow is

8. Tlw gTO;;.,,\ velocity of groundwnt,er flow is

11 repr~.nt.s puro@ty.

PRO Fa •• ION A L _..~ ~U II Lie A T ION $, INC.
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e is t he !m~le bet....'(xm a, hori:lllnta\ phull' and thc int.E"­
rior face of the retairJing wal!. Since the retailliug wall
l'rnrfa.ce ill eontact. with '.he ::soil is vertical, (J is 9CF.

At the end of the consolidation process, th~ waLvr pres­
sure is the smnt' as before the placement of the fill.

sin2(til + 8)
k"~--

,.2. (~:ill(J+.p)Hin(6-.iJ)
sm8sm(B-S) IT. '(" ')'(3 (')

::illl u (j sm; + I

Il = 98.1 'KNjm2

f , kN
(1nlb:l = O"filloo - it :: 298 - i - 98.1

m

(
./""ill(15o~aO~)sin{:~OC'-110)

x I T Vsin (90" 15"')siu(1I';..+!l0'»

O.:HS

Thc !I.rtive force per Hnit length of wall is

(') (kl') ,~ - 18 -, (4,0 m) (<1,348)
2 Ill'

= 50.1 k)J/m (50 kNjm)

The snswer is (8).

Therdore, the in<::n~H.'*.! in eff(~t.ive stress at point A i-;

J , , kN k:'-J
6uA =- O"fille<l -, (1 = 199.9 ---:; - 99,9 -'2

m m
= 100 kNjm2 (100 kPa)

The answer is (e).

11. A properly drnwn flow net should he similar t.o ihe
one st.O\k"D, or at If'.ast ha\'p, approxinultcly the same N/­
tn-Np ratio. Do not. sp<:nd a lot of tillll-' t.rying to draw
a perfect How net.

TIm tlow ud shows t.mcc £low tuhf!S (Nf =­
heN:l drops U'lp = Il). The t.:ntire flnw is

10. lldore the salld till is plaeed 011 t.op of tile ~lt.

dcp(~it. the t.otal strt:.'l:;. water pr~ur<.~. and cffe<1:ive
SLfi'\'>.-; are, rC'hpccti",e1r.

( kK)
(1'-= '!M(ZA = Ul 013 (11.0 m)

= 198 kl\jm2

11 = "}""z", = (9.S1 ~) (11.0 ru - l.O 01)

;=c, ')8. I k.:-J' j m2

I k~T kK
(] --= 0 - 'U ----0 198 -;" - 98.1

m- m2

25.0 m

i
,

! impermeable beclrod:
"". ":,",'

3,1 m

I

;
, ,

3) and 11

•

Aft,pr plad/lg the .'w.nd fill on top ofthp, silt depn.~it> the
total stress becOllm,

0lill~d = (18 k~) (11.0 m) + (20 k~) (5.0 m)
Ill" HI"

, "
= 298 kNjlll

PRO"ESSIOMAL PU8LICATIONS, INC •

The answer Is (0).
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The change .in stres..s at 3 HI below the center of the
86 foundation i~

12. The Boussinesq stress contour chart may be u~ed

to solve t.his problem.

B B 2B 3B 4B

~~~"
I'--O.~p/ 1"- "" ""1\\ I V \ \ "-
p....O.lp

\ "t'--O.08p ....

/ 1\

'"t- 0.04p V
/

"'- O.02p /

/
/

/'
O.Olp

1/
/

V

V

/'
O.OO5p

( kK)
fJ y = O.3p = (0.3) 100 m~

= 30 k..~jIIl~

11 3 m

B 2.83 ill

=1.06

y :3 m

B 1.414 m
= 2,12

kK kN
.6.iTy = :10 2 - 38 2

m m,
= -8 kNjm (-10 kPa)

( k'l)
<7y = O.095p = (0.0%) 400 m

2

= 38 k"~-;m2

The answer;s (8).

13.

For the lOO k..~jm~ foundation hearillg: pressure,

Therefore,

Tlw resulting: factor from the Bou!'3sine!'3q !'3tress contOl1r
chart is O.3p. The resulting stress i!'3

The resulting foctor from the Boussincsq chart is D.DDt)p.
The resulting stress is

Therefore,

10B

9B

7B

6B

5B

2B

3B

B

4B

square foundation• I
B

I •

thr It colmllllload, iV, of SOO kN and a bearing pressure,
p, of 400 k.\Jjlll~, the width of the square footing is

o B 2B 3B 4B

11B

PROFESSIONAL PUBLICATIONS, INC.



14. Since ¢ is 0°, the Tnylor slop" stability charl can
be 1I.~cd to solVf) this prohlem.

· "
1·toe eI'eI,", , ·. • I ,

___________ eifel"
I 1 ,_._.___ .''''POl circlH '" , ,

1
I

,

Adz:r I .
f./Ii-I I ,· I", · I ."?,-wm

'I 'lore I I
,

I ,
~ ci'cles ,, \ ) \ f1,m baoi~ 0"-Ii · ' ,

i ii' ,

valu. " · o.',n{~ "d. "., ' , ,
· . 0] '"'"'f,' , •
~ 0:5 ' .

, •.
. ./.' 1,ll: :'.... " 1.5'

' .. ~.
• • • • o::los

• • t.' . •.. hr!L.: • • •. .. ' •· . • •..
~

-:: .".. . . .. · .

I"" ei'eI"
~ ,~ --d~'"

,/
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In this ca..'lC, t.he only force that t.cnds t-O resist overturu­
illg is the weight of the wall. VV. The only force that
tr~nds to uverturn the wa,ll is the active Corell, P".

The wall':-; angle of £riction, '" i:-; 0°, so t-he artive force
t:an be cult:ulated Ilsing the Rankine theory.

p. - !-vH2 '.
"-2' "'"

= (~) (19 ~~) (5.0 m)2 (1.:32)

= j{j k~/m

The active earth pfl»"1.rre coefficient i.Ci

'( ¢) ,(. "')ka = tim 45° - 2 = tan 45 -"""'2

- 0.32

The o\'enunilng lnolll.~nt per uuit l~ngth of WillI is
7D 50 50 4D 30 10

1

D

9 ••
~

9
~.,
c
3
~

7 •,
.~

6

5

" H ( kN) (5.000)L Af(.""rturni"jI; .:0 P" '3 = 76 m 3

= 126.7 kN·mjm

The weight uf the wall, W, is equal to 1V1 pins W2 •

l-V1 = ff D1'cum:mc

= (15.0 m)(1.0 m) (2.1 k~.)
m

= 120 k:'V/llI

W~ = 4HD'<,..,.,er«c

~ m(50 00)(15 00) (21 ~;)

~ 90 kN/m
TIIC rC.'li~t.ing momenl. per unit length of wall i.s

L ;\:lres\$~illl: = lV1Xl ;- l:V2J:2

( kN) (kN)= 120 --;n- (2.0 m) + !Xl --;; (1.0 Ill)

= 330 kN·mjm

The fas::tor of safdy agaiIlbt overtunting about the toe
(point A of thc iIIustcl'l.tion) can he ~xpre!lSCt.l as

330 kK.~

f'S·, E Afrcslsdllg 00
, OT = -,,- k;ll

L.- i\-foverturnlng 12(i.7··m

00
~ 2,6

The answer is (C).

PfIIOF.SSION .. L PU.LICATIONS. INC.

~~------

slope angle, II ldegl

&llm'll: Soil kIm-hemic._. ::';AVFAC rx,~ign !>'1aIL1lal D:\1-7.1, :\Iay

1982.

The depth factor, d, is tht: ratio of the vertkal rlislaucc
b..:tweeu the toe of the slope and the firm Lase below
t.he clay layer, D, t.o the slope lleight., fl (the depth of
the cut).

d
- D _ 3.0 m-----

H 6.0 m
~0.5

The Taylor chart showl'l that, for a dept,h factor of 0.5
and Ii 'llope angle, ,.-3, uf ,,),50

, t.ho HI-ability number, i\j'o,
. 5'IS . ,).

The r.ohes.i\'c factor of safet)· for the ::;lopf! is

(5.5)(50 kP,)

= ~9 ~~) (~.O Ill)

~ 2.41 (2.5)

The answer is (0).

15. A strengt.h envelope ClUJ be con_-rt.ructeJ. using tlll o

datA. given. Mohr'H circle e,w theu h(o coustmcted tau­
gent to 1.hl: stren~h en\.l~ope at point 2. as ShOWll.
"rom this arrangement .. tilt: major llnd millor priudpa.l
St.ru:iSf!_Ci are found.
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The answer Is (8).

100 200 300
normal stress (kPa)

= 13.:'1 ft

10ft 12ft

1 I
8 kips 8 kips 16 kips

~ ~ ~

_ :LP;Xi
:r: = L: F,

(8 ';1'5)(0 ft) + (8 ';I~)(IO f,.j + (16 k;ps)(22 fl)
R kip:-; f- 8 kips + 16 kips

17. The re8ultant is ~ ;,l2 kips for(:1;' located x from t.he
lefwIlt)/oit load.

(11 = 350 kPa2(13 = 95 kPa

200

••-... 100
•••L•

x

R 32 kips
\..--,,---l

The 8bsolute U1wdUI1UIl h('.ndin~ moment· oecun; Ulld(~r

the 16 kips load when l·he di.""lUU:c' from midspan to Hi
k.iv:- is CfJlLirlista-m. from milbipall to resultant. Thus.
the dUitAncc from mitbVUJl to 16 kips is

16. This vrobl~m requirCil 11.'lf' of thf> American As­
sociation of State: Hir.hwH.Y and Transportation Offi­
cials (AASHTO) dll:isificlltion t8-ble for soils and soil­
aggn;·ga.l.e mlxwres.

The perceutagL'l> of umu:TiaJ pa.."-'Sing the no. 10. DO. 40,
and no. 200 sie\'e::i 1U"l'

19 = O.01(I;2'~1 - l,l1)(PI. 10)

The AASHTO clll......-;ificatioll also contains a number in
parenthese:>. This nmnber is tho group index. For suh­
group'l A-2-6 and A-2-7, th~ AYOUP inrlf'x is

rile liqllid liruit (lL) ,mel plllJ;tkity index (PI) of the
mal~rial passing t.lw no. 40 i'lkvc arc J4 and 1:), rf;.­
speclively. ThOl'(:fllrc, working from left t.o right on t.he
AASIITO c1a.'>Sifbitiull dllin, the I1ppropriatp subgroup
for thii'l i'loil is A-2·t;.

,

40 ft

10ft 12ft

~22:...::ft,---,,-",13.5 ft f- =4.25 t
2

40 ft

I 1 I" "

8 kips 8 kips 16 kips

R

A B

7',~ l- 4.25 ft • /-
"

,
" "

45%
35%
28%

no. 10 (2.00 mill)
no. 40 (0.425 IlUlI)

no. 200 (O,On, 111111)

P:lOO 18 the percentage of soil passing t.he lIO. 200 8icvt~.

The group index is always reported to l.he nearest whole
nmnber. (If it. is calculated to be negative, then it is
repOrt~1 a~ :a:w.)

I, ~ O.OI(r"", - 15)(1'1- 10)

~ (0.01)(28 - 15)(1' - 10)
~ 0.30 (0)

Therefore. t.be filial AASHTO dn.....-ri.firAtion for this soil
is A-2-fi (0).

The answer Is (A).

The re3tl.ioll at the right snppon. is found by 8UlllIuing
IDOIJICnts about the left slipport.

L i11A = 0 = (Ro)(Sll I't) - (:52 kips)('10 ft - 4.2~J ft)

fin .:.... 14.3 kips

The hending moment IllltIer tht' 16 kips load is

,\1rnax = H.ljU

~ (14.3 kips)(40 fl - 4.25 fi)

"'" 511 fL-kips (510 ft-kips)

The snsWfff is fA).

P"OFESSIONAL PUBLICATIONS, INC.
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SUlIl IlI(,ments about. p<)inr. g. (Assllme dockwiSt' mo­
ment is posit.ive.)

20. The area uf one no. 10 har is 1.27 in2. The yield
stre.'iS of a grade' 60 rebur i" tiD.oon lhfjin2 . The tot.HI
compression are,~ requiroo to balance thc t.f'nsion ill the
rt<hars is

'This it; RTcater HUll! the art'-lt of the "'e-an>'" (i.e., of t.he
sides of the t.rough).

AlQP -0- (2)(5 in){4 in)

= ,10 in2

R,

I
9

FEo

18 kips

90"

c

18 kips

b

18.

B

't..1_ 18 kips

L.Aly = LT;Pj = ()
,

(~I ft)Jl,. - (18 kil~)(75 ft + 60 ft. I 45 ft) = 0

H... = :l6 ki~

Therefore. the (;orupres.sIOIl zone extenrb helow the
trough.

Ac - Atop 89.6 in2 - 40 ill:l
tl"" = --b-- = 22 in

= 2.2;) in

Pass a (;utting plane n>rtic.ally between panel poilltli C
and 0: COIL"ider the k·ft side as the frcc body. Tal«:
moJne!ll.'i flhollt poiut <:.

,
(20 ft)Pcv ~ (36 kips)(30 fL) - (18 k;ps)(15 It) ~ 0

rem = -40.':; kips ( 40 kips)

I

Fr
18.5 in

5in 12in,1-'--"""--I·~

• •

c;'•.•:: ::. .' .-. :., .

The answer is (C).

19. SjlHx~ the result1'Ult compre..<;sioll force acts within
die mirldlp: nne-third of the crD~S slx:tinn, lhe gross ero%­
S€d.ionall;wea is effertive in resisting t}le combiner! axial
and bCIldil1g st.rcs:-,(~.

four no. 10

x C~;~)
= 337 ft-kip~; (340 ft.--kips)

The d<'_'iign moment strength of l·be 5eC'tioll is ifJAfn _

Taking '.he moments of the internal eompressioll force
about the centmid of tcn."ion sleel gin:s

¢Mo ~ L¢C.(d- >.,)

(0 )( ~ps)( . ') . .).85 4 in2 40 m (18.5 III - 2 III

= (0.9) 4- (0.85) (4 ~~~b) (22 in)(2.25 in)

(
2.25;")x 18.5 iu - 4 in - 2

(110 kirJ:;)(5 in)(16 in)

8-;.381 ill4

(0.2 kirs/i1l2)

f~ = _~ _ P;c
110 kips

-
1024 in2

:. -0.208 kipsjin2

P il; the axial comprcssirm force, (~ is the e<:l:CIItricity,
ami (; is t,he distance from the ccntClr of the column to
the l:rlp:e.

A ~ bh = (:-J2 ill)(32 in)

= 1024 in 2

bll;' (3'2 in)(32 iU)3
I ~ -'-2 ~ "--"""2C'-''''-

--" 87,381 iII.!

The answer Is (A). The answer is (8).

PRO".SIONAL PUBLICATIONS. INC.
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21. AlIuwing 3 ill minimum cover plm; 1 in har (liame­
tel" fur the ~pHrl\tion hetw~n t,h~ no. 8 rehars in each
diret.l,ioll. t.he (;ffj~:tive footing depth is 16 in.

... .

The c:ritiC<\1 punching shear l'Cl"iwdcr i'l Ht d/2 from the
eolnmn t'&:e. Thus.

h" '- 4(h +d) = (4)(14 io + 16 in)

= 110 in

For ~;qllare (OOIUmlls, the controlling punching shear ca­
pfl.(:il.r is giVl:m in ACI 318.

aWn - ~1J..;J;bod

,-----""
~ (4)(O.7f,) 3000 '";(120 in)(16 in)

m

= :U5,4HA Ihf (.316 kips)

The de1iigll forc:e 011 I,he column is uniformly distributed
over tIll' 8.5 fr, X ttiJ ft spread footing. The punching
dlt~ar t!xdudel'; the distributed force within the distancp
d to (~vf!ry side of the column face. Thus.

22. The loct\tioD of the celltroid of the fa..'ltener r;rollp
i::; known from symmetry. The polar moment. of inertia
of tbl: f,roup is

l,,=l oz +Iy

(- . )'• i) III
~ (4) (3 in)' + (U in)') + (10) 2

= 242.5 inz

Tile statically cqlliVll.lent force s~tcm is 36 kips upward
through the centroid phUi a t'Xnmterclockwise lliOlllCllt

of (8.5 in)(36 kips) = 306 in-kips. The critical fa...tem:r
L'I all ext.reme fastener for whic.h the y-component. ad...'l
down nnd adds algebraiUllly to thp y-oompouent. uf the
din:ct furce. Thus,

R", ~ p ~ 36 kip.<;
n 10

~ 3.6 kips

R _ Mx _ (306 in-kips)(2.5 in)
m,- 1 - '125·'p "'" .• ill

= 3.15 kips

R ':"" My (306 iu-kips)(6 in)
...13 1" - 242.5 in2

= 7.f,7 kips

p;o 36 kips

B=8.5in
•

.,
~

..
~ • •
"

'L"
' ,'.:

• • " .'. . .
M

• • . ..

• x
S • •• ... ..
~• ,
• L

lfrJ
,
~

< :Ufj kjpR

111.. ....:. 5.49 kipsjfL2

( kiPS)J'", < ",,,AI < 5.49 ft2 (~0.5 fl)(8.5 ft)

< 396.7 kips (400 kip6)

w" (8.5 [l)(8.5 ")-
11 ill + (2)(16 in)

12 1IJ

"
The re:mltant is fouud hy \'1x'f.or addition of the OOlll~

pooents.

R. = JK!,I% + (Rmll + Rpl/)7.

= J(7.57 kips)"! + (3.15 kip.; + 3.6 kiptl)"!

= 10.1 kips (10 kip.'l)

The answer is (8). The aO$wcr Is (C).

.. .. O' •• SIO ..... L ,"UBLIC ... TIONS, INC.
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23. The l:!p-.xible diaphragm Ldlav~ as a simple hC1lJn
between tbe supportiug lihcarwalk The mro:imum
bending momenl oceun> ill the 80 ft span between shear­
~<uL" on lines nand C.

wL2

:Hmax = -S- ~

= 256.000 ft-lbf

Tlw mOUient is resisted by the dlOnL", which are nomi·
Hally 55 ft apart. Thus,

C = T = Mmax.
b

256,000 ft-Ibf

55 ft
~ 4654 lbf (4700 lbf)

._----_.-

The totallllunher 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) to the peak rate of flow
wit.hin the hoUT (PV). The valium! oHraffic thaI. pas..<;t,:s
eluring t.he busi~'"t 1» min, VI'; mi." is 750 vph.

The answer is (B).

28. First det.ermiw: thl-! density, D, from t.he giWll
equfttion llsing the giVClJ Itvtntge travel spee.:l of ,50 mph.

• HV HV
PH' ~ - ... ~.:..:...-

PV 4V15 min

(
24Q0 veh)

h,
- ---'--;,-----'=+.c

('I) (no ~"h)h,

~ O.1lO

Th6 answer is (8).

24. The :'vfohr's circle drawn for the stat,e of St.Tess on
allY two orthogona.l faces plots as a point at. (17,0). Thus,
the l'ooii of the stress circles arc IIll zero. which means
that the shear stress is ;tE'ro for all possible orientations
of the c1cIlll:nt. Hence, (.here call be IlO !4hcar slip in the
dcltwut. Pla."tic deformatiou (;1111 occur in steel only in
t,11lJ pwsenc(~ of shear stresses; therefore, ductile behav­
ior cn.nuot occur. Since the sheaf stress is zero under
Lhis lriliXial state of stre.ss l failure can occur only by
dettvagc.

ThB answer Is (C).
,'J' = uS mi _

hI'

JIn

0.42 k D
veh

IIIl

IIIl

25. Find the LOS usin~ the LOS criteria tables and
similar uXll" in the HGM. At tlte givcn frcc.-tiow speed
of 65 mph. the maxi.mum service flow rat.c (1350 pcphpl)
is greater than the maximuUl servi<.:c flow rate for LOS R
(1170 pcphpl) and less than the maximulll s,~rvice flow
rate [or LOS C (1680 pcphpl). There[ore the frecwlly is
considered to be operating at LOS C.

ThB Bnswet' is (B).

26. 111 It thro:!-leg intersection, there f1.re three conflict
points for each of the conflict types (crossing, merging,
and diverging).

PROFESSIONAL PUILICATIONS, INC.

U.42 J!L D
veil

D = 35.7 Vplll

The How rat.e can he eakulated using au HC:\!
density equation, givcell t.he b-peed and densil.y.

v
D~-

S
vch \'

35.7 -. = .
nll .0 IllI, ­

hl"
V = 1785 vph (lSOO vph)

The tmswer Is (B).

traffic
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( 1Yd')
27 ft.3

•,

29. Option (A) is false. The aVCl'llg<: daily traftie (ADT)
is I.he a\o1:!rao-e of 2-1 he COUllt.'l c.:olJcctt.:d OVPJ a numhpJ of
days greater lluUl one Lut less thnu 365. The given def­
inition i.s for the aru.tual a~rage daily traffic (AADT).

QpLtou (H) is fal'il.:, h..:-r'.a1l:iC t.rnttk control devices such
as lmffie lights lUid st~IP sign... usually C3Use fixed delay
Oll roltdwa:ys. The eansc.'i of operational delay include
tm.flh; :-lid(: frictioJL"!.

Option (C) is true. Spare Ulean ::IPt..w is always lCR'l
t.han tim@ mean speed.

Opt.ioll (OJ is faL<;e. TIl<: Hrst. [)a.l't of t.he statement is
correct (Io<:al roads have more access than mobility),
but the seoxmd part of til(: statement is false because
local roads lIatiollwidc carry 11 mudl smaller fraclion
(only llhotl\. 20(;0 of trw truvd volume, OveralL the
statCTlwnt !;hould be consid€red false,

The answer is (C).

30. '('Lte slopping sight rli",tnncr:, S, i.e; the sum of brake
react.ion and brake distml<:t'. FrOIl1 thl:! AASIITO Green
Dook, the brake readiou for 45 mph ijpeed is 1wA ft
with :L& sec perceplion rcadiolJ time.

Tlw hmkf' rlist.ance [or a highway on f'!:Iarlf"; G, i~ a.lso
~i\'l'I1 by the AASITTO Green riook. The deceleration,
U, ill a.......;nmcd to be Ll.2 [tjsec2 as [\ dd'ulllt value,

,,2
d ~ ----c~__,_

30 (>c)
( "')'4)j ,

-- -'---'i1fif-;'-----c-
11.2 -,

(30) ... - ."s\,~: _0.05
:32.2 -

:>~:2

-~ 226.6 [L

S' = 165.4 ft + 226.6 fr,

~ 392 ft (390 1')

The t\nswer cau abo be obtainoo hy intp.rpolation from
exhibit,~ from the AASHTO Green Hook.

The answer is (C).

31. Dased on tLe ){iVl'lI traffit: volumes, link All rep­
rr>.sents a major hiK!Jway, lwd link CD is a minor road.
'The I,rilffic is ptCdOlninantly from A to a and B to A.
'Th+! turning moyemeut.'l call loc lll.:commooated by at­
gr<t.de turns. A diaulolld illt(:rdlltugt~ <:an handle the
large volumes hehvccn A alld B lind can incorporat.e
t.he at-grade turrlB. A simpl(~ diamond interchange is
the llll)"t suitl~blc.

The answer Is (C).

32. Use tile average pnd a.rea method t.o calculat.e the
volume of cut and tbe ....olume of fill.

v. _ ((100 [1.)(9 ft' + 1.; ft'))
G"~ ~ 2

= 44.'11 yd3

11. = (100 ft)(24 fl.2 + 32 ft2)) (.!2-d3)
fill 2 27 ft3

= 103.70 yd3

The lIet (~arth volume (..\JEV) is

NEV = F~ut - Vf1ll

= 44.44 yd3 - 103.7ll yd:J

= -59.26 yd3 (60 yd3 of fill)

The answer is (B).

33. Thf' unit volume prudllc:ed from 1.0 in runuff £rom
the watershed iii

2 '"I -

"= 2293 a('~ft

Silll':c the actual flood hyurogmph volume is 3260 ac-ft,
till) depth of rWlOff in the flood hydrograph is

d = V(l,CtUlJ.J = 3260 ae-ft.
Vuna 229;~ aeAt

= 1.42 iIi

The actual flood hydrograpL peak is 9300 ft3 jsec, so
the unit hydrowaph IJ~ is

9300 ft'
Q Q"....,[ ......I .'iCC

J',ullit .= d - 1.42 iu

= G54!J ft~ jiu-Sf.:f" (6500 ft.3 jin-sec)

The answer is (O).

34. The coefficient of vclodty is the ratio of actual \'c­
Ineit)' to the theoretical ,...dodty a.t the lHY.lZle.

C\. =: \' lI.ctUl\!

Vet

PROfESSIONAL PU_LICATIONS, INC.



..
78 C I V'L P I: 5 .. M P L:..::'--='~X,,-,'~M='~.,-='~T,-,-'~OC.,--- _

The rat.io of thevcna wntrUf:tfJ (jet) area to the aIl~a of
the no..::tJt:' is till) coefficient of coutruetion.

8
It

9 ­
sec

0.95
= 103.2 ft/sec

A ~ dw ~ (5 It)(10 fi)

= 50 ft2

P = 2d + 111 = (2)(.5 £t) l 10 ft.

= 20 ft

35. The Manning coefficknt, II, fO!' bril'k ill 0.016. The
C1"OSS-liCCt.ional a.rea for a rCf'tll.ngular dmnud if;

The h}'drnulic radius i ..

The wdted perimeter L'l

c~,
"tI, =

The tb{',(It<:ti('AI \'elocit:r is

R=A=~Ofi2
l' 20 ft

= 2.~ ft

From tlll' f'.Olltinuit.y equat.ion,

O.8A2V~ O.8D~v:l
vl""'-A~= Dr

(0.8) (0.8 In)2 (103.2 ~)
- (3.15111):.1

= 5.33 ftlse<::

The tslope is

s ( Qn )'
= L49AR2/;J.

(1060 fS) (0.016)
-. .--
(1.49)(50 ft')(2.5 It)'/'

~ 0.01517 (1.5%)

The enswer is (8).

,

The Ber-nouli equatiOl.l £rOUl point I (base) to point 2
Uct) is

36. The T\'RCS eUTve numbers arc ohtained frum tahles
descrihing standard WOUIlU Ui'-el types.

At. WO"F, the density of water, p, it> 61.0 Ibm/ft·,. The
pressnre at point 1 iJ.; fonnd from

unit C\lTve llumlx~r

I 39
2 72
:1 9~

The weighted cnrve number lor the lmsw is

(
.• Ibm-fL) (_"' It)'PI 32.2 2' ..... ;,\3 -

Ibf~Slx 0 !leI;

(
Ibm) + I·· 2g

61.0 ft,3 9
,

(L03.2 S£:r
=0+0+ 2g

]Jl = 10,061 lbf/ft2

( Ibl)(lft')
= 10,061 ft'l 144 in:!

= 69.91bf/in::l ( 70 I).'oli)

( ,.... _ Ct\IA] -I CI\1.42' "rC":~A3
.1~,,'t -

A1 +.4.2 + .43

(39)(200.000 fi') + (Tl)(3UO,IJOIl fe)

+ (98)(180.000 It')
- ;;200=,000'" ft2 + 300,000 ft".,i-+C--;;I80=,ONOO"ft.2

=69

The storage capacity is

1000 lotH)
S= -- -10= - -10

CNwt 69

= 4.49 in (4.5 in)

The ansWfH' 1$ (C). The IJnrNer is (D).
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37. 'The V'OIulIlt' uf the basin i~ For Ca(OHh,

MW = 40 ...!L + (Hi"'!'" +]
11I01 mol

= 7'1 gjlllol

~<-) (2)
mol

Thf' II.lum dose is

?o.fW =4U...!L +;12 g + (16 ") (4)
mol mol mol

= 136 gjmol

J) _ (. '2 g ) ( 1 mol al= )
"lUI" - ....4. .

mol alulU 2 mol Al(OHh

X (1 mol A1(OHh)
78 g AJ(OH),

(
mg )x 30 L AI(OH),

= 6,~.77 inK/I,

.JL) (3)
mol

For Ca..<;04,

For AI(OH):I:

J\IW = 27 ....!.. + (16 ,11; - + I
mol mol

= 78 gjlllol

P = p(,'21/i,....in

= (2.050 x 10-'; IlJ~~~'(;) (850 ~\J 2 (175 ft:J)

= 2592 Ibr·rt/sec

)

lIt:>
D =. Pg,.

( Np":Sp

(
2[192 lIA-ft) (32.2 ILIll-ft)

sec Ihf_Sl-'C2

Thl: impeller diamet.er is

As.",.mlle turbll1ent flow. The power required La drive the
imJ}f'llcr i<;

The power re<luired is

,

I

!,

,_ ( 'W)' ( Ibm)(:>..l) 3 :-,(:t: 62.'1 ft.:!

= I.55 ft.

Calculat.e the Reynolds number to cLeck the t.urbulent.
flow assumption.

The mass of ahuu rc:qninxi per day is

rfl· = V..1u,uQ

= ({i(i.77 n~g) (0.5 U;J) (IOOU 1~:3)

( ')(Ikg)x Rfi.4011 - =.c"'-:. . d 10~ lIIg

= 2841 kgjd (:1000 kK/d)

The answer is (A).

- (2.050 X 1Ll-5 ~br'~~') (32.2 lb~l-ft)
fi~ Ibt-s<:c2

-681,,133

Th,: fkynokl!; number is wefl.ter t·ban 10,000, so the
a...."'IIllptio(J of tlll'hllll'nt. flow is llppropriH.h'.

The answer Is (8).

38. The hll.-.iC n.:a.d;ioll i.s

39. For plll.in sedimentation, Type 1 ~cttlin!!; occnrs.
AsilUIIW StOk(lS' 13w applies. The sculill;'; velocity is

V8 = '-(S~'(,-:~,,,,-,,-'i(~",,-=_l~)~l~)~fi~"
18//

( It)(2.2 - I) (G.G X 10-5 ft):.! 32.2 SI:(~:1

(
I ., )

(18) 0.826 x 10-';' ~:

= 0.0011 ftjS(~('

v,Dnc= ._-=
v

A!, (SO,), + 3C.. (OH), --, 2AI(OH),1 .3CaSO,

The molecular WE'ight~ of tLe reactant... arc ah follo",~.

For Al2(SO..h

MW = (27 1:01) (2) + (:n u~ol + (lU :(1) (.1)) (3)

- ~142 gjmol

The H.cYllolds utlmhcr is

(U.0011 ~) (fi.r1 x IO-~ ft)

_ fl.2

0.826 x 10 "

= O.OO&i

PROf ••• IONAL PUBLICATIONS, INC.
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Sinr.e r.h~ ReynolUs IlwUbCl" k. It:ss t.h1U1 I, SI.okf'S' law
fi.pplip.s. For 100% relJlOvaJ., till: s<:ttling velocity is t.he
o,,-ertlow rate (OFR).

OFR = 0.0011 ft:$jft'J.-Sf.'(·

The ar£<'ft of lhe tank i-;

Thl'~ depth of t.he lank b

It = f"'dtlingVs

~ (2.., h,j (3600 ~X:) (0.0011 It)
hr sec

·9.9 [, (10 ft)

The answer is (0).

PROFESSIONAL PUBLIC;:;ATIONS, INC;:;.

40. Stat~ment. II is false. Chlorine delllum.l aJft)t:ts the
du;c reqnired t.o ad.jcvo.J 1i. rmnicular COut:clltration. hut
it doc::; not direct.ly relnte to remO\'a1 efficicm:}'.

Statement IV j:,t faL-;c. Filtrat.ioll~ an imponant effect
011 on'.rall reImw.l! efficiency, alld s.I.()W sand tiltrat.iou j~

no excepiiou.

St<..tement-s I and 111 arc true.

The answer;s (8).

I
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41. Th\: average daily tlow is~ on per capita fac­
tOni in the a~lIl:eof sit.e specific datil.. Common "-dlues
aT(: lOO-12fl gal/capita-day.

The lJ.\'cmgc dajly domestic fiow is

QCI'P is the per capita daily domest.ic fiow. P is t,hp
\lumber of people (capita).

(
_ gal ) .•. (IMG)'1,1,,,,, = 12<> . d (6;),000 ('splt.a) ()6 ill

caplta- a,v I g'

= 8.125 '·ICO

The design peak daily flow is

( 200%)
Qpcak = Qtoto:>l lOl}%

~ (10.418 YIGO)(2.0)

~ 20.8 MGD (20 YIGD)

rM answer /$ (e).

42. Th~ ma..-ximuIll daily dr.sign How i~

81

The indusl..l'ial How is

Q"ni~ L"i the daily iudustrial Oow per unit area. A is the
area contributing to indwltrial flow.

Q,,,,, ~ (llJ,Ol>, gall ) (200 ac) (~~,;;~~:o:IGcc)
ac-( ill' Ju- O"al• 0

= 2 10fcn

The exc()~"i infiltration is

r; is t.h{! ()XC(~S infiltratiou rat.e, d L'l the diameter of
pipe. mid L i.-; tll{~ length of pipe.

Q.\\'& is the annual average How rate in :\"ICD. PFd is

the peaking facior for the maximum daily flow.

Q~ ~ (3.5 Y1GlJ)(2.0)

= 7.0 MGD

The peak hour design flow is

P~\r i~ the peaking fador for ulaximulH hourI" flow.

Q",", ~ (3.5 MGO)(4.0)
~ [.[ MGO

The area of the dari6cr is clJculutccl by dividing the
maximum daily flow by the overflow rate (OFR).

The total anllual avcraKt' daily flow is

Qtot,.J = Q'!OJl] + Qind + Qmf

= 1:)."125 r-,·IGD + 2.0 f..lGD + 0.293 MCD

1O.4181IGD

i

r

(
Oal)Qlnl = 600 '='. •

daY-lll-llil

(
HIG)

x 1(1; gal

= 0.293 t:IGD

(24 iu)(S mi)

+ (12 in)(16 uri)

I (x in){2:l mil

(7.0 MGO) (10' gal)
A ~ Qru_ _ MG

OFR 800 [\'0<1

day-ft?

The area baserl on t.he peak hour tlow is

- ,= 1000 ft

P"O'I:SSIONAL PUaLICATIONS, INC.
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= 81 IIUlL

The detcntion t.imc i...

-
( 200 L) (3GOO ~) (IU mg) (0.70 MLVSS)

s h L :\1l>SS

+ (20~) (360<1~) (7000 H~g)

== '14.8 11 (1511)

The answer;s (e).

(1000 "4\) (woo mL)
!vlLSS ~ g . L

~ SVl

( mg) ( ml.)1000 --g- 1000 L

00
mL

1 ­
g

= 10000 mg/L

V" is l·he volume of aeration in m:l. X is the mixed
Liquor VSS in mg/L, Q(' is t.lle dffueut flow rate ill LIs.
X(' is the effluent VSS ill mg/L, and Q", is the wa~t.hlg

flow rate in L/s. The sludge ap;e, or mean cell re~idence
time. 9('. i.",

8,. -=- V(I X
. Q('X.. + Q..,x.,,,

(4300 m
3

) (1000 ~3 ) (2500 :g MLSS)

( 0 MLVSS)
x 0. 7 :'vl LSS

44. 'I'Le basin \'(JllIme based on det.1:~nt.ion (,iUle i..

, V~Qt

_(,) i\'1G) (lOt> gal) ( 1(t:
J

)
~ day ;\,'IG 7.48 gal

)( (90 min) (1 day) ( 1 h~ )
2·1 Itl' 60 nun

= 10,711 ft:'

P is the perceut volatile &/lirl."i. C is the \fLSS concelJ~

tration.

The answer Is (0).

(
MLVSS) ( m")

X", = 0.70 \'LSS 10000 L
-: 7000 mg/l. ~lLV:::;S

The ~HNSS ill t.he sludge waste line is

X ..... = l'e

43. 'nlt~ :r..·fLSS in t.he slud~e wasle line is

This detention t.ime is gl"C"Ater ,.Iltut t,he gh'eu minimu/ll
detention tillH: of 6{J min, so t.his rpsult is okay. The
clarifier diallll'tcr that meets aU criteria is 1:10 ft.

.. IT(I,," ft)2(~ ft)
4

11"D 2h
V ~ '-=;4-"

= 106,186 fl3

"Q
(106,1860') (241::,) (60 ~) (748 ~)

(14 MCD) (HI' ~)

t,l -

= 4(10 1't

Check the d(~tention tim\' with a 130 ft diameter. The
prohlt>m gives thE' sidewall depth, h. The tank volume is

(14 MGD) (10'; gal)
Q,UIU \-10

q ...."'ir = L :W5.6 [t

'-- 40.51)9 gal/day-ft.

D~L~4()()r~
IT IT

= 127.:3 ft

1.. ="V=lI'(IlUfl)

= :H5.6 ft

(1'1 }lCD) (HI' ".!.)
Q :MG

f - "';11< -'-:;;:,--'-
'onln - _. - - Jl .-

q,w:ir :35.{J00 g! _
, day-ft.

D = 14~ = ~)(8,(:O ft?)

~ 105.5 ft. (110 It)

Th~ required clarifier diau}I,:ter based 011 weir length 1.'1

Check weir loading. The weir length i~

The \\·cir loading at peak hourI}' How is

This n~llit for weir loadillg would llot work, bt.'(~auS€ it
is great.er than t.he 35,000 ga1/day-ft r:rit.erion. Thr~ weir
length J1()l,)l,II:d is

Maximum daily flow eOlltrols. Thc diameter based on
maximullI daily flow is

L



r,

,,
,
f,

I
f,
\

,,
•

,,
•

The area bUSl-d on det.enl.ion time i.s

A = ~ = ~H::,i,~7,,";...::ft_'
h 8ft

= 2089 re

The diameter lm;;(~,l on det€ntion till'l(: is

D ~ J~J1 ~ 1(4)(2~9 It')
r. V "

~ 51,6 ft

Thl' area based Oll o\'crAow ratei::l

Q (2 MCD) (10" ~~)
A - _ - __----'=-=.L

- V' - GOO gal
rlay.ft2

The diameter bR.seti 011 v' is

D ~ /4.4 ~ (4)(3333 It')
V :r 11

= Gr..l fi, [cuutmI8]

Check the weir loading for a 65 ft diameter. The weir
length is

(.I -= ~D = ';1"(6.'> ft,)

= 204.2 ft

The weir luading ifl

Q (2 Me!) (JO" ~)
qW"iT = T = 204.2 ft.

= 9794 galjday-ft

Tile wt~U loading is acceptable. 'The diamet.e.r of the
basin L" 6:) ft..

The answer;s (e).

45. TIl<' ma...."; of available alum is

C.~lU\ll is t.he cOllccllt.mtion of alum, IUld Pis t.he fraction
of ","vailahle alum.

m".m ~ (L100 ~) (0.49)

~ O.G8fi kg/I.

SOLUTIONS _ AFTERNOON SESSION 83

The ntomie weight of alnmiuWll is 26.98 gjmoL The
aluminum a\uilnbk is

\VH i.s th{' r~tio of /IJ1L';S of alumiuulU to ma.'lS of a\'gi!­
able alum.

CAl -'" ((J,GSfi _kg" alulll ) (2 mol AI )
L S()lutiun mol alum

x (26.9l'l g Al ) (_I mol alum)
mol Al ()fifi.7 g alllm

x (WOO :g)
= ~;).5 kg Al/L solut.ion

Tlw n~a.etion for plJOsphat.e precipit.lItion wit.h alumi­
num L"

On~ mole of al\lminum is required to precipitate I mol
{If phoophol"u:-I.

The. alomic weip,ht oJ phosphorus is 30.9i gjmoJ. The
thcoTet.ical uuit alnm dose reqnirf!(! is

fllAl
D ...."m =-­

Tn?

_(I moJ AI) (1mol P) ( g ;\J )- 2fi.9S -- -
1 mol P 30.9; g P mol AI

= U.871 K AI/g P

n is the ratio of udual to t.h[1Jfct.ical dose rcquifc-d. The
unit. volulIle of Illum required is

TJ ...JumH

CAl

(
0.871 gAl) (J.5U actual dOS('_)

g P th"''Oft't.ica] dose
-'------"-''--'--'- g AI .-

55.ti
L alum :-;olntiolt

= O.O'l:l.'> L alum SOlUtiulljp; P

The VOIWIlC of alum solutioll required i...,

~'~otal = QCVuni~

(100 ~) (8GllXI~) (Ill lllt P)
x ( I g ) (tl0235 I, alum SOlUtion)

1000 lUg ~ P

= 8122 Ljd alum solution

The answer;s (8).

PROFESSIONAL PUBLICATIONS, INC.
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46. The overall Illus:! of TSS rClUovefl is

mTSS = (C. - C~)Q

G. is the illiluCllt TSS cnncf'ntration in wg/L. C", is the
t:iHnenT. 'T58 colUX'utratioll in 109/I.. and Q is till' flow
in L/s.

( . mg mg) ( L) ( ')1IITS." = 220 L - 20 L 400 s 8G 4UU J

(
I kg )

X lO" lUg

= 6912 kg/d

The BOD cnkring the aemtion process is

c" = eiF

F i~ the fraction of nOD pntering aeration proee:;s.

c ~ (080 mg ) (100% - 30%)
'U - L 100%

--,- 196 mg/L

The m:L'lS of hiological solids prodnceri is

1IllPiu = Y(6Bon)Q

y is ~he cdl yield in kg/kg.

(
60 kr; s?~pellded solid::! removed)

100 kg liOD ff!moved

x (196 :~1.K BOD ._ 20 mg BOD) (400 ~)
L L s

x (86400 ') ( I kg )
d 1l)G mg

- 3&::;0 kF; :m.,>"cul!('("! hiological solitL<;

The total dry sludge IIltlo-iS produced is

lft..,t,,1 = nlTs.<; I mh....

=--- fJ912 kJ~ + 3650 kJ{. d d

~ 10562 'sId (11 000 kg/d)
The answer;s (O).

47. The ma..;;s of .sludge.: wu.-;t.ed is

PROFESSIONAL PUBl.ICATIONS t INC.

QW3>¢" is the wa:;tc How Calk!. CW,""l" i<; the wastt: sus­
pended solids cOllcentra(·ioll.

J'. ~ (30 '~') (1000 ,~i) (10000 7) C~k,:')
~ :lfXl k,/d

'The volullle of methane prodm:crl is

, (._ "'''CH.,)
~ ~ 0.35 kg (EQSo-1.42P,)

( ='H'-,-C=,H.:.:.).-" 0.35
kg

(07) (3000 n~') (100 ,~.g)

X ( 1 ~ ) (woo ...!::..-)
1000 109 _ m:l

WOO -g.
x kg

-(142) (000 ~)

- 144.9 lJljd (140 lll:1jd)

The snswer Is (A).

48. The reactiolL''1 af(:

CI2 + H20 ~ nOel + H+ + 0­
S02 + HOC] +H20 ::= Cl- + SO:j2 + 3H I'

The dose of SO'.! is

Dso ~ (6 _mg G1,) (I mol Clo) (I "m:::Olc;H~O;;:C:::.I)
• Z L 71 R Ch IIIol Ch

(
,., g HOCI ) ( mHI SO, )x ;.I2.i.l I .

mol HOCl mol HOCI

x (1 mol HO_<JI) (.-1 g SO, )
52.5 g HOCl mol 804

= 5All1lg/L

The mass per day of S02 is

fn=CQ

~ (041 7) (80 ~) (86400 ~) C~"k~g)
- 37.4kg/<1 (40 kg/d)

The answer is (0).
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49. Thl'! ovp,rl\ll rll'!nitrificA.tiol1 mte is

Ur' - U· I 09T - 2o(1 - DO)dn- dn'

S is the initial dilutiou, U is the river velocity in [lisee,
H is the rive.r depth iu ft, L is t,lle diffuser length in tt,
Qd is t.he dischill'~e flow mu~, }).nd 0 is the orientation
of ports above Itoriwlltal.

(3~) (4 rt+2 rt)T,
( f')(2) 75 _,_

!'IN:

Ud" is the specific denitri6catioll rate in (kg .l'<03-N)j
(kg·d MLY5S), T is the wastewat.er \..emperal.ure in ce,
and DO is the wastewater dissolved oxygen ill lIIgjL.

., ( kK f\03-f\ ) ( to-20)
lJdn = 0.09 kg.d \f1NSS 1.09

x (1 IIIg _ 0.2 111&)
L L

~ 0.030 kg NO,·'!/kg·d ,fLVSS

2U=

x 1+
(2) (75 f'~) (9.55 _ft) =600
__ -,-;--,'~'~~.c __""'="-- _1 + ~ -

(3:C) L(4ft.+2ft)

I

Th" detention time is

S.. is the influent substra.te con~nt.ralioll ill lllg/L, S lli
the effluent substrate concentration in mgjL, fiul X is
the MLVSS ill mg/L

( no" m") ( h)26--4- 24-
8~ L L d

(
0,030 kg NO,·'! ) (2500 ml<)

kg·" MLVSS L

~ 7.(1-1 h (7 h)

The answer Is (C).

50. 'The area of each pon is

(
1 ft )'

A = -rr D2 ..'c, -rr(12 in):.l 12 ~l:_
4 4

= O.78G ft:.l

TIJ(~ vclod.t.y from l:fU~h port i~

Q
vd = ,,--'--"-'-"'"7,A(llumuer of ports),

7{; ~

"'"- (0.785 ft') (10 port,)

= 9.5{; rtfSf!('.

The i.nitial dilution is

. (UIII') ( J 2Q'VdCOS8)S = 2Q-; 1+ t .. --'[PLH

Solve by itero.tkm ur calculat.or solver.

The answer Is (D).

51. 'The hydnmlic detention time is

LW"d
I ~ -'-;,.­

Q

L is the basin Icul(th, W is the basin width, U is thc frac­
t.ion of the cross-sectiounl an"":;). not. occupied by plants,
d is t.he basin d~ptll, nud Q i~ the average flow rate in
rt:)jday.

t ~ (_20_0 ft".)-'.:(2:::.50"O:::.f2t )iii(0C"7:::.')",(2=-f02")
- ft3

40.000 ­
rl~y

= 18.7r-i rIay,;

The cfllnen!. non is

C - C' A,-n,7K-r A ;, """1
...~ - "(l •

Co is the influent l::lOD~, A is the co€fficienl that reprc­
senls the fraction of Ron~ not removeu hy settling" at
the head or t.he S.\'~tclll. J(T i,; the temperature-depend­
ent, first~Ol'ucr rate constant in d- I , and A" i:; the :51'<....

cHic surrac(· &.I'eu for microbiological act.ivily ill re l£t3 .

, K )T'"1\ ',. = 20(1.1 -

= (0.000 d- I)(U)11l-20

= 0.0023 d 1

(

f_071iOOOl.• rl-l) )

C., = (200 I~,l~) (0.52)e ... (~ .. rl~!ft:»'_7"(In~ d)

= 64.5 mg/L (65 ulJ!:jL)

The .n~wer iB (8).

PROFESSIONAL puaLICATIONS, INC.
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52. The air-lo-solids ratio is

a. is tb(~ <tir solubility, f is tb~ fradian of air di'>."iOlved at
<I- given pressure, P"-hs is the aL::;olut,() pressure in atmo­
sphere'l, and 8 6 is the suspended solids concentration.

54. The nOD of t.he dilutioll in bott.lc no. 1 is

BOD = initial 1)0 - fiual. DO
fraction (lilntion

mg mg
8.6 L -6.0 L

1.00%

100%

= 260 mgjL

The nOD levels of t.he remaiuiulI; dilutions l\Te giw!l in
tht: following table.

The ahsolute pn.s.";ure is
wa.'lle-

wald dilu~ init.ial final
~ A butth~ portion tion DO r>o Bon
< If S

+1 110• (mg) (%) (mll:/L) (ln~/L) (mg/I.).( mg fi'C) 1 3 I l:L(i (i, () 2fiOl.:l - a~
mL air 2 3 I Ro6 fl.1 2.'ln

Pa.ba :;
f 3 3 1 8.4 6.6 L80

(:lIXJ ";:') (0.07 IUK IUf )
1 2 U.67 8.5 (;. I :l!\8

mg solids " 2 0.67 8.5 GA :iJ3

( 3mg.,,) ( mL,"') +1 6 2 O.G7 R.6 lUI 31<'
1. l8.7 7 1 IUJ 8.(j 6.8 545llIL air L water

-
0,0

8 1 0.::\.1 SJ:i 6.4 G:3li

= 3.ll 8tm
9 1 0.33 K4 II.,,> &75

group

'''''fttRC
DOr>

(mg,iL)

230

35J

Tht-, gage pressnre is
Plut the average nOD versus lIil1Jt.ion. The data show
increasing HOD wit.h increa:;ing dilutioll, which indi­
cate! the pl'CS(:nce of toxicity ill t,he wastow:-I.ter. Hio­
logical activity is inhibited at thl'! lower di1ntiom; (1.0 IYr
wa.."t.ewater) compared to highCl" dilutiolL" (0.33% wa."it.e.
water).

•

(
'01 kPa)

p~~@ = (3.1 I. at-m) , - HH kPa
1 at.m

= 213.1 kPa (220 kPa)

The answer;s (D).

53. The stat.ements in options (A), (B), Ilnd (C) are
t·ruc. The," du;c1ibe l.,'OIlditinns that can cause high (:on~

C€ntrations of8U."ipended solids t.o accuULulate in \V&'tt:W­

ar.er effluent.

The sla.l.eme:nt in option (D) is faL-;c. Excessive return
rates can cause dilnt.e retllrn-a(:t.ivated sIud",; that will
add to the hydmulic load through aeration. Tllir:; condi­
tion reduces n~IJlO"'(l,1 efficiency in sedimentation tankll
nod, thu~, is detrimental t.o lhe process. HOl\."(~ver. it is
not normally a cause of high leveb of suspeudcrl solids
in effiucut..

600

:J 500<-
E
0
0
m

400•~•"•>•
300

'00 •

1.00 0.67
dilution 1%1

0.33

The answer Is (D).

PROFISSIONAL puaLICATION" INC.

The answer Is (D).
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55. Stf\tl~mtmtn i.~ f'~lSl:!. Algal: produce oxygell. This
aids oxidl1t,ioll pOlld~ by })I'od\ll.:illg part of the oxygen
TPfjuireil hy hacteria..

St.atement tTl is false. Ph05phoIlL"I, as well a.<; nit.m­
gen and carooLi. 1lI1.l$t be I.;outrolk"d to meet the watl"r
qnality ()hj~ti\'es of limiting algae grm\1h.

Stat.cmCllf~ I, IV. and V {\re tme.

The answer is (S).

56. Tlll.; (·orred. mu.tchl.'S arc m; follows.

L Aqua.tic life <.Hvcr.-iitr awl almudan<:c can be limited
b.\· the absenoe of suulight or thl' Jlrt~'Il(:C of pollution
(2). awl tllt:Y R-quirc the: prl.':".CUcc of oxygen, carbon
rlioxide. llitTO'.;en, antllJh~phonL'l (5).

11. Algae l\ud jl,rtll.:D. plants MI' primary producers, since
the)' ll.'iC the t.:11t!TfS of :-mnJight, t.o synthesi7.e inorganic
SUI)!<tllJlt:a; into living tissue (7).

Ill. Fly 11~'mphs. COI>epods, anti wa~r f1.cml arc fir:.lt.-­
order consumers ill the food dmju (1).

IV. Sunfish lUl' S('t;ouC"l-order (:onsumers of small herbi~

vores (3).

v. nass. pike, and sallllOlllU"l' thirtl-of(if~eommmpTS of
f1esh~ea.t.ers (G).

VI. ~U1positiolland dll(~LY of ti!;h and other aquatic
Iif{· release nutrient,,; that are recycled ur algae throu,!',h
photO;")'Ilt,h(:xU; (").

The answer is (A).

57. Tl1C stream velocity is

( L) ( Im" )
Q 40U S 1000 L

v = - ~ ~

A (1 m)(lO m)

= U.04 m/s

The travd time iH

L
t= -

"

N i::; the lUodal !I11mhl'l" of bOl.~lel'ja remaiuing, N" is
the modallll1mbE'1' (}r i llt.i<11 bacteria, n is lhe (:odlic:il~Ilt

of uOlltlI1ifonnity or retcudatioll for the spt~:ifit: wat.er­
courSe. aut.! k L-; the iILt-ial elk-away for lhe ::;peeific bat:­
tt."ria population ill thp receiving watt."r.

N ( (lflOO) )-1/
6

.
13

.N~ = J + ((;.15) -h- (69.4 h)

= 0.11

The percenl relJloval i.:-;

p ~ (1 _J~.) )( 1007c
1\·0

= (1-0.11)( 100lX,

~ ~9\( (00'if)

The answer Is (D).

58. Stat.('rnflllt , is folse. Nitrogen in the fot'lTl of aw­

mouiil frum (;(llI"mtional wastcwatt!T t.n~atmcnt plallls
1I.oItl.. orgll.l1ie loading l·haL itWrelL"CS ba<.1:.erial decompo-­
~itioD.

Sla~lllellt II is false. Di,,;jllfcd:iou ouly t~mporarilyde-­
plel~ lllkrohiolo)l;kAI pOIJttlatioll1>. which ~nbscrlll("nl.ly

rapidly iJl<:rt;IL"it~ llnd exen oxygen demand rdat.ive to
dw organir lo""d,

St1\t,(;IU~~Uts III. IV. and V MC true.

The answftr is (D).

59. 'I'lle ~OD~ of the sf-mam f1rt.er complete 111lXIl1,i;
willi the dflm:llt, is

C} is tl1e final mixer! (:mJ('r~ntrat,ion. C! is the eHluenl
conc..nt.nnion. O2 is thl.: strcmn conf.enlratioJl bclurt.,
mixing. Qt is the eflillcul. now, and Q'2 15 the 5tream
flow hdore mixing.

= ~.77 Illg/L

( m)(I m;n) ( 1b )(10 kill) 1000 - -;--- _..
klll 60 S 60 mm

- m
0.04

-'- 69.4 h

non5,20~(; =
(

-0 no,) ( _m") (_ m") ( no'),,- 0.,;- + 4.<>- 6-
L l!> L S

1113 m 3

0.';; -+6-
s s

I
I

The t.kduml fral'tion of hn<:teria remaining is
Use Lhe So."'\llIC (:q1U~tion t.\\ice more to lind the DO and
Hie tellq.....·rature of the stream after complete lllixiuK
",ith the effiucut. Fur thl' variables C/, C l , all(l C2 •

PIIOPI!SSIONAL PUBLICATIONS, INC.
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~ubstitllte the appropriak \~",luE'.s of DO sud temper!\.­
ture, res}x:ctively. The DO of the strl"l'l.ffi after complete
mixillg wit.1I tlu~ effluent is

(2 :") (05 n;') + (85 ~:) (6 :')
OOmix = - '1:1 .

m' nr
0.5 - fa-

s s

~ 8.0 mg/L

The kmperaturc of the h1.ream after colIlpkte mixillg

"
(25"C) (0.5 n~3) + (15~C) (6 1I~3)

T ~ ----'----'::n~l:J'-~m~"--'---''--'c
0.5-+6-

s s
= In.7T'C

The deoxygenation rate constant aItflr complHte mixing
IS

',. 26Kd•T = Kd,20oc( 1.046) -

~ (0.15 d-') (1.04")"·<7-20

= 0.124 d- 1

The reaeration raw constant after complete lIuxing is

K,.;l = ](,..20"C (l.024)T-·lO

o~ (0.25 d 1) (l.024)I/;.77-W

= 0.2'26 d- I

The ultimate 000 of the sl.room afl.er complew mixing:
aL 20°C is

BODs,:moc
BODu,:Woc = 0-::-"""'.1 10 K .. t

Ill)',
__ K77""L
- 1 - 10 (O.15 <I-'j(r. d)

= 10.67 mg/L

TIle ultimate DOD of the slreUIll afler c()mplet~mixing
at lS.7rC is

nOD",T = BOD Il .:w c(O.02T + 0.6)

~ (10.67 :g) ((O.02)(15.7TC) + 0.6)

= 9.77 llIg,/L

The oxygen ddkit after complete mixiug is

Do = DO,...., - DO""lI

PROFES'IONAL PU.I.ICATION' •• IIC.

DO.>Lt is dw dissolVl'd oxygen saturatioll, and DOmi.,< is
the dissolved oXYF;cn after complete mixiul{.

mg mg
Do = 9.95 T - 8.0 L

= 1.9:) mg/L

The time to the criti(~al point is

t c =( 1 )K, - K,

I ((KdBOD"-K,,Do+K,jDo) (K,))
X ogIO u" DOD ".Hd u n,j

= (0.226 d .( 1 0.124 d I)
(0.124 d-') (9.77 n~)

_(O.226d-l)(1.9511:~)

+ (0.124 d-1
) (l.9:) ~g)

(0.124 rl-1)(9.7i I~g)

x (0.226 rl-
1

)
0.124 d I

= 1.792 d

The crit.ical uxygen deficit is

Dc; = (J<d~~Du) lO-I\.. lc

_ ((0.124 d ') (9.n :g))
0.226 d 1

X (lU-(O.l:.l4 d 1)<1.19 d»)

= 3.22 mg/L

The DO at the critical point is

DO" = 00"",. - Dc;

= 9.95 11~ _ 3.22 mg
L L

= 6.73 mg/L (G.S mg/L)

The answer Is (e).
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60. St,utclIlcnt.'l], Ill, and IV il.re true. As SU\tellleut III
Sll~\:l'!t!'l. Illgae are able to fix nitrogen from the air, so
phuwphunL"I levels have been idemified as Ulore critical
to oomrollilJ.g eutrophication.

Sr.atement. 11 jg false. It often tak.P.s A. lonp; time to re-­
\'l:rSE' or ret.ard the effects of euLn'lphieJltioll oo:aus.: t.he
long wat.er-rPlJe\\-1\1 tum: (rickntion time) reduces ffush­
ing octiOlJ.

Hta«:n1imt. V is false. Oecaying v~tutioll or algae can
w.:cllumlllt-<: in bottom sediments where de<:ompo!>ition
dcplct,l'!'; UO and affects aquatic life.

ThttsnBWer Is (8).

61. Tlw rate constant at 3UoC is

'I K i1T-:.lO
F\t = woe!::>

J(l is ,.he rate COIll;tant at a l'>,-x:dfied temperature in
dt:gr(:ffl Celsius. K20cC lli the rati: (Joust,ant at 2UoC,
And tJ is the lelliperatucc CUIL'ltunt, whir.h is typically
1.047 fur a temperature betWeeJl 20°C and 30°C.

K, ~ (0.23 d-') (1.047)"'->l

~ 0.304 d- 1

'The [; d BOD iq

HOO, ~ L(I - e- K ,,)

= (150 7) (1 -r.( 0.36-1 d ~)(~ d))

= 125.7 mg/L (1'l5 mg/tl

The answer /s (B).

62. S~aLement::; 1, 11. and V are trne.

Stl~tl:ment ITI is false. The me-mbrl\lIc filk-'T technique
rCt'ults in a counl of the number of c:olonies of colifonu
hACteria. A mnfirmatiou tCl>t k; not required_

Statement TV is false. Aerobacter' aerugt!1les i'l a prac­
tical indicator or~anislll eveu l-bough it is COlll.IIlOnly
found in 1:lOil.

TM answer is (8).
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The required GT value, Ctt, can be fonnd wit.1I Ule fol­
lo\\·ing equation.

.'\[, 3
;, ~ (I + 0.23C,t)-

o

Nt i'l tIm Dumber of coliform organisms after treal-ment
at. time t, No is the llWll!x:r of coliform orgallisJII~ before
treahm:nt.. and Ct_ is t.ut! tOtll1 nmpcromelric chloriue
residual at time t in U1g/L.

200

l~tmL =(1+023C')'2 x 1O~ . " ·-t'

100 mL

Ctt = 430.1 l1Ig;/L·min

For (I. time of (i() min, G't is

Ill"
4:l0.4 L ~

C
j

O-~ ·mlll
60 Utili

= 7.17 tlIg/L (7.2 mg/f.)

The answer is (D).

64. Stat.emCllt I i'l fa.lse. This is an ..fftmmt toxic-ity
tl$t species.

Statement IV i<; fa.lse. TIlls i.. an effluent. toxicit.y h'lit
species.

Statement VTT is fabc. Thi.. is (l. bacteria kuuwn for
oxidizing the t~L"te and odor <:OUlPOllW! grosmin caused
by blue-green algat'.

Statenwut" II, TTL V, and VI m·() true.

Th~ answer is (8).

65. \Vhml more than tlm.:e cHllltiollS a.re employed in a
docimal :wries of dilutiolls, tlw rc.."Sults from only t.lut:t:
of t.lles+> are used in comput.ing the MPK. The three
dilutions sdecl.oo are tllC highest diJmion (i.e.• tht.' Iov.·­
cst AAmple portion) giving positive results in all five
portiOlL'l tested (no IO"'er dilution wit.h any negati,,~ re­
sults), ~nd the two next. sucU:~t-,dillgl)' higher dnul.ions.
'rhe dilllticm oorre:.---puuding to the middle dilution is
used to r.akulate the :\-1PN from t.he MPN index. The
thrctl dilut.ions used arc givl:.lJ in the following t.al.>lc.

63. The dekntioD time is ~unpll: number of

V 1440 1113 Sf'xial port.ion positiw

'~Q ~ ( L) em' ) (
dilution (mL) readiou,s

~~ll) 2 0.01 5
,UKl --; 1000 L 60

3 0.001 2
= 60 min 4 0.0001 1

PAOF.SSIONAL PU8LlCATIONS, INC.
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The mirlrlle dilution is 0.001 mL. (Jf;ing th.. MPN tables,
the MPN index is 70 IvIPN/lOO rIlL.

The 1v1P:"l i::;
J

MPN~­
D

I i!ol the MPN index in Ml'NjIOO mL. D is t.be middle
dilution corresponding to 1 mL of a St:ries of 10 ruL 1
IllL, and 0.1 mL.

70~WN

MPN = 100 mL
mL

0.001 ­
mL

= 70UOOjl00 mL

The anstWIr Is (O).

66. The decimal froctiou of the wastewater sample uscrl
for dilut.ion no. 1 is

p~ S
T

S is the Ilample volume. T is the tntal volume of t.he
hottle.

5mL
p= 300mL

= 0.0167

The dcdmaJ fr8(:tinn of t.he W/j,stcWlU.er sample lIsed for
dilution I1U. 2 is

10 mL
1J = ';3;iOO"""H~'L

~ IJ.U333

The decimal fraction of the wllh1;ev.;ater sample used for
dilution no. 3 is

1;'> mL
P ~ ';300,;,c-n='~L

=O.OW

Tbe 5 d BOD is

D 1 is the initial DO in mg/L, and /)';1 is thp. final DO
after [) d in mgjL. The 5 d DOD of dilution no. 1 is

mg mg
8.0 -'L","",6,.2_LBOD,--·

0.0167
= 107.8 mgjL

The 5 d BOO of dilution uu. 2 is

8.2 mil; '" 2 mg
BOD:; = _ -r - d. L

0.0333
,..,. 90.0 rngjL

The,) d BOD of dilutiOli no. 3 is

8.1 ln~ _ ~.5 lll~

BOD.~- L ~
., 0.050

=- !:l$.O lllKJL

Thp. a.verage ,) nDOD of the t11f(~~ r!ilutious is

LBOD
BOD:J.\·c = "=''--

"
nOD" rcpresellts individuul noD 1"t~'ll]tS. 11 Lo; thf~ lllllll­
bel' of samples.

Ill,!!; lJIg mg
_ 107.8 L + 90.0 -C + 98.0 '-r-

BODa..g - -- 3 -

= 9K6 mgjL

The ultimate DOD is

BOD,ll~ =

k l i:s thc rate l,,·t.mstant- to base e, lJlld t is the tcst dutt\­
t.ioll in d.

,"g
98.6 r,

BODult = I e (0.23 ,l-IH~ d)

= 138 mp;iL (140 mg:/L)

The snswer;s (e).

67. Stiltemeuts I and V nrf' true.

Statement IT is false. Although COjlIX'r sulfl\k can kill
~ae I.hat. are ill high i1e,,~it.y in a re::;crvoir, thiJ,; pmclke
does !lot lead to impro"'"l'(1 hiological quality.

Statement In is false. Clllm[!;ing the hydrugraphy to
reduce st.Jeam velocity would (yplca.lly ne(,l'ea.·;c :-.1.resm
reaeraliolJ and have a negative etfcd on biologi<:al life.

Stutemeut IV is false. Chlorination of natural walen.
would adw.rsel.\' alff'Ct :it·ream biolog~'"

The answer Is (8).
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68. TlJe tola) lila$." of till:: weekly solid waste gCIWJUtiOIl

per household i~

('t,ip is the ....rhide ('(lp;)cily [.l~1' t.l'ip, and Et'il> is the
t'ffiei.eney of vehicle utilization.

l,
.,

fl." is t.he perSOIlS per household. 1/lperson-da.y
mass of solid waste per person per day.

lli the

( V<I') (90%)
Vir; .. = 15 ~"ip lllo%

= 3M.,=) ft.3 ft.rip

(
ft." )2"', yd:l

m khh ~ (35 _.pe",,", ) (7 day,) (,
"'= - . hO~'hold wk

= !l8 Ihmjwk-hon."lChold

Ibm )
person day

The number or trip!> is

The total weekly mass of separalw paper is

}"',,;>pcrf... i..., thl' II\I'IR" fraetion of p.."\per to total solid
Will>tI.:, Nhh is thl' Ilnmber of households. and Rp;.v'" l:S

thl~ rat.e of part.kipation of paper roc.ycling.

(
".8 Ihm total solid W;Lotte)

JIlwee\< = ;1
wk·household

(
21 Ibm paper )

x lUll IbUl t.otnl solin wHsk

x (2000 huu.'.;choldll) (,: part.idPation)

= :l2,928 Ihm paper/wk

The t.ot.al weekly VOIUlUt'l of 11l1jl<:r is

Ppilpcr is the density of scparawd paper.

V","('Ck = It
f
. 1m
) {t: l

= 511'lH CV'; wk paper

lr:"k_l.-......l is t1w total vohulle w be t.rmL'lportcd per week.

ft'
8510 _.

\ ' wk
! 'h;I' = -'. - ft3

,164.5 - .'
t.np

= 23.3 trip:,,: (24 trips)

The answer is (C).

69. The 3verage lllllllhcr of pRcker r.rudiS is

ffld",y is the mas.., of WHJolte handled through lnuL'ofer
stat,ion dail.)'. /-'pa.ckcr i.!:l the pcrrC'ut of st.atioll wa.stcs
rmnclled by packer tl"\l('klol, anrl r.p~ckcr is the loa.ding
c/l.pH(·it.y of packer Ln\(:ks,

( . 1:.6.l0"')("%)( ]pack" )Npacl<'lr...1....y = 500 -, ".._- . " -_.
, day tOOS{ G l,.S. ton,;

= 66.6 packer/day

The avpwgc: number of small vehicles is

The volume;: for the othel'
t.able.

recyclaule
VUIK:r
cardboard
plast.ic
jtla.......
tin C6l1S

t.otal

n ..1:yll.lhlcs Ilrc given in r.he

VOhUllC

(ft.:~/wk)

5488
2091
490
245
1%

8510

P~", ..ll wh is the perCl'ut of station wa.si.es handled by
small vehicles, ond L,.",..ll wh is the loadiJlg (:apacit.y of
slIIall vehicles.

JV~",,,l1 ",h-rlu." = (500 U.S. tOilS) ( 25l?I' )
day IlXI%

x (....!....::lI1an \-"{'h )

0.4 U.s. tOilS

= 250 small vchjduy

The vohlln.. of rt'C'yc1l:lbles transpol·ted each trip is The IK~Lk hOllrly number of packer tnu:ks is

PROFESSION-.L PU.LICATIOllS, INC.
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FpC!ilJdus-rno is the monthly peaking factor, and rpeakinll_hr

iH the hourly peaking rador.

(
"'.6 average mo paCker)

lVpacl:.et.h. = u ...
day

x (1.5 -pp.ak roo )
average mo

(
20 peak h, )

x . a Vl,~(Lge hI'

= 25 packer tmcks/hr

Thl'! peak hourly llnrober of small vehidcs is

Nsmall vt<h-bt = NBmall ""h-dayi';",,,lang,"... Fpc.a.kiroa_b.r

_ (250 a\'erag(~ mo small veh) (1 day)
day 8 hI'

(
peak IlllJ )x 1.0 --

average mo

x (10 ~u.k hI' )
. a.vcrage hI'

= 31.2 smull vehicles/hI'

The !lumber of bayti fnr packer trucks is

NI"W:kt>r-I,,- L'l the nnmber of packcr.s per hour, and Upackel'
is the unloaclillg time pcI' packer per bay.

N = ( - pad""") ( m;n-bay ) ( lill )
- l'....k(,r-ba,... 2" 1 6 ire .

11' pac r 60 mm

~ 2.5 bays (3 hays)

The number of bays for small vehicles is

N""taU ~""-hr is the nUIIJI)('r of small vehicles p<~r haUl',
and U~mu.ll ,·~h is lho unloading timo per small vehicle.

".v:"'''.:>ll veil-btl).. = (:n.2 SIIlll.lI veil) (15 mill )
hI' small veh

(
I L, )

x no min

= 7.R hays (8 bays)

The total number of h<oys is

:3 bay~ + 8 bays = 11 bays

The answer Is (8).

PROFESSIONAL PUBLICATIONS. INe.
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70. The number of molm; of material initially present
is

rnlJ..._in.i~;,,1 is llll: initial mass of solid wast.e, and t..'l W is
the mok'<:ular v,:eight in kg/mol.

1000 kg
ninl~W -= ,--,-c.::"",:"::E---,-.:cC''''

(40) (12 kg C
j

) + (55) (J kg H)
mo lIlol

+ (30) (16 kg 0)
mol

= 0.985 mol soliJ waste

11lC numLe~ of moles of resiJul'! is

msw_finlll is the fiulli mass of solid waste.

--,-_-,.--;-,3[,0 kg
"",..I ~, ( 2)o---;(~,

(12) l2 kg C + (25) 1 kg H)
11101 ll}())

+ (10) (16 kg OJ )
mo

= 1.001 mol re.sidue

The number of lUol(~of materialleavi.u.g t.he process per
mole of material ent....'Tillg i.'i

71,=

Tlsw-i"itirlj

1.064 mol
-

0.98,1) mol
~L08

The aerobic stabilization proc(~s is

C"HbOcNd + 0.5 (ny + 2.'1' + r - c) O2

-----J nCu-H.I'O.N~ + sCOz + ,.H 2 0 + (d - nz) Nli1

r = 0.5(b -nx -:l(d -nz))
.~ = u - nw

The \'!llue!! for a, b. c, a.nd d for the initill.l material
C4(jH550 W arc

a=40

b = 55

(.' = 30

d=O



i,

,

The ....alues for w. x, y, and z for the residual CI2H2S010

"'. w= 12

x = 25

y = 10

2:=0

The \--nlne of r i:l

r = O.5(b~ llX - 3(d-nz))

~ (0.') (0' (1.08)(25) - (3)(0 - (1.08)(0)))

= 14

The ....a.lue of s is

8=a-7Ml!

~ 40 - (1.08)(12)

= 27

The ma.'iS <.of oxygcu required i~

mo~ = 0.5 (ny + 2.'l" + r - c) (moles 02)(1vIW02 )

~ (0.5) «1.08)(10) + (2)(27) + 11- 30)

x (0.985 mol 02) (32 ~l)

~ 769"" 0, (770 kg 0,)

The ttn$WfH';S (D).

71. The mass of solid wa..-rt.c per square :rard is

SOLUTIONS - AFTI!"NOON SESSION 93

The mass of dry solid wa:.;:t.c per l:i<.J.l1l1re yard is

Polly is the percent dry mat.erial.

m", ~ (3333 Ibm) ( 80% )
A yd'2 100%

= 2667 lUll} dry solid wast.ejyd2

The rna.'ll'> of soil per square :rllnl i::l

P!oll is the proportion of f:\Oil.

rn,.,.,il = (3000 lum) ( 1parts soil )
A yd;} 6 part~ total

x (l2 ft) (~y:)

= 2000 lbllljyd2

The average mass of l,he lift is

t.4.w is the dept.h of the solid waste, and d..ml is the depth
of the soil.

Ibm
IO.ODO + 3111 yd'2

~ 0.6 - (0.55)

Plift ill the delL'lity of lift, Ps'" is the proportion of solid
WMI,e, dli£t is the tleplh of lift, ",Inn 11 i~ the area.

~n."" = (1000 Ibm) (& part..'l_solid waste)
A )'&1 (i parts total

X(12ft}(~}~I)

= 3333 Ihmfyd'2

The moisture in the ~olid \\'l\sie per square yard is

(
10 It) ( Ibm) (2ft)

Tltlil'1. = 12 ft 3333 yd2 + 12 ft
,

= 3111 Ibm/yd

The field capacity is

Fe = 0.6 _ 0.55 ( mli', )
10,000 + 7ll]jft

Ibm
3111 ,yd'2

(
2000 Ib~l)

yd~

-u.'ew i~ t.Iw mass of solid l',(l!:,tp p~~r l';quare yard, and
PmQiel is the perecnt moisture.

w,w ~ (3.333 1I"~) (20% )
A yJ~ 100%-

= 667 Ibm water/yd2

= 0.469

The y,'-ater than can be hpJrI in the lift L'i

FC"", = FC(etry mH..'iS of sol.iJ waste}

= (0.469) (2667 ~~~)
= 1251 lbm/yd2

""OFESSIONAL PUaLICATIONS, INC.
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le;u:1utte --= (t...... - Fe....
= 607 Ihm _ 1251 Ibm

yd2 y(F

~- -r.&·11hm/yd2

necUIL'ip t.he fidei capadlY of thl~ solid "'''I.'I't.e is greater
than the actual moist.ure, no It:uchat.e will fortH.

The answer is (A),

Tlw y~rd \vaste will he 28% of tLw wasle I'tream after
the recydin~ of paper and cardboard.

The answer is (B).

73. The dil'f'ct haul coot p(~r unit volume a.nd nnit
time i<;

Gelh is the cost of direct haul per minute, and Loll. is dw
loading capacity of direct. haul.

72. Till' mass of paper t.o ht' t't'l:ydetl ]x'r
HrI1id Wa....tR is

100 kK of c' ~ ($40) (~"_)
<Ill 1 hr 00 mill

= $O.OH/yei:'l·llIin

( _~ direct haul vChkle)
15 ,:d3

CSl is the cost of semi-trailer hanl per minute: And L.~l

is the load.lllK capadty of :lCmi-trailer.

C' = ($50) ( 1 hI' ) (1 semi-trailer \-Chide)
"I 1 hr GO min 100 ydJ

= SO.OOlsa/yd3 ·min

m PilP'" ,....110:<:100 ill t.he UIlI,'lS of paper 8ii collect-ed, and
EJl>tl:";r is t.he effectivew..'SIi of 1.Iw paper rceyrHng pm­
gram.

The semi-trlliler
tirm: is

hUll I emit, per unit volume aud unit

The cardhoard to be rt.'l.:yded fK:r 100 14t; of solid W~L'!te

"

. (RO%)
= (5 kg) 100%

- 4 kg

Plot the round trip tillU: versw, t.he cost. per cubic yard
for f>8,cIJ l'lyl'(.eUl. C:Jh. and C:l are (.IIt.· line slop~. Start.
dw semi-trailer plot at the transfer stfl.tioll operation
cost.

5

'The direct haul cost is equi\"aJent to thc l:ost of thc serni­
'.railer llystCll) at a rOllnd trip hUll: of &1 min (&.,) mill).

The answer is (A).

round trip time (min)

The emnpcll;ilioll of l1Ll~ Wll,."t.e ::;ucilm IJdorr 1'l.I)d aft,N

paper and i'llrdboilnl recycling is gin~ll iu Ll.u; followiu~

tahle.

OlUSS as mil.~as ('Oll1poneut:s

coll~(,t('(1 mi:\SS of col]PC1Cd cC1lledal

with flO n.>t;ydf'd after rtfLcr

fL'C)'('linK 1Il1tlffials fflf:yding recyclillg

LVmp0!l(>llt ("") (kg) (kg) (%)
food WlL<;I.(' 10 0 10 14.0

pap~r 35 '24.5 10.5 11.7

ICardboanl 5 , 1.. 1.3
plasl,ic:, " 0 8 II.:!

tC)llilt~ 2 0 , 2.8

yard wa.<;te 2. • 20 28.0

gln.s8 , 0 , 11.2

all or her 12 0 12 11•.8-
t.otal 100 28.5 71.fi IOO.a

PROFESSIONAL PU.LICATIONS, INC.
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74. The grOh."l (~nergy available from t.hc sulid waste is

Tn"... is thp. mass of solid wasl.e. and B...... is the CIlCfK.\'

content of Slllid w".';u.~.

(
1500 ~.R. tOllS) (2OOU Ibm )

day U.S. ton

x (4000 ~~~)
~---

24~
day

:-:- (jOO X lOG Btu/hr

The: stram energy available from thp hoiler is

11~eam is the ~1.l'am ('ffieiclicy of boiler.

R - (600 x 10' BtU) ( 72% )
>-\.C<>m hr 100%

= 432 x loJ:i Btu/hr

The mechani{'al CIl(~fKY available from the turbine L'I

'f1turblnc is t.llP meehmliea.l clJiciclIc)" of turbine.

( . ,; BtU) (28')\)
Eturbinc = 4,32 x 10 ~ 100%

= 121 x lOll 13tu/hr

The g;ro~s electric power generatioll is

'Jekel'1clt! il'l the electrical s:encfi:l.t.ioo dBcicncy.

The b1.ll.tion service allow~llce is

J>.'''1i<.n = (32GJ4 kW) C~~;c)
= U05 kW
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The unacrclImtcd for heat 10l:iS is

l\~ ~ (32611 kW) (l:~)
= 1957 kW

1'hp. net cledric power available is

POd = Pgr<>¥ - Pst,,~iQn - .f\.,...
= :J2614 kW - 1305 kW - 1!l57 kW

= 29352 kW

'fhp overall cfficienc:y is

(29352 kW) (3413 k~u ) x 100%
·hr

600 x 1()6 ntH
h,

~ 16.7% (17%)

The answer;s (C).

75. 'Ihp. frequency of C'-XpOSUTC is

FOE = texPDellr<.'

(1 l") (365 .'!-)
yT

te><"''''''''' is the explllmre time mcaslln~d in days.

FOE = 120 d
. 365 d

~ 0.329

The absorbed dose, AD, is 1.0.

Tbe drinking water equiw.lent lcvd in mg/L is

DWEL = D,,;r(AHW)
(OW1)(AB)(FOE)

Dr,;r is the oral reference dose for MTBE in DlR/kg·d,
ABW L" lhe average body mass in kg, and D\\>1 is t.he
daily water intake in L.

(o.UU;) ~;~) (70 kg)
OWEL ~ ~~.-"'='----

(2 ~) (1.0)(0.333)

= 0.53 mg/L

The answer is (C).

".OFI!$SIONAL PUILICATIONS, INC.
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76. Statemenl 1 is false. JlCRA Suhtitle C addresses
hazardous WMk <lnd ReRA Subtit.lE' 0 addn'S5t'S 0011­

h8,:larclous wastt......

St,at.ement m is faLw. l:SEPA drinkill~water standards
for ;\·1CLs apply to p;roundwll!,n j)rotedioll from sani­
tary lalldfills at any lnl::atioll.

Stat.cmenls il, IV, aud V are tm<·.

The answer is (0).

Using- Depuit's equation, the hydraulic conduct,ivily is

Q In rj

K- r2
-1r(Yi-y~)

(GD ~) (l~~tL) In (O~~51:1)
( ' ')7r (-15m) -(41.5m)

:::: 378.26 X ](}-6 mjs (400 x 10 (; tiljS)

77. The flow peT mel!"..! of galielY is
The answer Is (8).

O.oK(H' - h')
(J =

L

J( is l}w eOf'ffkient of pemlGftbility in m/s. H is the
"""Ut<~r surface height at disram:t' {. ill m('ters, h is the
water surfw"(! height at gallery in meters, a.nd L is the
db:tanCE' to waler surface H in meters.

Q = (0») (n.li> 7) (l~~) ((6 1ll)2 - (0.5 In)2)
lUm

__ 2.68 x 10-:1 w 3 /m·s (3 x IO-J m3 jm·s)

The answer is (0).

78. The thickness d the saturateJ llquifier ut, the ra­
dins of iuflnence lli

79. ToW hardness iududes primarily calciulll a.nd
magnesium ions, and t.u a lesser r-.xtent (hecallhC of nor­
nJally lower oonccllt,raliouli) iron, rnang8.lHo;.;(\ s{,rontium,
and fLlulllillum. The conccnt.ratiuns of Iw.rdn€ss-eausing
iOIJS are

Ca2 to = 90 mgjL

Mg2 t = 38 mg/L

Fe2+ = 0.10 mgjL

E = J\I/
Z

f; is the equivalent Vo-eight, and ,\1 is t.he molecubl.r
weight. Z is the ab.,>olute value of the ion change: the
nnmber of H+ or OH- ions a specie; ean react witL or
yield in an acid-base reaction. or thc absolute value of
the change in valence occcurring in lUI oxidation-reduc­
tion rc.actiou.

Y;nf is tll(' phreat,ic surfan' elevation at the radius of
illfhwllCC, and 9boLlo'D is lh<: elevation of the bottom of
t.he aquifer.

!II = 100 m - 5!) III c.= 45 III

The milkqllivalcnl~';arc
40 rug

Ca2+ = = 20 mg/m€q
2

'+ 24 mgMg = = 12 rngjmeq
2

'+ 56 rngFe ",-, = 28 rug/Dlcq
2

Tho.' tbirkuC1>IS of the satm:l.t.ed uquitier at the well is

Y2 = !Jillf - YI",tl",l' - y,lrJ<wdowll.

The hardIl~ ions in meq/L are
C

H~­
E

Y<lrl1.W~1l is t.he drawdown in t.he well.

112 = 101) m -:,5 m -3.5 m = 4.1.5 rn

The mclius of tim weJ1 is

H is the haTrlnes:; in meq/L, C is the concentration in
mgjL, and E is the miUeqnivalellts of hard.lles5-e.au.'ii.ng
iOllS.

90 mg
C" 2--'-- La = mg = 4.50 mcqjL

20--
meq

= 3.17 lIlcqJL

1I4',
38 T
12 mg,.

meq

0.10 mg
n·?+ .: L = 0.0036 meqJL

28 llIg
meq

DWell is the dio.met,ef of the well.

r, ~ (4W nuu) ( 1m)
2 1000 IHIll

-= 0.225 III

PROFESSION .. L puaLICATIONS. INC.
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The: milll'quivalent. weight of CaCOs is

. 40 mg + 12 ml! + (3)( '6 mg)
t;L'aCO~ = 2 ~.-

= 50 mg/mC{1

The total hfmJUl'8S as CeCO;} is

(
meq llJeq nwtI )4.50 - + ;l.17 - + 0.0030 _.. ".

L L L

x (w mp; CaCO l )

1nC<1

= 384 mg/L as CaCOl (380 111K/L as CaC03 )

The answer is (A).

80. The soil perm<:ahility is

r (~"Om)(IY')( Id)\ = .) yr 365d 86100s

= 1.1 x 10-5 mjs

The tot-al flow for eadl drain is given hy the rat.ional
eqllAtion fOT Tadial flow. /1 i<; the length of the dr(lin
in meters, H is the height. of 'the 9.'ltter table above
the invert. of drain at. the midpoint of drain spacing in
meten>, h is til('. height of the water k"cl above t.he drain
invert in tbe pipe ill meters, S i~ th<,: spacing between
drains in meters, and d is the rliamctcr of tLe drains in
meters.

Ill)'- (1200 m) (3.5 III -- 0.3 Ill),
(

100 m)2.3 log
0.3 III

= 0.02287 m:l/s (0.025 mS/!!»

Q ~ KKL(H-h)
~

2.3 log ~

1l" (1.1 x 10
-

I
!

The answer is (C).

PROFESSIONAL puaLICATIOMS. INC.
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Solutions
Geotechnical

81. C<msolidatiOIl is (';nkulaled at poim A. the mid~

point of the &X."ond day stratllm (Iayc!' 2). It i.'1 rt:a~

~lIable 1.0 ~l.SSllllle that. t.he lllCre3-Sp ill pressure at. the
midpoint of the layer (:JIll be computed using the 2:1
stress distrihution met.hod. and that. the stress spread
stan." at the lower third pviul of t.he piles.

I. ,,
4.5 m

The initial pressure at point A is

(3,5 on) (4.5 m)
(4,5 rn + (2) (6.25 m) (0,50»

(
3.5 on + (2) )

x X (6.2.5 m) (O.;lO)

(19.1 kPa)
,

~ 19.1 k.'«rn

Po.4. = L "(. Zj

- (17.~ ~) (2 ill) + (19.0 ~) (2 m)

(
kN k:'l)+ 19.0 3 ~ 9.81 3 (11.0 m)
"' m

( kK kN)+ 18.0 3 - 9.81 3 (1.25 m)
111 m

= 184.3 k1'\jm2 (184.3 kPa)

( kK)!::J.PA = 127.0 2
on

For a layer of soil with thickness H, t,be settlement S is

To determine the chan,e;e in pressures, Llp, calculate the
pressure change at the midpoiut of layer 2 using the 2: 1
stress distrihntiou metbod, and assume that the .-;t,n'oSfl
foIpread staru; at t.he lower third poiut of the piles. The
cluwge in pressure at point A is

assumed perimeier
of surcharge area

2000 kN

.......~
" ••• 0,.1--'...."..........

, ..'".'-

3.5 m_1

rigid cap

,
i,,
!
i
i
~,
~,

,

T1H" equivalellt. pressur>' at the lower t.hird of the pile'S,
Peq, is

s~

The sett.lement in cla}' layt~r 2 L<;

p
Ptott = n (,

2000 k)/
-

(3.5 Ill) (-1.5 w)

= 127.0 kK/m2

To dl't('f1nin~ t.h(~ initlnl presSUT*" p". calculate the pn..."i­
sure frum each soil layer individually at. t.be points of
inl.ert'St.

(
0,:\2)( )

8 2 = 1 + 1.03 2.fl1O

kN k'l"
184.3 2 + 19.1 2

x 1011; 10 m III
k:'l

184.3 2
m

=O.017ru (17mm)

The answer is (8).

PROFESSIONAL puaLICATION$. INC.
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82. The bcmonite eOIlTR.nt ill bfL~p(1 011 dry weight. The
dry 1I1lit weight, is

The unit wttight of lland abovp. the water table (aft~T

ICrn'ering dw water table) i!i

k~
.... 17.0 -.,
, _~lII'

-'(.I = l+w = ]+0.1-8

= ]c1.4 kN/m3

)'= )'.1(1 +w) = (15.6 :~) (1 +0.11)

= 17.3 kN/m3

'1'11<: rlry uuit weight of day is

The water content of cia)' i"

( k")SOh... (2.68) 9.81 n:3
1«= =.. -

1+r. 1+1.15
= 12.2 kK/m3

Encb lift Ims a thidmess, t, of L25 mm. The t.ot.al layer
weight, W" of e~:h lift 1.<;

\ \f.....r...1 = t7J

~ (l25 nun) C~/:ll) (14.'1 ~~)
. ,-= 1.8 kl'\ /m

As S% (hy weight) of this mixture is Ix'utonil£>, the t.otal
we-ight of bentonite required JX~ lift is

'Vl>oo"lt>l'li~ = O.08IV">l...J.

~ (008) (L8 :)

= 0.144 kN/1ll2 (O.H kN/w2 )

Se
tll=-~

SG
= U.4:l

(1.0)(1.15)

2.68

The answer Is (A).

83. The h)'draulic ~rfldieut, i, call be calculated from
the lC1\.('hale IU)Rd, It, and the thickness of the clay liner, t.

. H OJi I1l + 1.2 I1l
,~- .~

t, l.2 HI

- 1.42 mjm

The !>llturatcd unit weight of clay is

( kN)"ISA.! ='Y<:t(I + w) = 12.2 m3 (1 + 0.43)

= 17.4 kN/mJ

Tlw dfectiv(' \'elocit.y i~ given by

• (. , em) ( 1 m) ( on)v = J\ i = h x :lO- ,,- ---- 1.42 _
~ 100 em ill

::. 8.52 x lU-~ mj.5

The flow fn!" the ontir'e landfill Ull a.n anuual basi~ i!i

Q = vA

~ (8.52 x1O-~ m) (a. 16 x107 s)
S )"1"

x (;«10 /l1)(40U III)

= ~.2 X wi m'J/yr (JuJ 1JJ3jyr)

The answer Is (8).

The initial effective [o;tre.5f; at the midpoint of the clfl..y
layer is

O"<l=t7-'U

(
kN kK)18.4 3 - 9.81 1 (30.0 m)
m Ill'

(
kN kN)+ 17.1 3 - 9.81 3 (4.0 m)
m no

= 288 kPa

TII1~ final dfeetivc stress At. l.he midpoint. of Ole day
layer is

Of=O-U

= (17.3 ~~) (I6.3m) + (18.4 :~ -9.81 ::)

(
kN kN)x (13.7 m) + 17.4 rn3 - 9.81 rn

J
(4.0 Hi)

~ 4:JV kN/m' (430 kPa)

kK
_ 18.4 ~,
~,

Ill'

"Yd=l .... 1V = 1 +-0.18

= 1,j,{j k.\fjm3

PRO,.ISSIONAL PUBLICATIONS. INC.

84. Fiurl I,he unit. \\.1?ight.<; of the soils. The dry unit
\\'eig:ht of :,land is

I

l
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mm, the degn:.-~ of C;()I1~

C,.

,
~ O.rY18H
o yr =

." 1. [·2 ,. . . I

.Lv = 4;11" I~ tl.h < 0.60

= ~11"(O.247)~

::.;: (1.(l48

The t.im(' fa.d,or, T,,, <;f1.U ue found in a table of fl.p-­

proximate t.ime fll.l:tors, or ealculahxl frum the followin!';

equation.

H'
- = 104 yr
C"

fhe time factor L'i

lohr tbe total scttlclilCut of 250 mill,

Tv = 1'11"(0.'198)2

- 0.195

(,'1'"(646 s) C"lgo,l
-

(0.05 mF (21) mF
(646 :;)(25 til):! (1 min) ( 1 h )

t90,1 = -- (0.05 m)2 60 s 60 min

x (2~~~) (3~;d)
= 5.12 yr (5 yr)

The answer 1$ (C),

'fh<~ time for It laye!' to reach a specific consolidil.tioll is

PROP.SSIONA.L PuaLICA.TIONS. INC.

u~ = ~fl _ J24 m~
t::.HuLt 502 mm

= 0.2-'17

AH ",0 m,o
U~ = ~ -'"

6H uLt 502 mm

= 0.'198

87. For t.lle settlement of 12-1
soJida.tion i-,

Siuce Too is the !XUllC' for hoth the sit.e soil and the S1UIl~

pie soil, the right hand side..'! of the last two cquat.ioll.'!
are also Nlui\'nknt

For I.he 25 m ehwc:r iOilt layer,

'I' C"t9U,I
..190 = 2

H,

C.,;lOO,J
-

(25 U1)'2

(
HXI em),..
50 (~m

fl (7/
·-Cc log -

l+c' iTo

(
RO m ) (0.- 2) (I 4:ID kPa)

- 1 +1.15 ,3 ~ 288 kPa

= 0.21 III (0.20 ill)

~ (0.25 c:m)'
10.0 em

~ 0.000625

K~ (A') (!) log h,
A t. hI

.,.(6,m)
~ (0.00002» ]:irs,
.':: 2 X 10-0 clUff!

A

flU

.4'

t!JlI, i:;

(1' '2

Thi~ ellU Ill) l'eal'l'lln~e(l to giVll

Tpo = C;.;~o

For the c1~sey :>lIt. sample.

(
60, )too.~ = (10 nlill) --:- + ,16 s

. 1 niln

= 646 s

H 6 = (5 em) CfOIOI:~U1)
= 0.05 m

Ct1" 11 ·oo.~
90 = H2­,

C.(046 ,)
- (OJ},; m)2

The answer is (0).

86. The iime requi1'(lc! to achieve 90% comdidalion,

The answer is (8).

'fbI' rati~ of the areas can he found from the ratio of
the diamdcl1>. .4 is the CH)l'......scctivualarea of T,hc soi!,
..4' is t~ t:rCb....,.sectionnl areu uf the st.andpipe.

85. For n falliug-head p€rml"'Anwtcr, the coefficient of
permea.bility Lq

The ult.imate Ht'ttlt:nllen\. of tJ1c day layer is
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50.0 kPa

The ti1m: t.o reach the Neulelllcllt of 250 HUll is

IT'
I = T;; C··

• t'

. (019))(104 yr)

-'-·20.3 yr

The relJlIulling tillW t.o rC8ch a liet.tlenteut of 2.:'0 mm is

.:It _. 20.;1 yl" - 5 yr

..015.3)'1' (15)'1")

The answer;s (C).

88. Sillce the baekfill is horizontal a.nd the' ret.ainiug
wall L"i smooth. the coefficient. (If act.iv(~ earth pressure if<;

7.75 kPa

3.5m

6.5 m

x

,(, ")k.. -tan 15 -2

( 32")= tan:.! '15" - -2

= 0.;3 [

To t1et,C'Tmine the total rcsnlt.l\.llt foree Hnd the loeat.ion
of t.he moment iU"m. divide tllP backfill int.o five <:ompo­

llellL'i.

For the sllfcharKc <l-t. the harkfill su1'farfl, the cffeet.ive

stres.s L"i

a;,. \ = k"a;, = (0.31) (2fl kPa)

=7.7fJkPa

Thp re:;ultant. forces me tile areas of the geometrieally­
Hhaped pn~';SUIe distributions.

R l = (7.7;; kPu)(3.5 ill) ~ 27.1 k1\/m

U:.!.---o (~) (28.9 kPa -7.75 kPa)(3.5 m)

= .37.0 ki\jm

U;j --=- (28.9 kPa) (6.5 m) = 187.9 kJ~/H1

H4 ,(~) (.){).U kl'a - 28.9 kPa) (6.5 m)

= 68.6 ld\jm

Rr, = (~) (113.8 kPa-fJO.U kPa)(ti.G m)

= 207.4 kNjm

For t.he slIrc-harKC. sand ahoY!' t.he water table. IUlll sand
I",low th~ \\'at.er u\ble.

Summation of l1JomellLS »hout point C giVI:,!) the 10l:a­
hon of the rC'.!;u!tant act·lve force ilgainst t.he Tet.aining
wa.ll.

kJ\ kJ\
+68.(; - +207A-·

III III

= 3.25 1lI (3.3 1lI)

The answer;s (8).

(271 k~) (8.2'> m)+ (37.0 :-) (7.67 m)

+ (187.9 k.~) (:3.2fl m)

'"
+ (68.6 k.'J) (2.17 m)

m

( k")-l- 207.4 -;; (2.17 Ill)

-------,'"kN k.\l k.\l
27.1 - + ~7.0 - + HW.9 -

!II III m

k")
III:!

k")...,- (:1.5 Ill)
Ill'

k'" )----:i (G..5 Ill)
'"

:. 11 = a:,c +1..,H

= 1'10.0 kPa + (9.81

= 113.K kPfl

(
kN

- 28.9 kPll I· (0.31) 20.3 -, - 9.81
on·

x (6.5 m)

= GO.n kPa.

0'" ,(';

tT..,1.l = 0-;, ..... I ka.'jH

= 7.7.5 kPa - (lJ.31) (19.5
= 28.9 kPn

For Ul(~ ~urchllq,(l1, sand ,\uuve t.h{~ water tllhle, o;and
bdow the water tabh~. and water pore pl'eS.'illre,

i

l
PROFESSIONAL PUBLICATIONS, INC.
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89. For a loose, nat.lIra] saud deposit. the rodficicnt of
earlh pn:ssnrc at rt'Sl. cnn he pstimated as

Since t.he soil :;itl!lpic b 8atun}~ed. t.he dep'C(~ of satura­
tion is 100%. 'fhe \"okl ratio is

Se='wSG

wSG
~l ~ 1 - sin~; = I sill 290 = 0.52

The LOLa] at-mst lateral (lert h pres.~lIT1' is f! = s
(34.7%)(2,7)

100%
~ 0,937

,,
This (:an lie rewritten l}::l

(1,. = 01. t- It = 1.0,,0:, - u = koib:: t u

= "'" (1'II<'~ - 'Y.,,) .:: + ~,w:;

(
kI' kN)= (O.,j2) lfl.:l ----:i - 9.81 -'3 (10 m)
m' m

( kl')-I 9.81 ma (10 m)

147.4 kN!m'J. (150 kPa)

The lOLal lmit. weight i!:i

,~(SG +s,,) .
. l+c ''''

(
2,7 ,.0,937) ( k!')= 9.81 --,
1 + 0.937 m-I

= 18.4 kN/m3

The answer Is (D).

The answer Is (8).

mm
i:I.63 X 10-7

90. Dart'r's Illw gives the effc(,tivc (apparent) velocity
l,hrough the clay lincr.

The active force per unit len~h can he calculat.ed using
Rankine theory.

p - !."'H~k·"-2' <l

~ m(20 ~) (22 m)' (0:13)

= W.O kNJm

The overturning moml;nt. per unit. lengtlJ of wall is givell
by the following equal,iou. Al ii; the overtnrninj!; mo·
ment. per unit lougtu of wall, l\nd AIH is the tot.al over·
tuming moment.

M,.... lv1n. = p. H
L "3

( H) (2,2 m)- l(Ul III --i-~

= 11.7ld\·lu/1ll

92. Since the backfill i.;; horizontal and t.he rctuillillg
wall iJ,; smoot.h, lhe coettident of nctive earth prfuSUTe is

J.:" = t.itu:! (4S
0

- ~)

= tan'"' (450 _ 3~e)

~ 0,33

0.88
I + 0,88

0.47
= 1.2 X lO- li

lHllI/S

--

(~

n' --- ~

l+f
~ 0,47

e~

1 - n

The answer is (C).

The problem asks for POI'I~ vdocil.y, Vpor,,' Porooity, n.
rdate.'! tIw pOre velocity t.o the dflx:tive velocity of the
flow.

UUU) (2,25 m)
s 1.00 m

"-' 5.63 x 10-7 lIuu/s

91. This prohlclU i" solved using" the st8.lJdard weight.-­
vollllll~ relAtionshipti for wils.

The woL"turc oont.€nt i!:i

IV.., lUw
Ul=--~-

H·s rIl,

1733 g _. 1287 g nnftf
= X JUUfc

l'l87 g

= 34.7%

The wei~ht. of the: wlul (per unit leogI.h of wall) is I.Ile
ouly vertical force.

P
\V = L = II aicon<:-l~t~

= (2.8m)(1.0 JIl) (25 ~)
= 70 kN/m

PRD,t:SSIOMAL PU.LICATIONS, IMC.
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The yertic-al Pre:3Burc at point A is. the maximuJU pres­
SIIr<: beneatb the ",,~II.

JlA=Pmax=(;L)(l+~)

~ (~) (1+ ~)

Thn eccentricity is

Mn M
£.=---p=W

kN,m
117 - ...

m
kN

70-
m

=0.167111

PA= ~: (1+~)
kK

_ 70 ~) (1 + (6)(0.167 ill))
1.0 In 1.0 m

~ 140 kN/m' (140 kPa)

J1'Ie answer i$ (0).

93. l-br uniform sands, t,he permebobility can be (~t,i­

rna-t·ed using the following equation.,
K mm/il ~ CDlO,,,,m

The ooeffici('nt C varies between 10 and 15. The effec­
tive grain size for this soil is approximately

D IO.run, = 0.15 !lUn

A~lIming C l){'juals 12, ,
K mml• ~ (12)(0.15)

~ 0.27 mrnls (3.0 x 10-3 cm/s)

Thf! answer 1$ (8).

94. The diffen~nt verticill coefficients of IK:rmeability in
t.hcse strat.ifi(.x1 anisotropic ~ils can be combined ioto
ooe p.fTectivt, vcrtkal cot'fficicllt of permcability, K.

K
_ E lTj
- H

E--'K j

~ __"';:·c',,m::..+:..:Jc·o",fi.,...+:....oa,.0,"":;';;-__
__ cc2".5c.,=n 1"11 m

mm + mm
3.0 x LQ-s - 2.0 X 10-6

S ,

_,---:::1'::0.cfi::-'nm+- mma.s x 10 I;
s

""_ 4.7 X 10-6 mm/s

PROFESSIONAL PUBLICATION., INC.

From Da.rcY'5 Law,

v = Qt "'= f{iA.t

=J(II L At
D

~ (4.7 x 10-' nUll) ( 1 w )
s lOCK) mm

x( 1.5111 )
2.~ m + 1.0 Ul -l 3.0 UJ

( aD u)x (GOOO m 2
) ((j 1110) 1fiO

xC::) (~~s)
= 84.3 m3 (&'i Ill3 )

The answer Is rAJ.

95. From the ~levation information giv€lI, the t.olal
head i:;

1t=365m-360m=5m

From the Dow net. the total number of head urops. N u,
is 14, and the number of h('M drops to point A is 12.
The depth at point A is

ZA :..: 300 In _. 350 m

= 10m

The head lost. at point A i ..

t!.h~ = It IlInnber of !J<':ll.C'I drops t.~ A
. Nu

~ (5 m) C~)
= 4.29 IU

The pore pra,;sure at point A is

PA = ~(",(h + ZA ~ !'1.h.'l.)

= (9.81 ~~~) (5 m + 10 III - 4.29 m)

= L05 k.."'l/m1 (105 kPa)

Jhe answer;s (8).

96. The effective area is the greatest pos..~ihleportion of
the footing :meh t.hat thc IesulLaut forf.p. Pass€s throll~h

its centroid. Given a rectangular foot.ing of width Hand
length L, and a Load with tX:ef>ntricity (of 0.15 III in the
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( k..'l) "_ kN= 110
m

\! (l.l)(.l.f) +8.7 m 2

= 69SA kNjlll'l

Pull = qlll~ 1]

= (698.4 ~~) (2.0 m)

= 1397 k.'\Ijm (1400 kNjUl)

RQD= (89cm) x 100%
123 em

-: 72%

The answer Is (0).

98. The rock Qualit.y designation is defined as the l()lal
lr.nKth of all int.a('t piCf'~ to em or longp.T, cii"icierl hy
t.he t.l>tnlllll:lgth uf the (,'I)Tt:'. expressed as a percent.age.

The answer Is (e).

Therefore,

D' = D - 2£8

= Lflw - (2)(0.15 Ill)

= 1.2 1lI

{/=T,-2..-t.

~ 3.0 m - (2)(0.5 on)

=2.0m

A" It£'
(1.2 m){2.0 m)

= 2.4 m 2

The answer is (C).

97. The ultimatE' l.>earillg capadl.~' is gh'ell by the fol­
!Ov.'1.llg cquatiolJ.

n-directioll a.nd 0.5 In in the L-diredion, the equivalent
width B' uutllcugth L' or the effective iiH,a are

I
!
~,
•••
••
•••,
,

From a tahk of'D·l7.nghi h(~HJ"iug capaeity fa.dor::!: wheu
6 equalR 00, t.hen .Nr is 5.7, N,/ is 1.0, and N 1 i.<; O.

Th~ ~hapc amI t1elJLh factors arc

).,'J~ = ),"'$ = 1

A?rI. = ).",d = 1

99. Th~ ulr.iml.lte pullout capacily of the pile is COtll­
poserl of t.h(~ pile weight. and the skin friction. The
weight (If t.h(~ pill' is

7'UP
W :.... I"A",!, = r'-4--:."

= (G.O m) (r,(O.30 m)2) (2.5 k~)
4 m 3

~ 10.6 kN

The value of DI [. is so small it can be taken as ;own), so

),C~ = 1 + 0.2 ~ h\1l2 (4.5'" + ~)
~l

"cd = 1+0.2 r;: tol.ll (45<'> + ~)

(
10m) ( 0")= 1 + (0.'2)? t:ul 45° -I ?
_.0 In ~

~I.I

Tbe !1urdlarge is

The skin frkt.ioll ill'ea is r.1lL. Thu skin friction i::;

qJ = klo 17':, t.an t'lr.dL

L
= kilT;:; tan IhrdL

•

( kN) (6.0 ",)= (1.1) 20 m:i :1 (t:.\n25")

x r.(0.30 111)(6.0 11\)

= 174.0 k:"J

a:, is the a....erage eirecth·e vertical Pl"ffiSure of the soil
along the pipe and is equal l-O ·(1./2.

Thl: pullout, c.l~~I(·it.)· L<;

if = bWl -7v.) VI

(
k~ k..'l)-=- HI.'" -. - 9.8 -3 (1.0 ill)
m,l III

:.:. 8.i kK/m2

P = HI +Q, = 10.6 kN + 17·1.0 kN

~ 184.6 k..'l (180 kN)

PIIIlGFESSIGNAL PUBLICATIONS, INC.
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100. Tlw t.ror.:11 primury eonsoJjdalion st'ttlemelll is

H
p

= C"H,_ log (J!~ + A/I..-)
1''''0 p",

_ (O.2fi)(8111) (240 ~Pa+ 130 kP~)
- I +1.02 J014 2,1(} kPa

= 0.194 III (200 lUlU)

The answer Is (0).

101. The liIlI(~ flldor for Ule day layer is

'T _ Gill
.1,. - H2

d

(
. _0 >n')<. 1(3650)7.6 x to . - 3"

s ¥ 1 )'T

__,-'(>..2:....~,) ('~~,)

(G~m)'

00.80

Interpolating frwlI Ii. table of time fact-Ors, the <!f'gTee
of oousolicUltioll, U", fe)r a t.ime factor of 0.80 is ahout.
887[. or most. nei.\.fly 00%.

The 8nswer Is (0).

102. ThE'! tilile fm:t,or, Tt" for a spcdfied avem)l;c degree
uf cOIlsolidal,jOJi, Uz , is f()und from a table of approxi~

matc time ['actors.

For a.n avel'll.l!,'() rl.eg-ree of consolidation of 0.90, T,/ is
approximat('ly (~l',lal to O.R5.

The time re1lllircd r.o achiove this degree of consolidation

"

( ') (20 "')'O.~v 2

"~-'-=~-~~- ('1.3 X 10-7 m
Z) (:{fJOO~) (2-4 h) (365 d)

s 1 hId 1 yc

= 6.3 yr

The ans~( is (e).

103. Fm olle-diluf:lt....-il m~1 loadiug, the excess pOfl' wa­
tE'r prCSl:iurt~ at. beginning of loading. U;, is 100 kPa. As
l.iUl~ pI\''i~. Uot! CX~"(''l>.'i POfl! wakr prcssnre 0==.

The an5wer is (0).

PROfESSIONAL PUBLICATIONS, INC.

104. T~'n formul<lJ> for r.a.Jculutiug, dry unit weight. ;,ue

-I
....(l = - ­, I III)

SC t ..,
~ -.n - I + e

Therefon:,

1 SC-,,,,
-

1+11: 1,.'
SC( I + 11')-, ....

('= ·---1

( kN)(2.72)(1 -I 0.08) 9.81~

_ kN -~1

Idi 3

'"= l).&~

The dCgI'l:i> of salnratiOll is

s = sew = (2.72){0.08) x 100%
t:: 0.64

=:u%

The answer is (0).

105. From the grain size diHtrihul-ioll, DI{I is 0.02 mm,
D30 i~ 0.6 mm, aud J)oo iJ> 8.5 mm.

The <:odticiem of curvalllrc is

,D30C,.= -.-
. DlilDtill

(0.6 IInn)2
--

(0.02 HlIll) (8.5 nUll)

= 2.1 (2.0)

The answer i$ (A).

106. In order to dctennine the appropriate ad.iw soil
~m::::;::;lIrc ('n\'elop~~ to use, it. js llece.5S3l)' t~) det.ertnillc
if the da.y is ~ft. medjulll. or sl.iff by calcll]HtiJl~ the
staloility number. No.

( k")18.3 ~ (8 III)

kN
23 ,

m

= 6.4

No is grC<lh:r than 6, W the loratxd rut. is in ;;oft clay.
The pl~tm: di!;lribution for soft. c1ar is :;IIO'\"n.
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= 943 kN

O.25H

O.75H

L Me = PA(1.0 m) - (')4.4 ~~) (6.0 m)

(6.0 m) (I) ( kK)x - 2- - '2 &1.'1 m2

(
2.0 no)x (2.0 Ill) 3 (4.0 m)

~O

(544 ~)(60m)(6~m)

-0) (544 ~)(20m)C~m)
4.0 m

(!W1 k"')

The answer 1$ (e).

107. The unit skin frictiun along the pile is found hy
the l'fluation

III tills prr~,;surr rlistribUl·iou (which is stridly applieahlc
for H > 6 III and h watl.'l· table below the bottoru of the
cut): acti ....e pfl.~nrc: is

1)" = 7H - 4c

_(18.J k~) (8 m) _ (-1) (23 k~)
Ill' m

= [11,4 kNju? (i'i1 ..1 kPa)

15D· 3.81 m

depth

71.6 kPa

~ I
I

"-
I
I

"- I
I
-

JIi = k(1~ tau ti

q~ = 1Z = 18.8z

vertical
effective

stress

fbr I\. depth greater or oqul.ll to l5D,

n~ ='YZ ..::.115D

( kN)= 18.8 -~ (15)(0.254 Ill)
III"

=. 7\.G kI\1m2 (71.6 kPR)

TIll' resulting verticaJ efftx:tive stress distribution IS

shown.

The <:rit.ical depth is 151::1. Por a. depth. z. frow 0 to

ISH.

6.0m

2.0m

2.0m

2.0m

4.0m

1-- ~P''----''

The pl'e'SSur~ distl'i1mtioll is

D.r resoh'iug the pr<:s-"Iuw di....trihution into resultant
forces and taking 1lI0lm:ul'."l ahout point R, the force on
~r.rllt A iR

P~O'I.S.ON.aL PUBLICATIONS, 'NC.
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108 CIVIL PE SAMPLE EXAMINATION

For the four sides of tbc I'Iqunw pile (4nf/) and the
average pres.";ucc, the !lkin-fridion capacity along the
pile from Jepth 0 to 15D i.'l

QI = 4BL' fa ..~ = 18L' ~kl'1~. tan IS

~ (4)(0.254 m) (15)(0.254 >il) G)
x (1.6) (7U; ~;) (tan 0.6 X 35°)

--'-' 85.1 kN

The !'ikin-friction capacity along the pile from depth
1&D lo 10 III i;;

Qf = 4B (L - L') fz""l~r;

~ (4) (0.254 m) (10 m - 3.81 m)

x (1.6) (71.6 ~) tan (0.6 x 35°)

= 276.6 kN

The total frictional resist.imce along the pile is

Q...wt.al = L Q, = 85.1 kK +276.6 kN

~ 362 kN (360 kN)

The answer Is (e).

108. Rankine theory for a passi\'C earth condition
should be lIHed to ;;olve this problem. The I~ivc eart.h
coefficient is

kp = ta1l
2 (4!10 + ~)

( 28')= ta1l2 45° + 2""

= 2.77

The total force per meter of wall is

p = ~7H2k." + 2cv'k;H

~ m(188 ~) (30 m)'(277)

+ (2) (l6 ~) Vz.77(3.0 m)

~ 394.1 kl'/m (395 kN/m)

TM answer;s (B).

109. Th~ effective miuor stn,,'Ss at failure is

0'3 = 200 kPa

PRO'ESSIONAL PUBLICATIONS, INC:.

The effective major strctiS at failure is

0'1 = 200 kPa + 468 kPa

= 668 kPa.

The angle of internal fridion can be calculak.'d ll."ing
the following equation.

0' I I + liiu ¢-
0'3 I sin¢

. . 01 -if3
SIIIIp =

0'1 + 0:1

668 kPa - 200 kPa
-

668 kPa + 20{) kPa
= 0.539

¢ ~ 32.6' (33')

The answer is (C).

110. The buoyant unit weil/,ht i<.;

'Yb = IS&t - 1'w

(
SG +<)

= 1 + e "['" - 7",

(2.66 + 0.62) ( kN) ( kN)
= I + 0.62 9.81 m3 - 9.81 mJ

~ 10.1 kN/m' (10 k.~/m')

The answer'. (A).

111. The ultima.te bcnring capRCity is given hy the
equation

The footing is placed ncar the ground surface, and Pq
equals 0 k~/m2, so Pq + ~(Df is 7..ero.

A table of Terzaghi bearing cslpacily £a<.:tons ~OW:-l tlult
when tb equals 25°, N" cqua.ls 2[1.1, and N... cqua!l:l9.7.

quit = (".Ne + ~1'HN"l'

~ (14 ~~)(251)+m(186 ~)
x (1.5 m)(9.7)

= 486.7 k..'l'{m2

5% kN

- ,7'~"L
B 1.5 m

= :197.3 kN/1lI2
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112. Coulomb's equation rela.tes soil stren!';th to the
normal stress on the failure plane.

1"S =
IJltdLJal

= 1.22

The answer is (8).

kN
486.7 2

ill

k'l
397.3 2ill

(1.2)

Thc maximum principal stress is

p P
0"1 = - ~--

At 1rdJ.
4

0.4:3 kK
.. -T',(:CO..c04:Cj=,=n0»,

4

= 326 kN/m2

S=7=cl atan1'
The undrained shear strength is

The shear strength of sand, c, is 0, so

7=O"tan1J
k;.J

7 63.4 2
tan 6 = _ - IIl- __

. kN
0" 100 _

m'
= 0.634

0,
S,. =c=-

2
k'l

326 2m
2

= 163 kN/m2 (HiD kPa)

The answer is (8).

l~se the S<'l.me relationship to calculate thc shear strength
of that soil for a normal stress of 75 kN/m2 .

114. Since this test is performed under drained condi­
tions, there is no pore water pressure.

7 = ulan l' = (75 kN) (0.034)m',
= 47.6 kN/m

kN kN
=280 2 + 410 2III m

= 690 k~/m2

The shea.r force required to callS(~ failure is

(
. k'l) ( . )'5=7A= 47.0 2 0.06m
ill

=0.17kN

The clay has no drained cohesion, so the effective prin­
cipal stresses at failurc can be related by this equation,
solving for 4;.

ai l+sin¢

a~ 1 sin <P

The answer is (A). Thc follm:vinl'; equation is also commonly llsed.

113. During an undrained test, the volume of the sam­
ple does not change.

, , ,( 0 ")a1 = Us tan 45 +:2

Solving for ¢,

¢ = 2 arctan f!;i -45°
a',

kN
690

m 2
--k~NS" - 45°
280 _.

m~

= 2 arclan

1rd}
=HJ ­

4

{Hc
df = VHjdv

9.1 em (4.0 em)
8.67 em

= 4.1 em (0.041 m)

PROFESSIONAL PUBLICATIONS, INC.
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Tlll' angle bel~vccll tJl() failure plane and the major prin­
cipal plane is

a- = 15v + r/J
2
25"

4 -0= ., +-
2

grci\t,eT tho.n 11. The AASHTO da;;;<;ificat.ion and 19"0Uj)

index of this soil is A-I) (:{).

The answer Is (e).

The slwar ~1.res.,,; 011 the failure plane is

= 1~.8 kN/m'2 (100 kPa)

o~ - of, . "0
7/ = 2 illn~

k:-l kN
690 .- -280-

m2 Jut

2
,;n «2)(57.5°))

117. US(: Il. uses taIlJ,· to solve this problem.

As less than 50% passt:S a no. 200 sien~, the soil is coan;c
WalueJ.

More tlUUl half the coarse fraction i.s finer thall no. 4,
SO the.soil Lc; (l. salld (8).

?\'!ore dum 12% p8Sl:ioU! a no. 200 SK.·YC, so the soil will
hf' r:las;ifil.'(! as rither 5.:\1 O[ SC.

The plasticity inrJp,x iiol

•
i

The answe-r is (A).

115. Till: v(lid ratio oftlJ(~ sand can be calculat.ed using
the foliowiuK formula.

SCI")
,~_. --1

"
(2.65) (9.Rt ~~)

- k:'f --I
16.5 -,

m
= 0.576

Relativl.: density can be calculated with the following
formula.

Dr' = _(:'1Il":'" ('
ema.x - t~min

0.78 - 0.576
~ -_.....

0.713 - OAI
= 0.11;)

The answer Is (8).

116. The group imkx is comput.eu iL'l

J" ~ (P,,,,, - 3.,)(0.2 + O.005(LL - 40))

+ (fl.Ol)(P"", -15)(PI -10)

~ (45 - 35)(0.2 + (OJlO5)(40 - 40))

+ (0.01)(45 - 15)(13 - 10)

~ 2.9 (3)

Thfl perU:'lltagc pa.ssing a no. 200 si('ve is greater than
:169<:' t.he liquid limit is 40. l:llld the ph.,>ticit.y imlcx L'l

PROFESSIONAL PUBLICATIONS, INC.

PI = LL - PI.

=55-20

=-- 35

With a. liquid limit of 55 and a pblhtieit.y index of 35,
the fine-graiuoo fr<LCtiou of the soil classifies as highly
pla..'it.ic clay (CH).

The soH is t.h~r€fot'e dlL'iSitied as SC.

The answer Is (A).

118. The 8,ctive foro' can he ('Il.lculated Willlg the
Rfl.nkillc thenry.

R" = ~IH2ku

(1)( kN) ,= 2 20 HI:1 (::1.5 Ill) (0.;);1)

= 99.R kJ\jm

The lIi,l(:ktill i:<; Ilol"izontAJ, anu t.he wall f~ is vertiCAl.

k" = tlm
2 (450

- ~)

(
30")= Lau<! 4-50

- 2

= O.:.t:3
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,

, The prAA<mre due t.o the lot.l:\! uead l\mllivc load IS

J> :'tl.'lJO ki\"

q = ilL - cm m)(31 m)

= ,jet.l k!\jlH2

The elHbedmeut. d~pth f{JflllUcd t.o haw a fully (,"olllpen~

sated fOUllJatioll L'i

1 D =q
H

k:"
D~q

54.1 w'- kK7 18.1
Ill;!

= 3.0 III

The answer Is (C).

120. Tllll factor of safel:y fl~l\iu...;t sJirling can be ex­
pn~'l~~1 no,;

All forces nrc ill ,,'quililirimll, so the Sll111 of the momf>nf.s

about. point. B is zpm. TiLkilig IIInlllCllt~ a.bout U allows
the t.ie rod furl.'(: W IKl ignored. TIll' mument. balance is

L n,. is the sum of fOlTll.'> per unit leogtL or wall J"{""­

sisliug ::;lidi1Ji,. nnd L: R(> is ll.e 1>U1lI of forces peT unit.
length of \-,rall l'aIL...lUg s1irlin~.

= 73.5 kN/liI (70 k)J/m)

L.i\1t~ = H" nH - z... ) - Bl , (H - Zlr

~O

..... -.... -.. -

";;C::'-' ",,--..--.::': ,,~--,"",.,.,

(0.0 Ill)

~D)

(5.5111)

-, [I';). ,) III .,- .•) III

_(nn.8 kN)
m

The answer is (A).

119. To have a flllly compensated foundation, the to­
tai wc'i~ht of the ('Jmll,vatoo soil mU~1:. be equal to the
10l.a1 load all t.1lt' fouudutioll.

The aclive fOrt:!: is

n(> _~"tf{2k"

~ m(202 ~~)
= !'i7.9 k:\'/m

,
(,1.3 III) (0.31)

The hori7.oma.l ;l.1ld \'ertic,d l:OlllPOlwot.s of t.he acth'e
fo[(;(.' an~

1i.. .J' = Ro C(}Ii; 0

= (57.!) ~) (1):;20"

- 54.4 kr\!111

PROF.SSIO ..... L PUBLICATIONS. INC.
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•

1l... ,1: - Ra sin J

= (~7.9 ~) Sill 20<>

-'- 19.8 k;.J/m

The \\"{:iRht. of the wall call he suhdivided into WI aud
a·'".!.

( kN)= (4.,3 m)(OA m) 25 n:;~

= .:Ia.o k1\"1m
IV2 = ~Hb'l1'(".()ncJ"(>tc

~ m(U rn)(21 m) (25 ~)
= 112.9 kJ\)m

IV -= lilJ + W'l

k1\ kr<
= -13.0 - + 112.Y --

m Ul

= 155.9 kN/m

The totil.l normal fOlce actinll; on the base of the wlJl is

IV = IY + Ru , ..

kN k:-.J
= 155.9 . - 19.8 -

III lU

= 175.7 kt'/m

P"OFISSIOIiIAL PUBLtCATIOIiIS, INC,

The only force that rcsist!'i sJidiug per lwit kngth or
wall L'i

nr = N tau Ii

= (175.9 ~) tanW
O

= 6:1.9 kj\'/m

The hori:wutal (,'()mponenl of the a.ct.ive force is the only
{oIef' that tends to slide the wall.

R o = Pll,n

= 54.4 kN/m

The factur uf Mfety aga.i.ust sliding is

U3.9 iL'V
R, ill

FSsl = no =-~. k..'l
04.·1 ­

m

The an$wer Is (8),
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Solutions
Structural

121. The resultant of the three wheel loads for an
IIS2Q-44 louding is a 36 kips fora: locatA...J 1.67 ll. from
tLac 16 kips center fofC(~.

50 ft 50 ft
I = L + 125 - '6"07.(,"'+:-:;:'12"&-;;(t

= 0.27

=- 9.33 ft

ll.1.a.xilllUU'l wheel-load hfmdiug 1II0luent occurs when the
lIIidsJ)l:\1l lies blLlFY.:ay bctv.~11 the resultant aDd the cen­
tral 16 kips foree. ThIL~, the position fOT maximum
wheel-load bl:TICling moment is

L;f'xx = .,.
R

(16 kip~)(14 ft) + (4 kip,)(28 ft)
-

30 kips

DF ~ S _ 7.0 ft.
5.5 ft 5.5 ft

= 1.27

.i.'h = (DF)Mmu:

~ (1.27)(403 ft-kips)

= 512 ft-kips

5
M. = 1.3(MD + 3(1 + l)M.)

~ (1.3)(.500 f..kip,

+ G) (1 + 0.27)(512 ft-kipo;))

~ 2058 ft-kip' (2100 ft-kip')

The answer Is (D).

122. The result.ant lateral force is

V = wL = (0.4 k~~S) (160 ft.)

= ti4 kips

4 kips

14ft

"I'
16 kips

14 ft

I
16 kips

00 ft

R

:tA B

I. •

iL".'}f4.07 ft,

9.33 ft
30 ft ,

:
AR

~'1l1.xilllUHl wheel-load bendin!!, mOUlent occurs
tho Hi k.ips load to the rj~ht of midspan.

R
A

= LrF
[

(3610",,)(30 ft + (0.&)(4.67 ft))
60 ft

under

Thb rc:;ultant force acts 80 ft from the west W:'l.ll.
l'i:mt~r of rigidity of the wall group is

_ L; 14x,
:t= 'ER.

(4R)(0 ft) + (3R)(I20 ft) + (3R)(160 ft)
4R+3R+3R

= 84 ft [frorn the west· 5ide of wall A]

The

= 19.4 kip'

"'1m .. = LTF ~ (19..1 kips)(30 ft HO.5)(4.67 ft))

- (16 kip,)(l4 ft)

= 403 ft-kips

The AASl::I.TO specification rOCJuiws all increase in the
wheel-load bending moment t.o account for impact, ;wd
fI. distributioll fadar to the iudividual girder that iJ;

hased un the girder spacing.

From ~:i}'llIIl(,.-try

y = 30 fl: (frOifi Hie S()uu. walll

The waU system is subjeo::ted t,o h torsional rnOlllellt of

Mj=V(X-~)

~ (04 kip,) (84 ft _ [(~ ft)

= 256 ft.-kips clockwise

PRO'I:SSIONAL puaLICATIONS, INC.
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The axial fOr<:(' in the sllcurwall houndary m(>llIucrs i..<;The polar moment of imrtia for the walls rcsistiug tilt:
torsional momenl is

.1 ..... ~)RlI.xf + H:riY:)

~ (4//)(-84 ft)' + (3R)(120 It - 84 ft.)'

+ (3R)(l60 £l - 84 ft..)'

+ (R)(:10 £l)' + (11)(30 It)'

= 51,2'IOH ft2

If
T~G~­

L
294 ft·kips

..

24 ft
= 12.3 kips

The answer Is (B).

(12 kips)

The maximum lateral force resbtoo by wall A is the
combiuet.l dil'l'(:t force plus the fOi"l.:c ealL'>ed by t-he tor­
sional moment, both actiug in the Joiame sense.

v'" = 4R V..:... Mt.F4x.
L: n.. J

4/1 (64 k· (256 l..k;p,)(4R)(84 It)
= loR Ips) + ljl.240H ft2

= 27.3 kip:,; (27 kips)

The answer Is (e).

123. The plywood diaphragm is considered Hp.xihle,
,I..1..\(1 thl' lateral forces tnUl..Jer to the shearwall (Ill the
basis of their tributarv width. Thus, iltc lateral lome
llCli.IJ.p; Oil tllp shearwall at line 2 i::;

v = LJIln

= (240 l~~) Co~ ft) + (300 I~r) (602ft)
= 21,000 Ibf (21 kip~)

124. The hf'il!:l1t of thl.: roof above the ba.~c is

11.", = 14 ft + lZ n
- 2(i fl

Th(, perkxl. cau he approximatl.'l:l from the folluwiuf, lor­
mula.

T = cthn;Y·1

~ (0.020)(26 't)'I'

= 0.23 sec

The .~eismic nC<'l.(1 load for K5 groulld motioll indudE'.~

the dea.d wdght- of second flool', roof, and thp exterior
walls.

W = (wen + 'lI'l,h)BL + 2w",&.u(B + I,)h

( Ibl lor) ( 'U')= 30 flO! -+ 20 ft2 (120 ft)(60 ft.) + (2) 15 £t2

(
l4 It )x 2" -.-12 ft.i 3 ft (GO ft. + 120 ft)

= 478,800 Ib£ (479 kips)

FiJf a buildihg frame 5}'Slell1 (:(uL<.;u.ting or light-frame
walLs with wood stnll:tufnl shear pancL<.;. R = G.a, The
base sL~ar ill given as

V,., 21 kips .-r--------,

h-14ft

v = S'ns lV = 0.6
R 6:r,
IF; 1.0

= 44.2 kips

(479 kiJl~)

elevation of wall on line B

'-TTL----::..;::~-1 The ha.'"iC "hElar need not be greater than

I.
L -24ft

c
. I

v _ 81>1 _
- T R -

h
= 64.0 kips

0.2

(0.23) (G.5)
1.0

(479 kips)

"

The overturning moment 011 lhe wall is

M=Vh

~ (21 kip,)(14 ft)

= 294 ft-kipti

PROFESSIONAL PU.LICATIONS. INC.

In tho expr~iol1 abu\l', T i~ lhe magnitude of" t.hl'
period aud i~ dimellsionless. The hase shear must be
greateJ' tha.tl

v = 0.0,141"Sns l·F

~ (0.044)(1.0)(0.0)(479 kips)

::.. 12.6 kipa
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TherefoTf~, V _. 44.2 kips (<i5 kips).

The answer;s (8).

• 25. The effeclive span for the slnb design is thl;' d(~nr
spa.cinf; pIml om~.. halr ~he f1anp,c \\;idth.

OJ
L, = ,." 'f ­,

(
1ft

= 8.::; ft - 1 ft) +""""2

= itO fl

Based on AASHTO spccifications. t11(: impact fuct.Qf
c.umot be gn-ntc:r thal1 0.30.

50fl
1<-

- L. + 115 ft.

< 50 [t

- 8.0 ft -I- 125 £t

< 0.3;0<.

1 = 0.30

The wheel-load bcuclillg woment for an HS 20 luadiug
is given hy aI.I AASHTO equal.ion, with a continuity
fA('t.or of 0,8.

( O)(L.+2fl)p
ML 0.<"1 32 ft

(
8.0 ft, + 2 fl)

~ (0.8) 32 ft (16 kI",l

= 4 H-kips/ft.

Tilt) design mOmeJlt for the slah is

The answer is (D).

1f(D2 _ n?) 1r«:J in)2 - (1.5 illf)Al = 0 = __ _
·1 ,1

, ,
c _ 5.30 III

For the scgtneJll. DC,

'Th(' knsioll l';tl'llSIl ill segment AD is

p <.) kip•.;
5:l0" 2 ..2.".• ill 111-

P < 117 kips

Since the force in segment Be i..; Mwl.1ler twm in segment
AB 3.l..Id since segment flU h~ a. 11Irp,n ero!>"S-sc(:tiOul\l
area than segmellt An, nc is not tlw nllltrollilJ~scdioll
for stress. The limit on t.he tip deHls:tion is

.6. < 0.04 ill

L: ~~. < 0.04 in

P(2U in)

(5.30 iu2
) (29,000 ~:)

+ __-,P-'('i3U
e.-"'='""l--.:i'=

(7.07 in2 ) (29,{)()(J ~i;)
no

(50 kip,)(30 in)
< 0.04 ill

(7.07 in:!) (29,000 ~i~~)
'"

F < 171 kip~

The stres.." ill I,he segment AB (:out,tol".

The answer is (8).

127. The inflllt:l1t:t~ linc for tlte moment. at. J) is ()h..
taincd by cllt.t.ing through poiut I) llnd ghinR [\ slll.all
unit. rli..,.;pbux:Ill('ut ~ that oul)" ,.he unknown 1ll0111cut
at 0 docs iuu'rnal work.. The corresponding di"'lllH<x:d
hhape is shown as the dasht:<1 lilw anti i.."1 the influence
line for the JllOIJ1I.'llt at D.

PROFESSIONAL PUBLICATIONS, INC.
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From t.he ilIn.<;tration, 0' +.8 = I. 11l(~ work done by the
moment throul{h the small displacement i..

1'1/ = A1nf"l' + M IJ.B

~Mn("+fI)

= :\fl)

From geoludl'y (small angle tLeory), t.he vert.ical dis­
placement at, point D is

"'u ~ (12 It)n .~ (8 ft).3

28
,,~ -'

3

The reaclion at point. C is founo by summing the mo­
m~nts about lll(: Idt l>'Upport. Jll,.......lme clockwise mo­
llll'nt is positive.

I>10 ~ 0

(2 'h'") (30 f')(7 ft)

+ (3 k~g) (01 ft)(22 ft - 5.5 ft)

- (8 ft)(4 ft») - (22 ft)He - 0
H.e - 31.[, kips

(39 'ips)

Substituting. Tile absolute maximum shea.r at 13' L'l

The answer Is (8).

ID

load system Q

1-.-=,------j.1
15ft

1-.~_.II
15ft

load system P

20ft

::0. 15.5 kips

L
VB' = -He + W"2

- -395 kips +(; ki:) C~ ft) i

129. Usiug thl' dummy Iwid mdhoo, the unit· \'irtua.l
force if; appliw at D in the direction of the rtX]uired
deflect.ion.

-0.5

0.5-

u+8=1

2;J""" 8 =1
3 .

.8 = 3/5

t>n ~ (8 ftj,B

. (3) ( kiP)", (8 h) - 1, '
5 klp

- 4.8 ft.-kips/kip (5 ft-kips/kip)

The answer Is (C).

128. The influence lint: rur she3f midway hetWl:I'1l n
ami C. puint n', is obtained by f:llU,il.g the beam and
giviug it a unit. displacement. such that ouly f.he shear
at tl.at jluint does any work. The result.illi/, iuflll<:nce
line L.,

Ttl€ ordiut"ltc.: of the influence Hue at point 0 is

•

i

i,

Absolute ma..:ciulIllll shear force I\t. H' ()(TUTS with dead
10ao. over the fulliellp;th lind the uuifunu live load only
OVCT those regiolU> where the ordinates of the influence
line are positive.

The Illcmhcr forces fur the real load", loan syslem P,
and for the dummy Imid l>')'st.em, S)l:>'tcm Q. are fOlmo
llshlg basic statics.

fo.lp NQ L N/.N(JL
memher (kip~) (lhf) (in) (kipi':l-lbf~in)

AB 15.0 1.0 180 2700
AC 2fdJ 0 100 0
AI) 0 1.33 240 IJ
BU -25.0 - 1.67 150 ti~(;:~

UI) 0 -·I.G7 150 0
8963

c

WL = 3 kips/ft

WD= 2 kipsfft

22ft
RS

WL = 3 kips/ft

I. B _I B'

.t
• •

8ft 11ft

A

.p R 0 F • S S I 0 .. ALP U • Lie A T I 0 .... I" e •
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Applyinf, the virtual work prindplc, The ratat.iull at C it;

~(NpN4L)
(llhf)D.D b = ~ AE .

;=1 I

(8963 kips.-lbf-in)

(8 in') (29,000 kiP,')
m-

.6. 1),. = 0.0386 in to the right

(0.04 in to the riKht)

tl ft-kip)9c = j MQ"~JpdX
I. 1';1

(0.0;; kipoI' ((40 '"(po):,.) ,) d,

~l'20n ~ "2 ft :z:

o r. I~I

20 ft

( 2.0 kniP).' ( kiP)'... 0.1 ff.! x
Oc"--- ----jRl 4El

•

The answer Is (e).

130. The rotation is obtained b,Y applying a unit
dummy couple at joint C and I'lpplying the virtual work
priuciple.

"

For lUftd ~.Y!';tem P, the lllOTllent for member AD ib

4 kipsltt

tRc = 40 kips

(29.noo ~~~) (630 \n 4
)

= 0.0102 radians counterclockwise

(0.01 radian:; (~mllt~rdnd.wise)

The answer is (D).

131. The pile group is snhjectlJd to combined axial
compression pillS biaxial hf'nding. Maximum oompl'€5­
sian OCCUnl in U)(~ pile farth():olt £1"011) the pile group ccn­
~roid at thf' location where thc fOl'l:l"lj uue to benning
and axial compression un! additive.

I~h-«ip

0.5 kip

E,. 29.000 ksi
, .. 650 in4

load system Q

e,

load system P

B---- ----
RA '"' 40 kips

,
/ ~,,,,,,

,c

A

(
kiP') xA1 p =(10kips)x- 4 ft 2

Oft.<;x<20ft

.1\1.,< = Pey

~ ("lX' kip,J(l.G fl)

= 1280 ft~kip."

The momcllt fur member DC is

~Up =0

Oft<x<2fIft

Th maintain equilibrium wlder the dummy loading. an
upwal'd force of 0.05 kips must act at A, with an equal
illld opposit.e fon:c at C. Since t.hf! momcnt in member
DC is 7.cro tLrougllout ill loan Sl":itCIU P, the moment
iUIfJE'mber An is llL>t..'t!ed only for load system Q.

~ (800 kips)(1.2 ft.)
= 960 ft.-kips

J ~ I:(,;,' + Y;)

~ (2)(2)(4)«4.5 It)' + (1.:. El)') ~ 360 ft'

D _ P -'-- ,:~,!r.z + My{:y
rmax - •

n .I
(1280 l't,-kip,)(4.5 It)

80U kips + (960 ft-kips)(4.5 ft)
- 16 + --'-"-';3;;60iCift.,;p".:.:::",::e-
0: 78 kips (80 kiVS)

:.\'IQ = (U.Or> kips):!:

Oft<,r$20ft The answer is (C).

PROFESSIONAL PUBLICATIONS, u.e.
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132.

R,
• R,

A

R,

o

c

F

E

H

G

J

Tho..: tru...."l has 3 external reaction compouent.s. 17 meIll­
bers. aud 10 joints.

m+IIR=2j

17 + 3 ~ (2)(10)

For mnsisteut displaet:lllt~nl.at point Il,

Ii + Ha ! - -0.5 in

-21.59 in +Ro (0.1645 ~:) = --O.f, in

R}j = 128 kips (130 kips)

24ft
•2. ft

14ft
24 ft

12ft

• I.-

The an9WM is te).

134. ))ue to symmetry, there are only lwo ~ible

r.ollapsc mechaub:ms. III thr first. illcrhanisw, pla.<;tic
hinget> form ill the Emd spans.

133. 1leleao:,c t;hc reacliou at poim B to creat.e a stable
dctermina.w l)(~jlm.

The answer Is (8).

The necessary l:ondition for ll. statically determinate
un ..., is satisfied, but this is not sufficient to prove the
t.rn. " is statically deternulmte. There i..; a problem with
thu support lUTangemcut. 'The t.hroc reaction eompo­
llent!! axc concurrent A.t joint B. H a nonconcurrent fOrl."t~

is applied at auy joint. it il'l irnpo:;siblc to satisfy the
et.Juilihrium condition that the summation of mowents
about joint B ntW'lt l'qual 'lR-ro. Therefore. tbe t.russ i.:;

uUh'f.ahle.

3 5 kips/ft

A C-- _J' ---"- --
~ ---------- --------- : • /

60ft

\
.\: _ 11

~"t - Vim

P"J IJ = 3Alf!8

(25 kip')(12 ft)8 ~ :lM,,8

Aifp = 100 ft-kips

In thp second medul.uism, pla.<;tic hing~ form III the
interior span.The dO\vTlward displacement in the released structure at

B caused by the a.pplied uniformly distributed load is

. _5:::w,,::L~·'iJ = -;:
384E1

(5) ((30 'IF) (60 Itl) ((60 it) (12 K))'
- plY!) (29,000 ~~S) (1630 in4)

= 21.59 in

P~" 25 kips

M,

P,,: 25 kips

• •

Pu = 25 kips

M,

The flexihility coefficient. f, is obtained by applying a
unil fOI<:1:~ upward at the releaseJ point and computing
the displacement cau.v.d hy that force at the released
point.

~V..-rl = [lint

Pudll = 4..:.'\fpO

(25 kips)(14 fl)8 = 4,Up B

,up =- g7.5 ft-kips

PROF •• SIONAL PU.LICATIONS. INC.
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C·ollapNc is cont.rolled by the exterior NllalL";. ;;0 M p _

100 ft-kipl'l.

The answer is (D).

135. r.et f{ rcpn':;CIit the foree applied at midspan pro­
ducing a nnit midspan defioction.

!(L;l
_.- ~1

4gr;r
48EI

K~ _.­
L'

(41') (29,000 ~i;S) (1(j()(1 in4
)

Ul
-- ---

((16 ft) (12 ~:)r
·'1' k· ,.=" U lpS/lIl

't36. Let K represent· th(> flll'(:1~ applieJ at the top or
each l:ohuIlIl producing a unit horiwlJtal de£lection.

KH J

·-~1
1'lT~1

12EJ
K= :lH·

( kiP")(12) 29.000 _.!.u2:. (800 in
4

)

(J6 rt) (12 im'
= 39.3 kips/ill [~al:h colUlllnj

The equiva.lent stiffnes.<; of t,ho four supporting colmllns
is four t.imes tha.t of an individual column. Tl1P natural
perind of vibration of the sy::.tcill i~

N~.". ------__LJ__==J·!---.~ ;;.,
1- .1

4

1--'O.Skips, ,, ,

'-r
E'" 29,000 IdpS/in!
,~ 1600 in"

4ft

B

~
II'

. --
m . 9T=2r. !-=2/r -V4/\ 4J(

3u kips

( It) ( kiPS) ( iU)32.2 -2 (1) 39.3 -.- 12-
l!>tX III ft.

= 0.14 sec (0.1,'; sec)

The answer is (A).
16ft

ConS(:rvatioll of energy requir;!:'; tJmt the potemial ell­
IXgy of the 0.5 kips weight iN cOllverted into stmin ClI­
erR}' iu the beam.

E p = ~V"Y

(0.5 kips)(48 in + J)

[.Tint = U.5(K8)8

_ (0.5) (315 k~PS) ,.
Ul

137. For 1/'.1. in diameter '270 bi MtrlwJ.'I> tLe area or
UllC :strallJ is 0.153 in2, find t.he modllln.s of elasticity
is 28,50U klps/in2. The modllluM of elast.icit.)' of the
cOLicrele at· time of Tf'knse is

E, ~ 57,(YJO.J!i

~-= S7,OOO ;;~'f~"'~1;~V'); 111

.""-= 3,:)70,000 lbf/hl~ (3370 kips/in 2)

•L,

- I At·-=2

I
P,..

f-i---;-;---------'---

P, ..
EQua.tiJlK t.he tv.u energy t.crm:-; gi\'cs

t:p = UIIl~

(U.5 kips)(48 ill + 6) = (0.5) (315 ki:) $2

( 315 ~Ps) 1,z -.s - 48 iu = 0
m

,

If = O.:i92 in

TIU' falliug weight C311S(!:'; a maxilllum midspan dcflee­
tioll of O.~92 in. which Lurresponds to 1l. peak furC{' of

F = KJ = (315 k.ipG) (0.392 ill)

'"
~ 123.5 kips (120 kips)

The IIn,wer Is (D).

Cse a trial nnd. error method to ("UIII~ute los." dne to clas­
tic shortPninp;. A,,,, a first trial. assume fils - 10 kiJIb/
in2 .

Pi = frnAI'-"

(
kip5 kiP') ')= 200~ - 10 --;-z t4)(0.1.53 ill
m III

= 1Hi kips

PRO'ESSIONAL PU8LICATIONS, INC.
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Following tim nsual assumptions for prestressed eon­
(Tete, the nominal axial strl:l.'SiS .in t.he eoncrete is based
UIl the gross t;OIlf:rcl.e area.

Pi ] 16 kips
I." = Ac: = (]2 in)(12 in)

= O.R06 kips/in2

For pre-tclll'iioned lUCluhers, the dJ.aIIge in sl.rarn in the
strands is the :-;ame as iu the surroUllding concrdc.
Thcrdore, thc eomputecllo!lS of prest~ is the c1llUlgc

ill :denin multilJli(xJ. by LLc Illorlulus of cla.<;ticity.

~f. co Id E
Ec: 1"

kip<
0.806:-;- ( ki)

- --- l;.n~ 28,500 ,on':'
3370 IpS

in:'!

= 6.S kips/in2

The 8CUutl vnlue of af.~ is between t.he I.rial valne. 10
kir)5/in:l, and the vaJuc computed lL'ling that trial value.
6.8 kips/iu1 . For Il. SC(:ond trial, a.~'Ume 7.0 kips/in2 .

( 80 Ihf) (30 in)
pI' Ill:.!

It = t = n.375-~in--

= 6400 IbfJin 1

Sioce thCJ; longitudinal direction is unrest:raiut.:d. the
straiu in the circumferential direcLiou is found from the
uniaxiul (:ASe.

'hI
MOO!, in1

(=£=') Ihf
_9,000,000 ~

ill

~111e cbfUlge is dil'l.meter i" rliroc1.ly proportion.'l.l to the
Ch6JlK€~ in circumference.

aD = (1I:D

•
~ (0_00022)(GO in)
=: U.U132 in (0.013 in)

The answer /6 (8).

p.-~ (20() kilJs ) kiVS ) ()( 53 - ')• • ., ·.7'(""7""""7j" 4 0.1 In
ln~ In

= 118 kips

111. ='-' :~I E1'•0,

118 kips

139. Rcll':vallt properLiell of the \\'12 x 106 include iLs
area.. 31,2 in2 ; dw mQmcut of inertia about its weak
axis. 301 in;;; l-lw moment of inertia about it~" strong
a."Xis, 933 in'; aud its ov('.ntl1 depth, 12,9 in.

(12 ;n)(12 iu)
.8370 kips 0 •

in2

= fUl kips/illt

(_ kiP')
28,5(J() in2 12.9 in 'L

x

The value of 111$ il'i approximately 6.9 kips/in2 (7 kips/
in 1 ).

The answer Is (8).

Th(~ centroid of the sect.ion is on the 'iX(~ of symmetry
and is locll.t(xt by illSP(~ction. Propert.it.'l'l of the built-up
~:<:tion 8J'e

138. For a t.hin-walled pipe with intemailuCli',nre and
negligiok longitudinal rest-raint, t.he maximum st.ress
occurs in t.i1e circumferential d.in:dion and cau he calcu·
lated Uhing t.he u,emhrnue theory of thill-walled pressure
vessels.

60 i

f
" 80 Ibf

'"

f,

f,

-hI>·
= 3].2 ill:i + (2)(10 in)(O.625 in)

.= 43.7 i,,'2

170 = L(l~c + Ad!)

(LO in)(0.625 in)J

12

= 93:1 ill" + (2) + (10 in)(O.625 in)

x (12.9 in ~0.625 ill) 2

1505 - ,= 1n

PROFIESSIONAL PU.LICATIONS, INC.
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III = L I lI ,-

. , (') ((O.ti:.!lJ in)(lO ill)3)
= :l0l IJl + .2 12-----

= 405 in"

The major prindpal lUlL..; L'I the x-axis. The radius of
gyrat.ion is

r. ~ fir.,~4~,
1505 in4

- 43.7 ;02

= a.87 in

141 •

h"" 13ft

The answer is (A).

140. The relevanl properties of a W24 x 55 are its
area. lfi.:~ iu:2; tile IJlOment of inertia about its x-axi'l:
1360 in\ and its overall depth, 23.6 in. The centroid
of the !milt-up SL'Ctioll is locat.ed by inspection £rom
~Yllllllctry .

Design the stem 011 a pet·foot-of-widt.h basis using ACT
3]8. The design lateral load at the base of the st.em is

Wu = 1.7"""f'"h(1 ft.)

~ (17) (45 ~~:) (13 fr)(1 ft.)

~ ry,j5 Ihf/ft

The design hending moment. at t.he ba..'le is

. 1360 in4 + (2)

(~ i,,)(0.5 in)' (8· )(0'· )
12 + In ., III

X (23.ti in: 0.5 inr

( . ( Ibf) )'
h2 0.5) 9% -ft (13 ft.

~/ = 0.5wu _
• tI:1 3

~ 2R,025 ft,-Inr

For Il. unit wirith of wall (0 ," 12 in) and a spo::ifi('{j st.<:d

pcrccutage uf 0.01.

M ... = qi.llil .. = ¢{Jf~hd~ (1 -O.59P j:)

T11€ :;ht~ar fiow hetween tIw covetplale and flange de­
pends 011 tht! stH.t.ical lUOlw.:nt of t.he coverplate area
about the ncutnll a.xis of b(~lHiing.

Q~ Aji

( . ,. ) (2:l.6 in+ 0.5 in)
= 8 mHO.,) In 2:

= 48.2 in:\

VQ
q~ -/-

(95 k.ips)(48.2 in3)
-

2522 in4

= 1.8 kips/in (2 ki~/in)

The answer Is (A).

Inserting known values 3nd €quatinp; t.o t.Jw valllP of AI"
givc:s thu T\)quil'l'(! wall thicknes.."i, d.

(28,025 ft-lbO

x (12 ~:) = (O.9)(0.0l) (60,000 :::~) (12 in)a1

6l1,OOtl ~b~)
x 1 - (0.59)(0.01) Ib~

,1000 ­
ill2

d=7.54 in

The st~1 arPA is

.4.. ~ p/xl ~ (0.01) (12 in) (7.54 in)
ft.

= 0.90 in2/ft

The answer i$ (D).
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142. AcconJing to ACI :US, reinforced normal-weight
concret.e cxpO!:ied to seawater is limit<xl to a maximum
"''1~tE!r·to-ceIIlclltitious-mat~rialsratio of 0.40.

The answer is (B).

143.

b-18in11-'_-"--'0=-_1 I
-'----,
81=4in

'.' ,

The area of r.oncretc in colllpJ"(~~..ion when t1l(~ section
reach~ its moment capacity is

A _ A.~&
~ - 0.85!:

( Ibr)(7.80 in2
) 60.000 ~

(0.85) (4000 lb;)
m-

= 1~7.6 in2

Tbis is gretl.tcr than the area t.o thl' sides of thl) t.rough.

At.,!> = (4 in){18 ill - 10 in)

= 32 in:.!

Therefore, the compl'c,'ision area extends I)l)low the
t.rough to a depth of

.- ---'-,'- .. -:,
-...._-.. '. --,,, -''''''

--. -. ,,-. - :;:;:;<-':,;

..-- - ',',. _: ..::::_-"
...-- ----,- ---

-.- ."

- -, --:.'
d=28in A.., - Atop

Q= = b

137.6 in2 - 32 in2

18 in

= 5.87 in

The deptb of the Dcnt,ral axis is

a Atop + (I..;
x~-=

.fil Iii
4.00 in + ::i.87 iu

O.,s5
=1l.6in

From simihU" triangk'ti..

neutral allis
c, 0.003

',' .., ,

"::.... '

" ,'_:

'.

I. •I
'.

PROFESSIONAL PUBLICATIONS. INC.

d-x X

( 8 . . ) ( 0.003 )e,_ = 2 III - 11.6 lD _ .
11.6 HI

~ 0.004

The answer Is (A).

144. Balanced strain cCll1ditions exist when tlw strain
in t.he steel on the tension side rN\(:Jj(~s yield and, at the
!lame time, the strain iu the e.xtrclIlc compression edge
of the coucrctc is at t.he ultimate value or 0.003.
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Th(~ :iltrain ill the eOlllpn:s."ion !->t,(~d ex<:c(~rls yif'lci. Thns.
t.he strtls..., in til(' nllnprcssio!l ~'teel is the yield stress, and
the force in the cOlllprc:.siolJ st.l"d is••

__--,---,-_--,_1
no. 9 rebars -r

2.5in

, (. kiP')(. . ')f!l/l~ = G0""':'""'"'"2 3.00 IU
m

= 180 kips

19in
The 80Swei' Is (0).

Fur a IIp<.'Cificd lougiturlinal steel ratlo of 0.1l2,

.11,.1 pqA'l

= 0.02.49

145. For II c:onccntrif'.ally loaded lied COIWfill, the de­
sign streugth L'i y;h"t:n hy

4JPn,,,,,,~ ..:. 0.&b(0.85/;{,4.g - A~d + /y.4,.t}

.1
16 in

• 2.5 in
f----------'--]

no. 9 rebara

d

~c = 0.003
I" .I SubshtutiI1~ I9V('!'I

1090 kips = ¢P'•."' ..K = (0.8)(0.65)

(0.85) (5 ~il:) (A g - 0.0204y )
m

x

( kiP')+ 60""':'""'"'"2 (0.02Ag )

'"
neutral axis Ay = :\!ll in2

b~: A = V39l ill
2

= I!l.8 in (20 in)

1_,_,I
"

The answer Is (e).

The yield slre.in rOI' grude 60 rebar i.~

60 kip::;

, _ f JJ _ __---'i~n~'_=
lJ - E~ - ki~

2U,OOU "'7""'2
.llL

= 0.IU1207

"'rom similar triaugles,

x d
-

0.003 0.003 + C1/

(2\.& in)(O.OO3)
T~

0.OU3 + 0.00207
= 12.7 ill

C. 0.003
-

1: - 2.5 ill ;r;

I (12.7 in - 2.5 iu)(0.OO3), ~

• 12.7 in
= 0.0024 > (y

146. Cse the appropriate reinforced concrete inter­
action difl.~r;:l.n1 [1'0111 Ihl>,j!J'fI of COllnde Stnl(:tlln~.~, or

t,he equivalent. .For a colllllm with a 20 iu eross scd.ion
in the dirl:cr.iCll1 that rffii!:H,f,i belldillg, lilt' t:;tL'd plm:enwut
constant, "'r, is fOllnd U!:iillg

~(h = h - '2d'

,(20 in) = 20 in - (2)(:~ in)

= 14 ill

~f = 0.7

'The reference interactioll t1il.lgnliJI requircs t.wo paralll­
elers.

PilI! I"'..

H" ~ f'A I 'f'4 I(/Jc9~ IJl c·g l

(175 ft-kilto;) (12 ~)
-

(0.65) (1 ~~;) (20 in)(18 in)(W in)

-'" n.ll

PAOF.SSION.&L PUBLICATIONS. INC.
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The answer is (B).

147. Per AC1 318. the corbel must be ucsigm;d for a
tpJlsion [0[(.:(: of at least 0.2Vu '

From the interaction turves, interpolat.ion at the point
(0.11, 0.93) ~ives a lOIlKit.lIrlinal steel ratio, Pg> of 0.022.
The rCilnin~ steel arca L~

The area of the primary; reiuforeement lllilllt he at least

A 6 > A/ + An

> 0.74 in:.' + 0.29 ill
1

> 1.03 i1l
2

2A uf
A>-·-+A, - 3 "

> (2)(1.05 in
2

) 029' 2
- 3 -t.Ul

> 0.99 iu2

A > O.04bd
!!J - III

(0.04) (5 ~~) (16 in)(14 in)
> _ .._~_ccc..-f.,=--
- , kips

60 -.-2-

'"

(
kiP<)(0.65) 4 in2 (20 in)(18 in)

87a kipsp.
f(n = @f'A ~

. 0 ,

= O.9J

A.n = 1'91\,

~ (0.022)(20 in)(18 in)

= 7.92 in2 (8 in:'!)

N.< ~ 0.2V. ~ (0.2)(66 kips)

= lJ.2 kips

'l'Le controlling vahle is

A 103 ·'1=' In

Thi::l requires a nominal steel area of
The answer;s (A).

A." = I\'ue = __13.2 kips

<fJflJ (0.75) (60 ~iPS)
UJ2

= 0.29 in~

The primnry steel reinforcement Jllll....t I\lso resi::.-t l\ bend­
illg moment.

Mil ':'C \I;'a + Nue(lt - d)

= (60 kips)(6 ill) + (13.2 kips)(.l6 in ~ 14 ill)

= 422 in-kip:!

148. The equivalent for(,'{~ ~ystem acting at the cen­
troid of the footing is

P = PI + P2 + wbht

"= 400 kips + 200 kips

+ (0.15 ~:.,) (26 fi)(6 ft){2 It)

= 647 kip.'l

cP~,c~.,~+.;.{~"~c",,c=
P

(ell" kips)( -HI ft) + (2110 kip,)(12 ..1 ft)
~

647 kips

= -2.3 ft

Taking the lever arm for the flexural couple conserva­
thdy as 0.9d, the area of ftexuml st.Cl31 is

"H.
A/ = ¢!1I0.9d

422 in-kips

(
kiP')(0.75) 60·c-,- (0.9)(14 in)
m

=;-.0.74 in2

For shear friction reinforcement:

66 kips

Si1l(x: the resultant force on the footiD¥; acts within the
middle third of the footin~'s lengt.h. the entire Area 1)(:-­
neil.tll the footing is ill eompressioll.

A ~ br. ~ (6 ft)(26 ft)

= 156 ft2

S ~ lib' ~ (6 ft)(26 ft)'
6 6

= 676 ft3
P }Je

!p,rntu: = A + S
6'l7 kip" (6'l7 kips)(2.3 fi)

~ +- -
156 ft2 676 ft:J

::::. 6.3 kips/ft2 (6 kips/ft2
)

Thellnswer Is (0).

P"O'ISSIONAL PUBLICATIONS. INC.
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149. The active Wrtll pressure at· T.he base is

P. - ~/(h +'/)(1 ft)

(
Ibf)~ 35 ft' (8 f, + 1.5 ft)(1 ft)

~ .3J Ibf1ft,

The overtllminK mOIllCllt. is

M.,=H.... (h:tJ )

~ (1582 Lbf) Cft +31,5 ft)

= 5010 ft~lbf

The total active earth pre<1sun; is

H A = O.5p,,(h+tf)

~ (0,5) (3:33 ':;f) (8 ft + 1,5 ft)

= 1582 Lhf

b=2ft

,""

,
"

-. -- : -; -:-

-- --.'

-
a-3.5ftI.

fr - 1.5 tt-l-
!---!'

Per unit lcllf',t,h uf wall (1 ft), the force components ro­
sisling overturning IU'C the weight of t he ~oil, the weight
of the wall st.CIIl, and the weight, of the footing. Tho
forCE' exerted hy dlC soil is

The factor of safety is

F'S = Air = 21,05,'5 ft-lbf
M o 5010 ft-lbf

~ 4,2 (4)

j.v.. = 'Y.ah(1 ft)

(
Ihf)~ 1(1() ft' (',5 ft)(8 ft)(1 ft)

= 2800 Ihf

The force exerted b)' thl~ wall ~'tcJu is

lV,,_ = AI~tu,h(l ft)

= (150 I";) (1 ft)(S 1'1)(1 It)
It

= 1200 Ibf

The force exerted by the footing is

w, = 1ctf(a + t..! + b)(l ft)

(
Lhf)= 150 'ft;.! (1.5 ft){3.5 ft + I ft + 2 ft)(1 ft)

= 1463 Ihf

The resisting moment about the toe of the footing is

At, = L IF,x,

~ (2800 Lhf)(U5 ft) + (1200 Ibf)(2,5 ft)

+ (1463 Ibf)(',25 ft)

= 21,U5f, ft-Ibf

The answer i5 (OJ.

150. Use the customary nOI1~llcla.tureand methods of
analysis of the PCI Design MUflUul. Replace t.he pre­
slress hy t.he m.atically equivalent fon-e system ::u:ting
at- the centroid of ('oneJ"Ctc. The eccentricity, e, of t.hf'
strands is their distance from mid height, or (34 inj2) ­
2 in = 15 in.

( . kiP') , ,Pi = fp,Ap6 = l~O· inT (0.918 ill )

:::: 165 kips

Ali = P,c = (165 kipt;)(15 in)

= 2475 in-kips

E = 33w l
.;; 'Y'co c VJ,::i

= (3.1) (110 ~~:) l.~ J~500 :;
= 2,250,000 Ibfjin2

1 ::.0 .~h3 = (14 in)(:W ill)3
12 12

= 45,854 iu4

A = M, = (14 in)(34 in) ( 1 f~2 2)
1-11 JIl

= 3.31 ft2

(
Lbf)(. ,111 = m"A = Ito ft3 3.31 ft )

~ 364 M/ft

PROFESSIONAL PUBLICATIONS, INC.
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15 in
(8)(280 kip,)

12 In

'w" =>- _8_~_' ~ --,==~~f~t'--
a (40 1\.)'

The t.'(]uivalent prestress foru~ Me lhosc of the rea.ction.".
of f.he stressed strand again!>1. t·he rilQd ("oncrete.

'\
Pi'"' 165 kips

40ft

•

"
•

M; '" 2475 In-kips

o364 kipsJft \

".

The stmcture is st{Ltically iucteterminat-e to one dl~gree.

Let thp reactiun at point B be the unknown £orc"f!, and
releiL.'i(~ it.

c
, 1

80ft

F= 81.67 kips

I.
A

= l.75 kips/ft i
2Pet

F=wea+ --
a

~ (1.75 kiPS) (40 ft) + (2)(280 kip'HIO in)

ft (40ft)(12~:)

= 81.67 kips 1

W -=c 1.75 kips/ft

P
, I

p.. --- ---- • -// B • ,

5wL4 lH,r,2

as·iE'"J 8R,i1

( k) (. ).,
(5) O.3M·' iF (40 ft.)'~ 12 ~

( kiP')(384) 2250 in2 (45.8&4 inol )

(24 i5 iu-kipl'H-40 fty.! (12 ~) '2

(8) (2250 ~:'l) (4il,854 in")

= 0.20:3 in - a.fi9! in

O.48S in (O.G in n

The lUiw,,1Jill.1 c-amb€r iI; the al~brai(· ~Ulll of the deflec­
tWns caused by the end momeot and tmn....verse beam
weight.

The answer is (B).

151. ApplyiJ.Jg the usual l'L'i.'illmptions fur t.he analy­
sis of prestr~'b."i(.-d hf!i\IU.s, the t.cndon profile over each
40 fr. ~gment. Cfln be repn~:nt.f'd by superposition of
the ehord. which is iudilwd upward 10 in, and hy a
parahnlie strand tht\l ha.-.; an p.C)lliva.lent sag of

.<; = 10 ill t- (0.5)(10 ill)

= 1;) iu

p = 280 kipSI

-~-o-----:-.-::~:.=.p= 280ki~

• f
er =10in

EJ = 250 x 106 kipM-in2

5te L~ FLJd •
.~ 384El - 48El

(5) (1.7.'i k~) (80 ft.)4 (12 ~r
= (384)(250 x 106 kips-iu2 )

(81.07 ki""H80 ft)" (12 Ji)3
_. (48)(250 X lOll kips-iu2)

= 0.430 in r

The fiexibility coefficient L<; obt.ained by applying a unit
force upward at t,he releas(...d point. and Wnll>llting thp.
dl'lflectioll callse.:.1 by that force.

P = 280 kips P 280 kips

.---.. L_____ ----
-::' 15'0 .1

a=40ft

LJ (80 ft)3 (12~);j
f = 4SC'J = (48)(250 x 1()6- kirm--ln2)

= 0.fl7:37 in/kip T

PROPISSIONAL PUBLICATIONS, INC.
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I For colIJill>tent di~pll\C:f:mCllt..

d + Ro! = 0

. (_ m)0.430 In + Rn 0.073 (kip == 0

Rn = :l.S kips 1

(6 kil~ j)

The answer is (B).

152.

1.5 in __~1~6~;",--_

_I 1 'I
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-15' + A.:omp-A t
Up - . 111 b:2

30 in2 - 24 i02
== 1.5 in + ----

0.5 in
== L3.5 in

The I(~gion above the plastic neulral axil'; is under uni­
form compression stress, Fu' and the regiun below i:>
under uniform tension stress, which is a100 }~. Tak·
ing moments of the stress [!:'Sult,antK gives the plastic
moment c<LPi:lCity. For collveuieuce, take the moments
about the tension force in the bottom flange

(lG in)(1.5 ill)(50 in - 0.75 in)

+ (0.5 ill)(12 in)(50 in - 7.5 in)

- (0.5 in)(3(; ;n)(18.5 in)

O.5in __

50.5 in

(
1 11 )

x 12 in

= 3312 ft.-kips (3300 ft-kips)

The answer Is (e).

1 in 153• .For the ASD opt.ion, since the moment is zero at
the ~l.lpport, the ratio MtlM7. is 7.E'..ro. For this case.

II, .1
12in

The section consists of three recta.nglp,s hEwing areas AI,
A2, and A 3 ·

~ 1.75 (1.8)

A, == b.h.

Al == (16 in)(1.5 in)

== 24 in2

A:l == (0.5 in)(48 in)
.,

== 24 in-

A3 == (12 iu)(l in)

= 12 in2

The answer Is (O).

For the LRFD optiOll: the design 100lll is controlled by

( k;p6) (kiP')~ (1.2) 2.5 ft + (1.6) 1.8 ft

= 5.88 kips/ft

,
1IJ"."J;

For a uniform ly loaded simple lx:am,

2

(5.88 ~) (36 ft.)2

8
w..L2

1l1",l&X = 8

= 953 ft-kips
. ,..,..,3Om

For the fully plastic condition, the plastic nentral axis
i~ positioned .~u(:h that the area in compression equals
the area in ten~irln.

PROFESSIONAL PUaLICATIONS p INC.
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(5.88 ~) (:J(; i'l('1.5 ft)

2

(5.88 ~) (4.5 ft)2

2
= -117 ft-kips

(5.88 k~S) (36 ft)(9 ft)
Ma ~ -'--_....:::~---­

2

( kiI") )'5.88 t:t--- (9 ft

2
= 7J.t ft-kjjJ~

(5.AA k~~k'l) (36 ft)(lJ.;) Il)
;\It:- = - --

2

( kiP') ,5.88 it (13.5 ft)

2
= 893 ft-kilJl"

For the LRFD optiun, the st.rcngth of the two fillet welds
based on their effective throat area is

rt>fw = ¢O.707wO.6F"

( kiP')~ (0.75)(0.707)(2)(0.25 in)(0.6) 70.,..,
on

= H.t kips/in

To avoid overloading the hase material, the AISC LRFD
specification requires that the shear rupture strength of
the base material be greater tIlIl.ri or equal to the weld '5

design strength. The tJ1icl;:nes.'l mu~t be

t. > ¢!w
- eo.6F..

11 I kips. .

> , (':' kiP')(0.7u)(0.6) ;)8 in~

> 0.4:1 in (0.4 in)

T1u.' bendi~ ••:udJir.ienL i::I

(12.5)(953 ft-kips)
(2. ,.)'C(0"'5-;;-3-;;-1\,""'kip,,) + (3) (417 -;'ft--;k~ip'-);--

+ (·1)(714 ft_kip,).,. (3)(893 ft,lci",)

~ 1.30 (1.3)

The answer'$ (0).

154. For t.he ASD opt.ion, the strcnglh of the two fillet
welJ::I h~\'''ll'(1 on their dfecl·jve throat area is

t" - (2)(0.707...)0.3"~

~ (2)(1l.707)(0.25 '")(0.3) (70 ~)

= 7.42 kip.'j/iu

To ~l\'oid overstressillg the bf).,~e material, the AISC ASD
:-spcdficat.ion limits the shear stress in tin; base makrial
adjoccnt. t.o the welds t,o O.4i'~. The thickne&i UIIL,>1", be

kips
t 7.42 -.

t> u' > _ III

- 0.1F, - (0.1) (36 ~iI~)
on'

> 0.52 iIi (0.5 in)

Thft answer is (e).

PROFESSIONAL PUBLICATIONS, 'ltC.

The answer ;s (C).

f 55. For t,he ASD option, the net area is the gross area
lCSH the area of four Bange holes and two web holes.
Since holes ILre pundmd, the hole diameter is taken as
I/S in grea.ter than the fasteJwr rliametcr.

.4." = A - 4tfD - 2t",D

= 14.4 in2 - (4)(O.5G in){O.875 iu)

- (2)(0.34 '")(0.875 in)

:::: 1U15 ill2

Since all elements are cOIlIlected, the shear lag coeffi­
cient, U: is 1.0.

A..=UAn

= (1.0)(11.85 in2
)

= 11.8r. in2

The allowahle axial tonsion is

p < O.6Fy Ag

< (0.6) (50 ~) (11.4 in')

= 432 kips

P < O.5Fu Ac

( ki1'")= (0.5) 6S in2 (11.85 in2
)

= 385 kips

\
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Thf' l'OlltTOlliug \'a-lufl is

p.= 3&') kips

The answer;s (B).

For tJle LRFD option, the net area is t h~ grOSl, area less
{.he lln~a of IouI' f:Iangc holes and two wl~h hol{~s. Since
holes arp pum,;hed, the hole diameter is taken H.'l 1/~ ill

great(~r than t.he fasteller diamet.er.

A" = A - 4t'fD - 2tw D

.,.... 14.4 in:l - (4)(0.56 in)(O.875 ill)

- (2)(0.;;4 m)(0.875 in)

= 11.85 in:2

Since all C'1cluellts are ronm'(:ted. the shear lag l:Ocffi­
dent., U, is 1.0. The design axial tmlsiou strength L'l

¢1'" < 4>}~.4.g

( kiP')< (U.9) ~o ~ (14.4 in:?)
m

= 648 kip.."

¢lJn '$ 11F" Ae

( kiP')«0.75) 65 in:? (II,85in2
)

< 578 kip6

The controlling ....alue is

¢Pll = 578 kip~

The answer is (8).

156. The propenies of a (;12 x 30 are A = 8.82 in2,
t", = n.Sl in, fr, :.= 162 in'l (strong axis), I y = ;').12 in'
(weak axis), aud the centroid is located 0.674 in from
the olltside edge of UI(: web. For the hili It-up sectiOll,

I, ~ ~)/,"+ .4.£')

(0':, in)(ll in);J "2.'
12

+ .,.1 In
~ (2)

+ (8.82 irJ'..!)«(j in - 0.674 in)".!

= 621.5 in ol (622 i1l
4

)

1)1 = 2:ulJ c + AlP)

(11 in)(O.3 iny'

12
~ (2) + {II in)(O.5 in)(6.25 in)2

+162in"1

= 75:3.9 in1 (754 in4
)

.4~ L.4.
~ (2) (11 m)(O.' iu) + 8.82 in')

= 28.6 in2

622 ill"

28.6 in'J

754 in~

2" '" . :.lo.v III

=ii.13in

The radius of gyration about the .r.-axm l.:uutrols.

KL KL~

(1Gft)(I~ ~)
'\.66 ill

= 41

For the ASD option,

Cc= I~f!

211"2 (29,000 ~i~)
m

36 kip!'l
in'.!

f( T.
= 126>­

r

t:"se the appropriat.e AISC equation.

KL'J
,.

J- '2 Pl/20,

(
(41)') ( kil~)

1 - (2)(126)2. ;l6 in'..!-

5 (3)(41) (41)'
:I + (8)(126) + (8)(126)'

= 19.0 kips/in:.!

P = P.,A

( kiP')= 19.0 -in:.! (28.6 in2
)

= 543 kips (550 kips)

The answer is (A).
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(420 juHn.!) ill)

(5.125 ill)2

I + 0.81

1.9
~ 0,72

HB = j~~d =

= 19

F; = fob = 24()() Ihrjiu2

• KbEE' (0.439) (1.600.000 ~~)
hE = R~ - (19)2

19461bf/in2

1946 ~h,f
Ff>E
1':' - --l~bi-f = 0.81

b 2400 ~
m

';, j,----;cp,-,,-:-;, -''''1'-'
I + --"" ~ H--F~ F~ F~

CJ~ = -1.9 h - --1.9-' - -1.-~

-Jc~~81_r-~::~

kipH

-\; = J{ ~ / 1'~ = 4.~ JG T~Z:-
rr. VE r. \1 29.000 ~~:;

, m

= 0.46 < 1.5

F<:r = (O.tirI8A~)f~

• ( ki )~ (0,6.58'0,..,·) 36 ,~
111~

'l? 0- k' /"= ,_.>1,) 'ps III

rjJPn = ,p"FcrAg

_ ( . kiPS). _ . 2-- (O.Sa) 32.9fl in
2
- (28.6 III )

." HOI lips

l]HC the appwpriate AlSC equation.

The answer is (A).

For th(· I.RFD option,

I

r
!
:

I
\

157. 'For the 5.125 in x 22.5 in sectioll.

The allowable lwnding stn:.......; is outailwd by lltlllt.iplyiug
the ba.'ii!: !)'tress hy the les.'ll'T of the volume (adm, Ct;.
nnd till' Inl.eral stahility (UL't.(lL C L .

I

i,
•

bh'
S ~ - -

"-= 432 in3

,:U,. = l'~S

(5.125 in){22.5 in):.!
-- -

fi

Allowable h,:ndiuK iitress is controlJcd by the stabilit,y
faC'tor, Ce.. Therefore.

}il,_ =-= F"t,S = CL,l'"S

(0,72) (2400 10:) (432 in')
n1

- (1f~O ~~) (12 ~)-
= 62 ft-kips

The answer Is fA).

158.

L"

"

~ (10) (G~ ~i) (~\i~~)
= 0.89

(18 it) (12 'ft)
-_.-

22.5 in

(~.l25 ~)) 1/10

a,125m

,

v (IbflftJ .... I
I " 2<W lbf/ft

240lbfltt

I t ,I "-

•

For a plywood diaphrugm, Lhe rcactioilli to the shear­
walts are in proportion t,o their tributary ]pngths.

.. !J.(i

7 < L .. < 143" '

L,. - 1.63L" + ;Id

~ (l.li3){18 ft) (12 ~:) + (:<)(22,5 in)

= -tl!l.6 in (120 in)

'l'lll'rdorf!,
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(320 ~) (120 ft)

The "hear ill t.he diaphragm just. to the right. of shearwall

B is

v'" = 'IJ./Lz _
", 2

= 19,200 lbf
2

For the masonry,

1500 Ibf
in2

3

= 667 Ibf/in2

I,

I

I'IJ€' shear rli.'1trilJutes uniformly over the ",idtb of the
diaphragm.

\lB. 19,200 llJf
lin, = H = 40 ft.

~ 480 Ibf/ft

Thl' "uru.,t.ioll in diaphn<gm shear hctwccu B and C iii

A trial vnluc of .4.., is found '_L"l..ing au internal If'vC'x arUJ
of 1/1l of tJlC effective dept,h.

M_
AS' ~ f~id

(588 ftrlb~ (12 ~)

- (32,001 :~:) m(381'~;
.,.. tl.066 in'.! (0.07 in2

)

'The limits of the: region where the a-lJsolute ....alue of v is
l~ thau 240 lbf/fl nrc given by the following equation.

Ibf
=,180-­

It
Ae- 0.07 in2

p = bd = (12 in)(3.81 in)

= 0.00J5;J

- (750) (1500 ~:;)

~ 25.77 (26)

pn = (O,OUl53)(26)

= O.1):l

The modula.r ra-tio iti

The steel ratio is

x
120 ft

Ibf (tbf)4""-- 8~ x
ft ft:'!

Ibf
v=24U -=

ft

:'1 =:iO ft
x:.! = 90 fl,

The answer Is (C).

I

I

159. DesigTl Ullll unit-length basis (b = J2 in).

(
, Ibf) )':lU fi (15.33 ft

8

= 587.5 ft-lbf (588 ft~lbf)

For wall reiuforet'IlIelll, ,entereu in a nominal 8 in mIle
soury wall,

d = !. ...:: 7.G2 in
2 2

= ;j.81 in

For gra.de (;0 reinfor,cmeut subject, to .....iud load, a one-­
third ifi(..1"t:I"L.:r, in allowable stress is pcnuitted.

F, - m(14,000 :~.~)
= 32.000 Ihf/in:'!

The depth to the neutra.l a.xis is

k = J(pfI)'l + 2pn _1m

~ ,1(0.04)' + (2)(0.04) - 0.04

~ 0.246

j~l_k
3

=1_°·246
3

~ 0.918

The 1';T..ress in the steel i....

f - lWIIl""

• - A'Ijd

(588 ft-Ib~ (12 ;)
- "(0".0"'7'""0"'")('"0".90'18")"(3;'.8,;01'0'0')

= 28.820 ~b; < F s
m
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The :'It,r(~':i in c(.IluTde is

(Ai",",) (~)
/;dl jk

(588 1,-lbO (12 ~)
- .

(12 ill)(3.81 in)2

Thf! ,.rial vulne Qf A b =- 0.07 ill'.! i.. .sufficient.

The answer Is (8).

160. The IllUnher of h'lding cycks is

( '·Yeles) ( daY')N = ,1)0 d 3G5 _.- (25 )'r d(~;gn life)
I.\J yr

= 456,250 eyelet>

PCT l\SD Spet:ilicatiOll. t,hcuumber of cycle> eorrespomb
t·o lofldilag conditioll 2. The bottom flange will expcri~

l:nce altl:nu~t.iug ten.'lion $(.J"cs,...; adjacent to the trans­
vel"se .....eld, whid. (:orrespOlJ(l'l t.o stn..··,s category 8'.
(The flallg\.' t.hickne::;~ of the W21 x 93 is 0.93 in, which
exc(,l.!<ls tile limit of 0.8 in t.hat distinguishes categoci(:s
b; and E'.) ror {.his (:olldit.ioH, Asn limit,,; the sln:!;.'1
range (<09 kips/ill:'!,

The BnSWflr is tAl.

l
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Solutions
Transportation

161. The curve Tnrlill:-l i."l

R ~ (3<'.0 )(100 f') ~ (300°)(100 rt)
2nD 2lr(2")

= 2864.789 ft

The i.uterlol' anp;h- is

1 = ,~1"5G'24" - 32"1.')'18/1

=- 22....n'6" (22.685")

Tilt· tallgenr. kngtll between PT 1\l.ld 1'1' is

I (22.6850)
'1' = R tan 2" :';' (28li4.789 ft.) tan 2

= 574.6&1 ft

The northing (i.<;., c-.IuUlge in 1l00th dimension) is

AN = l' cos(be(l.rill~)

= (574.652 H)cos(rWti6'24")

= :rW.1UO ft

Thf' C'K"ltillg (i.e., rhR.ugo in caf.;t dinlPllSion) is

!::J.E = :L'si..n(b("lariug)

= {574.G.j2 ft,} sin(5.1°56'24")

:::, 470.~82 ft

The nort1liu~ o( PT i~

Nl''T = Nel I f::.N
- 423,fJ6ilG8 ft. + 3;~O.10 ft

= 121,298.78 ft

The east.i~ of tllc P".r is

EP'T' = tJ!,! + 6.E

= 2G8,236.42 ft +- ·"170.38 ft

= 2f>8,706.80 ft

The coordinat(::o; of the PT arc '124,298.78 :.l and
26R.706.80 E.

TM answer Is (A).

133

162. Th(' hcariug" of the !'M.<lius. [Jr, at the 1'1' j.<; onset
90° from the taug.:ut at th~ PT.

Hr = 90" + Dr

"..,. 90° + t\ Mn 5{i':N" E
= N 144°56'2,1" r; (5 Jfj:>3'36" E)

The answer 1$ (0).

163. Usc the Pyt.hugorel\n thf>orcm and t.he given co­
ordinab:s to c.l1cuhl.te the required di'fl.aIIce.

The answer Is (C).

164. CSP. tho .AASHTO Green nook. For rural hig;h­
way:>, asstlm~ lIlf) lIlflximuIIl rate of supf'rdevatioll, 0.08­
lUO. For 40 mph (lc\l'iign speed a.nd a 2° curve, the curw
ra.diu~ is

(:JW"li LOO ft.)
2,(2")

III the Green nook \;xhibibs, the Tf'snlting ral.e or suo
perelevation is llpproximately 0.03.

The answer Is (8).

165. USf' the AASHTO Green llook exhibit 01\ stop"
ping sight. di....'tllllCU. '111e minimullL ~tupping sight. di.';­
tallcc for 8 dl?sign sp(xxl uf 10 mph is 300.6 fl ([Ounderl
np to 310 ft.).

The answer Is (C).

P"OF.SSION.&L puaLICATIOliS. IliC.
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•

166. Tlw curv(~ l~ngtL L-; t.l,e dist.nnce from t.he PC t.o
the PT.

2~R[ 2IT(20~O ft)(60")
L = ~60" = - :l60'> -

= 2I78.1i ft

st~~ PT = ,,1;;1 PC.J.- L = (8ta 1:l + 40) + 2178.17 it

-= stu:U + 18.17 (sta 34 -l- 18)

The answer is (C).

167. From l.he giveu table, th{' runoff for a. l;1IP."l' of
2080 fL mcHus L'i 150 ft.. On circular CUT\>U-; such al'i t.his,
dlC 150 ft Tepl"(~'l('nts ouc third 01" the h"1lpereJcvation
runoff, L (rile tram;;tioll from normal <:ross slope to the
snpcrelevllteo crO:i:' ~ction). Therd'ore, two thirds of
the snpCJ'ckvatioll. runoff is de\'e!opp<\ on thp tangent..
alit! in diU, case, LllJlt is 300 ft. The taugent rulJout,
1" (t.lle di.<rt.ance uIltil the adverse (:rQ6S slope has been
r<~mon'<.i), is 300 ft. (twic.:e the runoff in tbC! curve ac­
curding l-o the problem f>hd,(~ment). The station of the
transibOll start ('1'5) is

'jC 1'('" 2L Tst,(l, ,)-=Sll\' j-3 '- Jl

= (sta 12 , 4U) - 300 ft - 300 ft

= h't(l [) + 40

The answer is (A).

168. The midpoint., 101, of t·lle curve is loeated half of
t·he ClITlie length L past tIl(' Pc.

L
sta \.{ = st.-a PC + ­

2
2000 ft

= (sta 13+50)+-- 2

= sta 23 +50

The e!C'valioll of t.Le cemerliup. at· \1 is

L
elcvM,r:onc"dinc = dc\'pc + G"2

(
ft) ('000 ft)....:: liO ft + 0.0075 flo 2

-= 177.5 ft

The elevation of the outside pavt.'lnf'nt oog(" is

d(!VM.oo"., = elcVM,cclll.tor!;nc + 6..,lev

= 177.5 ft + 0.5--1 It.

~ 178.o-lft (178 ft)

The answer is (0).

169. The pea.k hour factor (f'HF) ~ defined in the
Highway Capacity Manual (HU"I) as \.Il€" ratio of the
total hourly volume to the peal< ratc of tiow 'Il,'it.hiu the
hour.

PHF = hourly volulrlO _ V
PC80K rate of flow within the hour 4\/15

195 veh + IG3 \'Ph + 157 veh + 178 veil

(1)(195 ,~h)

'c 0.888 (0.89)

The answer Is (B).

t 70. The recreational vehidcs CtUl be combined with
tmC'ks Uceausc the percent·age of trucks and hllses (22%)
iB at lC(I.')t five times the percent.ILge of RVs (1%). T1ler~

fore, tho anal.y:;is will he bu:;(!o Oll a percentnge of trucks,
PT, of 26%.

From ~hc HCM, the p;lS5eIlgt>r car equival(mt of heavy
trude.'l, /<Jr. is 1.5. The hp8VY vehicle ndjustlllellL fac­
tor, III\,. is c1etl'J1llined Ilsing the cuITe5j)om!ing HCM
equnt.ioH,

1
fHV = ',-

1 + PT(El' - l}
1

~- .-:;-;;;-;;i;,....,-"1 + (0.26)(1.5 I)

= 0.885

The l~ min pa')&en?;er car pquivlllent flow m.te if; Jc..'­
tel'tninen from a HeM equation. The driver poplIbtion
factor, Ip, L'I assumed to be 1.0 fol' comnlllter tral[jc.;.

Siuec the midpOint is more than 150 fl from till' PC
and mol'~ t,han 150 ft (rom the PT, t.he H('(1;ion L"i fully
elevated lit, the midpoint. The cross !llope is 0.01'; ftlfl.
The ()llt.~ide pavem()llt edge is higher than the centcr­
Hul' by

~". - (0.040 f') (12 ~) (1 hme)
ft lane

- 0.51 ft,

v
v" = ro,,";>;"'CC(PHF)NIHVI,

2500 ~'eh

- "">'.':i?T.:=;-jh;;C'=",,,,(0.85)(3 lanes) (0.885) (1.0)

= 1108 pcphpl (1110 pcphpl)

The answer is (8).

l
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171. The al;Lual frre-ftow ~,.peed (FFS) (',an be deter­
minen fruIU '-, HeM eql1ntioll.

nFFS = 6.~ llIph (givp.n!

h.w = 1.9 mph [HC:\1;

he "" 0.80 LIljJl. [HCM]

f;..., = 1.5 mph II1C.M]

fm = (l.() mph [HOIl]

FI'S = BH'S - hw·· he - tv - IJI)

= 65 mph - 1.9 mph - 0.8 mph

- Ui mph - 0.0 IIlph

= 60.8 mJlI. (fil mph)

1'hp {".hangl' ill lIumber of lanes will al.'iO chilllge the
15 min pa.......'l(~lIgcr rar equivalent Row ratl~ (tJp = 1~14

pephpl) ht:<:a1L';e it. "'las based 011 a SiX-I1Ult~ frce ......'ll.l.'.

"

~ :I.,
1_,4 IIoJl"'~ - ::I "p.3 lona;

= (~) (1874 pcphpl)

= 1406 pcphpl

The FF5, flSl>uming fonr lane.... ill l'u,ch directioI.l. ,an bl'i
dctcnuillOO from l.he appropriak HCM equalion.

lID = 2.5 mph [HeM'

FFS = 70 mph - 0.0 mph - 0.0 mph - 1.5 mph

- 2.5 mph

= 66 liIph

The FFS i:, used as t.he: average passen~p.r ('.Hr speed, S.
The density of flow fl"Um Lhe HUM ~lIatil)1l is

U = t.'p = JUG7 pc~h~~

S 61 IIU

hr
27.:l pepmpl

From tbe relevant IIC~v1 LOS exhibi.t, the L()~ is D.

The IInSWer Is (C).

BFFS = 70 mph

Aw = 0.0 mph

he = 0.0 IIIlJh

iN ;;;: 1.5 mph

[Kivcn]

IHC:\L nssulllin~ irj......l 1:1 ft lalll!S)

[
HeM, l:l.'i!>ulllinj!; ideal btcralj

t:l~aral.lct> > 6 ft

[
HeM, 1l.-;''I1lllJing four lanCS]

in cnch r1irt'd.jn/l

172. A.'~mruiug three lanes in cHch direction. t.he froc­
flow speed (FFS) (:1U1 be determinoo from tbe HeM
equation.

TIIf' density of flow for au eight-lane freew-ay (foUT Il\JIl'ti
in ('ach rlin:diml) i.."1 givell by t·he HC:\f density (l(luatioll.

BFFS = 70 mph

iLw = 0.0 mph

he = 0.0 mph

J,... -c- :tll mph

IRiven)

tHeM, a..·~umil1;; itlt".A1 l2 fL IanCllj

[
HC:\J, assumillf:t irlpal J

lat.eral clearancc > 6 ft

[
Hc:\t a......'illUlinf/: three lanes]

in cl)(:h dirlX:tion

1400 pcphpl

GG Inl

hr
... 21.3 pr:pmpl

flD = Vi mph :HC:....lj

FFS = BFFS - hw . iLe - f ...., - fILl

= 7n IlJph - O.U mph· 0.0 mph - 3.0 mph

- 2.5 mph

= 64.5 IIlph

The .1'1"8 is used as the IIn:rugc Va.s5e'llg€1· (,Al" :">1>1-,,-00, S.
Tltl~ density of tio'\\' for a ;,i,,-la.lle freeway (three hmes
in eadl direction) is

1814 P('flhpl
nil

64.5 hr

= 29.1 pqnnpl

Th(~ ca.lc1l1aled density (29.1 pqllllpl) i:;; greakr thall
:.16 pqllnpl (the maximum densit.y for LOS C from the
H(;~1 LOS criteria exhibit.). Th(~ cX(lcct.ed LOS is 0 if
only thrPll LUll'S m'l' provided in ('N·h direction. There­
fore, revise lhe proposed rlesil9-l :Utd provide four huu:-l
ill each direct·ioll a-nd chcck the dcusit.y again.

The calculated density (21.;3 ]1I:JlHlpl) i~ l('s..~ than 26
pcpmpl (thp, maximum density for LOS C from tllf!
HC!\'f exhibit,). 1'l1ereforr, t.h(~ expet.:ted freeway LOS
is C if fOllr 11111('.'> nrr provided ill earh dil'€clion.

The answer;$ (C).

173. vS('. the J'C~f LOS ('ritmia t:xhilJit. The freeway
capacity flC'.r lane Whl'Il vic = 1.0 i1; '2300 pcphpl nt flO
mph free-flow spccrl. fhr 1I growth fa.eLar of i = 5%. t.h<'
lIumber 01" years, n, until thl' fn:f:wlty reaches capacit.y
can be dctenllillecl as follows.

2:~OO pcphpl = (1900 pcphpl)(l + D.(5)"

log2300 I..lcpbpl = log 1900 pr;phpl f nlog(l-"- O.OS)

11 = ;t!J yr (,1 yr)

The answer is (D).
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(10.74 sl.a?
The station of the Bve is

= 8.25 st.a

The horo.ontal di.,-t.ancc from the nvc is

LG1

J:high .:, IG
2

- G
1

,'

(22.00 st.a) (:l -.!!-)
,ta

_ ~~_.l..:

£t .. ftl
-5 - "--sta sta

( 9
- 22.00 sta

:.: sta 1+70)- 2'-

= :-.1.a 80 + 7U

The answer is (C).

177.

176. The plevatioll of tile EVe is

1 I G' Le evE',vc = e c...-v +- ·z 2

= 2Jl.00 ft-'- (-2- s:~) (16.4~Sla)

= 214.J2 ft (210 ft)

(G-'-Gl) ' _- 2£ xrall +C,Xrail +dC\'BVC

-2 .!!.. - (+3 .!!..)
sla sta
(2)( I6.48 ,tal

L
J'rAIi = '2 -I (sl8 28 + ~U) - (sta 26 + 00)

]fi.48 ~'ta
= '1- - - + (~ta 28 + 50) . (sla 26 -I- 00)

= 1(1.74 sll1

L
dC\"l:wc = (·Ievv - G I 2

= 231.00 ft _ (3 ~) (16.48 stu)
sta 2

= 20G.28 ft

+ (.1 .ft~) (10.74 stA.) + 206.28 ft
!'ita

-:: 221.00 It.

The (:llr\'e elevat.ion at trade: centerline is

174. The hotiumtal rlisLam;e from the BVe tra(:k cen­
terline j:o;

The dishwcc D is the rlifTercm.:c lwtwet'n t,he curyc ele­
vation at. the track center liun and l.lw e1evalion of the
raBbed at that same poillt.

D = 221.()(} rt - 195.00 ft

= 26 ft

The st.ation of t.llt' highest poinl UI} the curve (t.he turn­
ilJ~ point) is

stabiKh = stanvc + :rhilth

= (sta 80 + 70) I 8.25 :.1,a

=sta88+95

The answer is (8).

The snswer Is (C).

175. There are different wn)':-. to dct-ermine the mini­
illwn len~h of a Vl'rtical t.lIn~. The quickest is to use
the AASHTO Gre...n Book l:xhibit 011 design (:ontrols
for Cl'tlht vertienl curves with open fOlU"! cOllllitiuIl.s.

Caknlnte tlJt: algebraic differencc, A, In gnul!'!).

A = IG:.! - Cd
= 1-6%-2%1

'-" 8%

178. The distaw:l' from the point uf intel'Sl.:ftion of the
two taugcnt.s (tLl' \,prtex) to the midpoiut of the CUIYe
is th(~ external disLaucc. rJ.

E=R(~~-l)

( W )= (1100 ft) seCT ~1

= 90.63 ft. (91 ft.)

The answer Is (e).

-£G1

XI<lW = Ie' G'2 - ~ll

I
-

Entcr a hori'l.ontallim:! from t,he i.\!b~brak difference in
grades inlo the Gm:1l Rook (·xllibit LO iut.eTSeCl tht: 5':'
mph (:llrve. Drop a vertieal line hum the point. of iu­
tersectioIl., and f(~od I,he minimum kll/1l.h of curve. L,
which iu t.his ('.11.".' is about 900 ft..

The answer is (D).

179. The uori7.ontal rlistiUll:e from the nvc L'l

-(9 ",,) (--I!:)
~~ -i_--,sta:.:: 1ft . (-4 ft-)

;ita st-a

= 7.20 sta
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The eleva\.ion of the nvc is The paiX<.;t'uger car equivalent fur RVt; is

L
devnvc = devv - G1 -

2

= 2231.:31 fi. - (­

= 2249.:n ft

4ft) (9.~ "ta)
sr.a 2

£-'11 = 1.1 lIIDl'll

Tlw adjnstnwnt factor for th., presence of }wavy vehi­
des, fnv, is ddcnnincd nsing t]w appropriate HC~1'vI

efIlIation.

The elevation of the lowest point on the eurve (the turn­
ing point) is

,
(7.20 st.a)

veh)
pc

1

V
vP=m="'~­(PHF)fc;fH\'

lIDO Veil

he

(0.92)(0.99) (0931

= 12!J7 peph

fHV = 1 + PT(~'T - 1) + r'l(~'n - 1)

1

1 I (ll.OB)(1.9 - 1) + (U.02)( 1.1 -I)

= O.!J31

~ 2249.31 ft,( It)+ -4 - (7.20 IOta)
sta

= 22:l4.:Jl ft. (22;~5 ft)

elevlow =

The answer is (0). The highest, direction<'l.l flow rate for lhe peak [5-mill
period in pcph is

180. Use the procedure for analysis of two-la.ne high­
ways with general terrain since no specific grade wa.s
given. The passenger car equiva.lent flow rate for tlH'

peak 15 min period is given by the relevant HC1,J equa­
tion.

-- (0.6)( 1297 pcph)

= 77~ pcph

V
l' =
l' (PHP)fc;fnv The answer is (C).

The adjustmeIlt factor foI' grade it:;

!G --::- 0.99 [HG\-I]

The passenger car equivalent for heavy trueks is

181. E·stirnate the expected traffic volume that will use
th(~ new freewa.y hy plotting r.he point of intersection of
th(~ demand and Sllpply curves. Tlle two curves can be
eombineo HI' shown. At the point of intersection, r.he
volmue iH most nearly 1TiD vph.

£'1' = 1.9 [HC}'J] The answer is (0).

000

ttt
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182. Total overhaul disl.allce (OHO) is t.he dift"erence
bCt\\1lC1I thll aW'Tage wtal haul di."ltanre (Trm) and [rea
haul dislauet" (FHD).

OHD = THD - FIID
= 840 ft - [iOO fL

~ 34U ft

184. Using the gravity model and the producLious. P,
<U1d attracLiolliS, ~1. of the reloted zones, Lhe ~rips pro­
Uut:crl in zone 1 aud attracted to zone 3 are

ASSUl1Jill~ tOO ft st.ations. the OHD in :-1.at.ions is

orID 3 = (340 ft.) (:0l7rt.)
= ~1.40 st8

Tho overhaul in Cllhic yard."! (OH,,) is 730 yd:{ from the
mass diagTam for GUO fl free haul. The overhaul in cubit:
yard·slatiuns (OR) is

= (1600 trip.'l)

= 429.2 trips

(1100 ,,;psj(8)(I)
(8'0,,;ps)(IO)(I)

+ (1100 (,';p')(8)(1)

+ (GoO ',ip,)(24)(1)

(430 t,ips)

OH· (OTl.)(OHD,)

= (730 yd3 )(3.40 st.a)

= 2·182 ?-"u:1-Sta

The fad-or 1< is as....uuwd to he 1 he<:aw,e the problcm
statt-'d that the SOCiocCOllOmit: conditions are the !>amp
fot" all zones.

The overhaul cost (OIlC) depeud"l 011 t.he overhaul unit
('0$( (CC) and thr amount or o\uhanl.

The answer is (8).

OHC o. (UC)(OH)

~ (9.n.. 3 ) (2482 yn3-st.a)
yd ~ta

~ $24,2(J() ($24JJOO)

The answer is (e).

185. Based aLL the node-t~nod(.. trawl times from the
illustrat.ion in the problem, the minimum lravcl times
from node 1 to all the other nodes are shown in thl'
following ilIust.ration. The links ",'it.h t.he longer wl.a]

tm....,J times from norte 1 arc eliminated biliiCd on AD

all-or-nothing approach.

Link 1-5 will carry tl.le volume from nodc 1 to both
nodes 5 and 4. The tot.al volume, V, on link 1·5 is 215
veh (115 veh + 130 veh) Il..'l sho't\'1l in the next. i1lu~tra·

tion.

3

,
,
,
,,
:24 min,,,,,,
,

2

18min

12 min

longer total travel times

5

7min

1

(not 10 scale)

The answer is (8).

183. T'tle service rat.f'i per IlI)ur, Q, depends on the
S()I'V;('c time pel' vchide (SPV).

Q = (SPV) (60 Illill)
.I hI'

( 1vel. ) (60 m;,,)
= 1.5 min -,'lu:--

= 40 vph

The liCrvke raLe lli K!"<:atcr I.han the arri\'3.1 rate, q. of
30 vph. Therefore. the qllew" i"l ~lndersatucatcd. 'Ihf'
exp«:tctlulIUlber of vehicles wait.ing in the queue i:l

g'
L,- ~Q~(Q;!-_~q)

~_~(~---,~:~:,!-)_2---ci-C-

- (40 ...eli) (.~O veh _ 30 Veh)
hI' hI' lu

= 2.25

PROFESSIONAL PU8LICATIONS, INC.
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1

245 veh 2

3
The percelltage of trips bp\.ween \':ones 1 and 2 thaL are
expected to use auto, 1-18", is speeifil'd by the Qns
model.

1"f'viS = 1,2" X 100%
" I' I"1,'21. + 1,'2(1.

(78.49 min)L'i
==c-"C~-=2~-c-c<x l00SJ(,
(iH,83 min)1.5 + (78.49 min)L~

= 57%

5
130 veh

4
The answer is (8).

(not to scale~

The vehide IlliIlut(~ of traveL V!vL is the Lotal volume,
V, lIlultiplied by the travel time, 1'.

V\1 = FT = (24;3 veh)(7 min)

= "1715 veh-min (17UO veh-min)

The answer;s (C).

187. The expected number of fatal accident.s aSter the
developmeuL .F:.~"" ib the number of fatal accidents be­
fore t.he developmeut, FA)" reduced by 25%.

FA" = (1 - reduction)FAo
= (1- 0.2,5)(140 total aeeicknts)

(
5 fatal accidents )

x IlK) -L~tal1:\(:cidents
= 5.2·5 fatal accident;.-;

Similarly, impedance of the transit mode between zones
1 and 2 is

186. The QRS method is ba..s("(1 on ineorpora.ting ser­
vice elements in t.he estima.tion. Impedance of thp anto
mode hdween 7...(m(~ 1 and 2, [1.2,., is a function of the
in-vehicle t.ime, VT", in minutes; t.he excess time, ETu '

in minut.(~: the trip cost., Te,,; and the income per min,

I:"Io ·

11,'21 - VT t I 2.5ETr

days)-- (15 mi)
veal'

V~,U c;- (ADT)TT~

( . YOh) (= 18,ODO - (:1 yr) :3(i5
day

= 2!l').65 x 106 vph-mi

R.PV~-I = FA,,(100 x 1(
6

)

VT\JT
(5.2,,) fatal aceickntb)(lOO x 106 )

295.65 X 106 veh-mi

= 1.78 fatal a.::cidcnt,-;jH\lVM

(1.8 far,al RcddpntsjHMV\I)

The answer;s (8).

The fatal accident rate, Rl'V11, per 100 million veh-m!
of travel (HMV.\l) i::;

The vehicle-miles of travd (Vrv'1T) during the 3 yr pe­
riod, T, after t.he development and improvcment5 on
this 15 mile section, L, is

TC\
I :~-----­

I:"It

$;30,000
12U,UOU min

( ",,,,)
60 - t (2.5)(6 min)

hr

( IU5 $.) (12 mil
nlJ

-12 mi

nn
55 ­

hI'

+ (:l)

= 78.19 min

= 64.83 min

VE = >--: entering traffic

v(~h veh veh veh
oc 1250 + 235U -- T 730 -- + -1920 --

(lay day da:)' day

= 6250 veh j day

188. The total number of vehicles entering the int,er­
sectiou::; is

llllll)---- + (2.;,)}(llmin)
hr

(60

( I)0.20 -. (10 mi)
lIn

10 mi
lIn

--15
hr

$:30.000
-_.. _- -_.-

120,000 min

PROFESSIONAL PUBLICATIONS, INC.
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Frow the pl'olJicm st.a.tement. 1:1 injuT)'--<:auo;ing f1CCI­

dem,o;, lA, occurred in i yf- The rat,c of IA per 10
million ('uterill!/, vchides is

190. The. widt.b of l\\-a,ilabJe llpllce for parking all (~ac:h

side of the road, lV/>, i!l calculated from Lim width of
the road, ~F, and the width of each lane, WL,.

TM answer is (B).

The tot"l.1 number of parallel parking sp3.Ce5 Oll hath
~ides of t.he rood is

=9ft

, _W_;;-2_H~i-T_
\'1- r =

2
40 It- (t)(11 r,)
--.-

2

This parking width (9 ft.) can onl...,. accommodate: p<tr·
allel parking. which is lhc parking configtll'lltion with
the lea...t traffic int.erferencc-. The 1t.~IIKth of II parking
~paC€ in II parallel parking eonfiguratioll Lo; based on a
standard of 22 fl..

- -0.-
7
(0-'250 _vel<) (3G5 _day)

day year

= ,)7 accidents/ lOG veh

TA(10 X l(6)
H.PEV ,,-. .

VE (;Ui5 ;)

(
injnry a.ttideutll) ( ~)

13· 10xhr
}T

189. Ha.':Icd on t.he pen-tnt of COUllllut('.TS, Pl. the nllffi­
hc'r of coIIllll1\ling vehid~ expected to use the parking
garage 1..';

VI =]->1 V = ((U,"i)(400 veh)

= 300 veh

fiasecl on the pt"went of sbollPcrS. P2, the number of
shoj.lping vehicl~ C-'qlect.ed to usc t.he parking garage lli

\12 = P~V = (0.25)(400 vell)

=.: 100 veil

IV = ino. of sidcs)(road length)
:>"ta.ll length

(2)( 1.2 mil (5too ft)
I 101

- 22-~
space

c-_ 57u OIpl1ces (580 ~paces)

The total <!PlIl<l-nd for the garage, D, is based 011 the
numher of ,-'Chides and the time they spend varkcd. tl
n ..prP.Seuls the avemgt: parking duratuion of the oom­
llIUf>€fS, and t'J is the awrage parking duratiou of t.he
shOIJIIClfl;.

D .: Vilt + Vit:.!

"::. (JDO vch)(S hl") + (100 veh)(3 hr)

= 2700 \'eh-Ilr

The answer Is (8).

191. TI:Il: 'tJ.:'€a\'iIlK $lXtion Lo; of type A configuration
accordin!/; t.o the Hi,ghwoy Capo.c1ty MrlT/nal (HC!I:I) be­
Onlse both weaving movements must make (llW hne
c:hange.

The larger of the lIonwE'&ving flows is

BCnUl5e each vc:hide is expc!Cted to ()(:l:npy one space,
the demand can he expres.'iod as 2700 spaces-hr. The
t()t~l time the parking garage L'J available for parkill~,

T, is from G 1i.1ll. to 5 p.lll. (11 hr). f is thA pa,l'king
efficiency. ,V is tlw number of spaces required to meet
the demand. Tbe demand is l'(lual to lhl~ product of
r.he efficiency. tile a\'aila.ble time. and the number of
spuccs requif('(1 to meet uemand. The required suppl}',
S, should be equal to or greater t.han the de.mand.

1J) = 2500 passeu!/,i.'r ('.ars + 2000 pas8C1lKcr Cani

hr hr
_ 200 cp_"-<se=~Il,,:gcr ears

he
"'= 4300 pas.'3€nger ears/hI"

The small(JI' of the JlOnweavinK f10',l,'S L'l

S> D~fTN

2700 spac\:t'-hr = (ll.R5}(11 hr),N

I'll = 289 span~ (290 spacc:s)

pah."'>Cnger c.ars , passenger cnrn
1,'2 ::: 450 - - - ;jOO -- -

hI' hr
= 1.50 paSSeLl~()r caTs/hI"

The answer Is Ie). The ,-,,"Caving Rows are shown in dw ',l,"Cavin~ din?;raJtl.

, PROFESSIONAL PUBLICATIONS, 'NC.



--------~~~~ _._..- ---_ __.•.... _.~- .
SOLUTIONS - AFTERNOON SESSION 141

4300 pcph

150 pcph

•

•

The weaving speed for unconstrained operations is gi ven
by the relevam HCI....! equation.

1111
. SFF - 10 ~

S",. = 15 illl + hI'
11l' 1 + Hii

• •nn illl
mi GO ~l - 10 ~

= 1.5 _ + II' hI'
hr 1 -+- 0.705

= 44.:3 mph (44 mph)

The answer Is (B).

The critical ratius can be calculated based on the weav­
ing diagram and the definitions of critical ratios given
in HC1I exhibils.

Total weaving fiow rate in the weaving area is

Jlll."iSenger cars passen'fer cars'Ii,,,, = 200 . + 30() b

hr hr
-- ;:;00 pas.:-;cnger cars/hI'

Total f1m", in the weaving area is

192. T1w total lost timp for the whole intersection, L
is the sUin of lost time.-" for all the phases.

= a sec + a scc+:3 SIX: + 3 sce

"'"' 12 sec

Using the appropriate HCI\I equation, the cycle length
of the intersection traffic signal, C, can be determined
given the desired critical ralio of fiow to capacity for
lhe overall iutersection, Xc'

passenger cars
v - 4300 ~ ;")00

h,
+ l.''jO passenger cars

he
= 4900 pa.ssenger can;jhr

passenger cars
he L (V) ( C )Xc = ~ ci C - L

0.90 = (0.35 + 0.10 + o.n + O.OS) (---·f----)
C - 12 sec

C = 77.1 sec (78 sec)

The volume ratio is
The answer Is (B).

193. The problem statpHient providcs information
about the intersection: the maxilillUli allowable speed,
v: the ' .... idth of imersectioll, IV: the average length of
vehidp, L; the perception-reaction time, [PH.; and the
deceleration rate, a.

passeoger cars
[JO(} -

hr
passeilgei' --(:a1's

19.':;0 I
H

= 0.101
The minimum yello,.... interval at this intersection is

vThe weaving section has a total of three lanes, ,\I, a.nd a
length of 1500 ft, L. The weaving intcm;.ity fador, H'i,
is given by an IIC1.f equation. The constants a, b, C,

and d are obtained from nCT\·f.

H' = aCI + VR)b (N)C

, 1/1

(

__ passcngpr can; ) lun
4!;/,)(l -- - ------

({l.V·»)(l + fl.101F ~ hr-lane
3 lancs

(1 GOO ft)O HO

IV +L
L,'cllow.min = tl'R + T-

U 2a

~_~-;48~ftc'+~2::;O"fto;-~_~=2sec+----;

(45 eni) (.5280 ft) ( _lin' . )
hI' 1 ml 3600 sec

+ ~(,.1_5_'~:=~~c')_(,:,)~c8=1~=n=ft~)""('i'3=~=h=:=(X=,'-.)
(2) (11.2 s~~~ )

= 5.98 sec (6.0 scc)

=O.70i) The answer Is (D).

PROFESSIONAL PUBLICATIONS, INC.
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194. Compound cnrvp.s consist of l·wO or morc CUfVCS

turllin~ in the same direction while reverse Clm.'(~ turn
it. opptll'itc rlirert.ions. Therefore, the st.atcwcut ill OIl­
lion (C) is not true. All I.he ot,her sta.tements are Lrue.

The answer is (e).

195. Ra.pifl-nlring asphalt. is fonned by cllttinK ns­
phalt I:crnClIt wit,h a pet.roleum distillat.e, such ~ Ka."IO­
lint.', tlmt will ca."i Iy P."Vll.1)OTIl.I,P.

The answer is (C).

196. A soil dassified M A-7-6 (20) ill usually Tilted
"poor" as a subgriVi€ {uld is COllsidercd \msllitablf~ fl..',1l
sublH)':;t~ material. Th8refore, th", .~ta\.eIllent ill option
(D) is not true. All ot.her ~tMemellls are lrue.

The answer is (0).

197. From I.he iIJustrat.iolJs. for maximum nnit. weight,
the a:.;plmlt content ACuw is (;.4?C. lobr maxinllllll mar­
.!:lllal 1>tability, the Mphalt COllleut. ACST is 4.9%. For
1% tOtal air voi(l" (VTM). the asphalt coutCllt ACAI i:i
1.59t The optimum asphalt oolll£ul ACop L'l

.'C _ ACuw + ACST + ACAI
·~-op- ~3

.';.4% + Hflr,..f 4.[)%
= --- .._--

3
~ 4.93jt (5%)

The answer is (C}.

198. The problem ~t.fl.tell1f'nt. pl'O\"ide.y informatioll
abou~ t.he paviul'; mixt1ll'f': thp bulk specific gTuvity of
the (;oIllbiupr! a.ggregat.e in the mixture, G,l, the mllS.'i of
111l~ COfl;' in ail', A; and thf' m~ of (,he submerged core,
c.
The bulk specific gnn-it.)' of the mix is

A
Gmb = 11 _ c:

1238.5 g
-~;::=~c::12:18.;1 g. 698.~~ l!:

= 2.29

Th(: aggregate pen..-ellt by ~'t.-iF.ht. of tot.al paving mix­
ture. P6' is lOOS{ - 65f - 94%. The percent \-rr..·L.o\ is

VMA - 100% _ Gmb)$

G,"
= 100% _ (2.29)(9-1%)

2.64
~ I'.4G% (18%)

The answer is (C).

PROI"ESSIONAL PU8LICATIONS, INC.

199. The problcUlI';takmf'nt, gives t.ne folJowiJ.1¥, infor­
mation about the projf'CT. location and the pawmcnt.
design: lal.itmJc, lat; the 7 d a\'erage high air h:lllfll'ra­
tllrc. Thigh; the I d 8"'·€'Tal/,C low air temperature. 1ic.w;
the standard de\'ialioH of the h.i~ t.emperalure, 0hlgl,;

llw standard d~\'iation of the low temperature. Ulo.... ;
HU' pawment smfare dClJth. H; and the reliability.

The 7 d average bi~h ail' temperature fOf 98% (z -::
2.055) reliability is

1i,i!\1'98 = Thigh + 2.0flfilThiRIl :- 31°C + (2)(L5"C)
= 34"C

The design pav€'JIltmt tcmp~f;j,t.llre al a depth uf 20 mm
l.'i

(

Thll(hOS - O.OOfiI8(lat)2)
- (0.954;) - 17.78
+ O.2289(1at) + 42.2

34<>C - (O.00618)(40.9°r.l

~ (0.1289)(40.9>:» (0.9545) - 17.78

-:- 42.2

111r low pavemeut dl:si~n temperature i:;

Tpavc = 1.56+ O.72T\ooo; - 0.004(lat)2

I 6.26Iog lO (H + 25)

-zJ4.4 + O.52lT~,w

~ 156, (0.72)( -25"C) - (0.004)(40.9")'

-I- 6.26 lo!/;II)(100 nnn I 25)

- 2.0.55/4:'4 + (0.52)(2.7°)2

~ -14.4'C (-14'C)

From a tabl ... that coutalll.'l pt:rfornmnce-gradetl asphalt,

bimlcr spedfic.atiolls. Ul>C thc rompUl.ed values of120 ''''''
and 1;...."" to &'Iect an appropriate performance gradt:
asphalt biudef for {.his project. The asphalt bindel' PG
58--16 is the lllO~"t. appropriate for 985i: rcliahililY.

The answer is (C).

200. The problem l>-r,I~tcmf'nt. t,rives information aoo1lt­

t.hc <:om.1;ructed pavemcut. inrillding its thicklle:..."i, D;
t.!Ie layer COeffiCiCllt, a; I~nd the draiuagc cocffi('it'nt.. nl.

The mat.erials lllSCtl ill the different La.ycn;-AC .'inrfl'lC€'
course. untreat.ed grallular base, and unt.feat.ed gravel
.'illhhase are repn:.....lent.e<! by the subscripts 1. 2, Il.nd ;3,
respect.ively.

j
I
I

I
!
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thickness, D layer drainage
material (in) coefficient, " coefficient. m

AC sulfil.CC
course, D, 6 0.400

llntr""ted granular
bas<', Ih 6 0.115 0.,,0

untreated gravel
~llbl."",,,, Do 10 O.OrlO (L~O

The SN of the conslructed pavement is

~ (0.100)(6 'n) + (0.11.\)(8 'n)(O.5D)

+ (0.09)(10 'n)(0.50)

~ 3.31 (:3.:3)

The answer;s (8).

PROFESSIONAL PUBLICATIONS, INC.



Solutions
Water Resources

201. The ratio of t,he de:;ign head to t he test head is

H 16 ft
-~ -- =1.6
Ho 10 f~

From '.Iw. wst rrSlIlt.:;. l,he coeftioent of discharge is

G
C.. = 1.09

C = I.09Co

( ""')~ (1.09) 2.20 -'-
~~

= 2.40 ftI/2/~:

Thl.' diNCharg(~ for Il hrond-("r~tedweir is

Q = CbHJ/'l

= (2.40 f~~2) (W It)(Hi fl);l/:!

= 2<157 ft:l/~ (2500 ftJ /st.:<:)

The answer is (8).

202. 'flie ~lul~llH.l1Itl:i ure all trw;.

The answer is (S).

203. 'rho tot,al lLvailllhlc ('11(:1"10" }I('II(\ is I:'-Cjual to t.he
velocit), head l\t the discharge plus t.be total lo.~st~ in
I.he piping system. The I~s iudude fridioll at- the
square t'utraU(;c, h",: frictiun ill pipe sL'i:tion 1-2, hfl ;

sudden contraction, h,,; friet·ion in pipe sectiou 2-3, h f2 ;

[fiction in the rotarr mlve, 11,;: aud the vel(x:ity head at
the free Jk,(;hargc, lid. The IUjnor 101>.'K.'S arc ('.xpn.......-.;ed

usiug a l~ c.:odficicllt. K, of the \,e!ocity head. The
head. loss for a. sqmu'e ed;;,'€' entrauce (K" = 0.5) is

v'0.5- I
29c

The head loss fOr pipt! :-;<:;,t.ion 1-2 is

I,f, - f, (~) (;~)

~" (J940 ft) (~i) (12 in)
20 m 2.q ft

v'
= 2364ft-'

2.

The head loss for the ~udden contraet.ioll is

. The bead lo~:; for pipe section 2-3 i."

(L)(V')h'f~ = h D 2,~

~ f (4020 ft) (vi) (12 in)
2 12 in '2g fl

,.',
~ 4020j,­

'29

The lwud lo.~!'1 for a f\llly open rotary valve i!'l

The head loss for t.he free discharge L'l

h
_ l.n\'~,-

29

From tile continuity l.'qllfLtion,

Il'lV2 D~\'2
VI = _.- = -fo"

A DI
(12 ill}2V,:!

-
(20 in)'!

= O.36v~

145
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The relaLinl rvuglUK.':!:lIi for ('ach of Hlt' hvo pipe;< is

The answer 1$ (8).

~ ((12 In) ( , ft ))' (11 _fl )
12m sec- ---'------'-'~'-'--'-~

4

The dischargl' is

DiQ = .42"1 = -- V1
4

( lft)( ft)(12 in) -.-." 10.uJ -
H

12 11I set:
(::2 = --_. - f:2

1.410 X Hi-fi t

""

"'rom n Moorly diagram, t.he fril:tion fad.on! are Ii =
0.025 And h = O.OZK TI}(~~ valucs are close enough
tu th(~ a.'l.':iIlIllOO {rictiou {acton. lL'uxl to find the pipe
velocitiet;. 'I'ht' velocities in the pipe arc

= 7.:::i4 x 10"

v\ = 4 ft./t:.ec

v"l = It fijst:X

( 1ft.)(20 ill),. YJ
12 IJl

"

= 1.18 x 1O.5 V1

(
tfl')

(12 in) .' "'2
12m

='It"'~
1.110 x to-"

" " (0,004 ft) ('2 In)
1)1 20 ill fl

~ 0,0024

~~ = (O.~~f~) (12~)

= 0.00-'

- - f'I.
1.410 X 10-5 -

""

To t!Valuutt~ It ImJ h,. tlw Hcyuolds lllunhcrs for points
1 am1 2 are lItx,'(k',,1.

Solve h.y itcmt.icliI, For trial I, assume It is 0.022 and
h 1:1 0.028. Th(: 11(:a.o los;.; ff'lationships are

6.E" = ~Ep

fIr: I hfl + h<: + hfl ...,... h" -+- ltd = 295 [1.

204. The difl'I'l"l.'1u:c hrtWf>e1l the water clc'v1ltioll in a
rf!ser\'oir 8ud the ....'Uter level in a pie;r,Oluet.er at the jum:­
tion is t he head los.-; for t.hl' flow ill t.he associated pip(·.
Thl' sum of (.he flow:; illto t.he junction must equal the:
sum of the flows It·avin.e; (.he junction.

Also, l,he piet.ollwnic head at thp j1JlWtiOTI i::; the :;ume
for all pipes that meet at tlw jnnrtion. This require"! an
iterative solution ~olvcd by assnrning a piezometrir head
at the junctioll, calculatiu)I; the l1('a.o losses in each pipe,
then solving fur the flow in e<'lrh pipe, The direction of
fiow is based OIl the It.'lsmncd head al lhe j unctiun and
the flows summed accordini/;ly. TIl(' error in t.he trial
indicat,('H the din:ciiou the assumed head at the junctioll
~ho1tld bl' .'ld for the next trial. Thl~ friction loss in eaeh
JHJW l!:i

~ 0,022

= 295 fl

"

'J(' '1
·......)\'2

x

(2) (:12,2 ~)
scc2

..;- (0.:12 t· 4920h I 10 -+- 1)

(0,5 + 23G1ft)

Solve for \'2 using a mknlatOJ solver, with h
ami h = f).028.

":l - 1O.(i:3 ft/sN:

\' I = O.:JGv2

~ (0,36) (1063 ~~)

= 3.83 ft./see
~ (0,04) (1 ':480 f')

l.J;i It

The Reynolds nnmhCn> Il.re

(20 in) ( , ~ ) (3,"3 ~)
12 III SCt.'

- _.-. ---- ft2
1.410 x 10 ..') ­

'K

h ~ (0,04) (2050 It)
h 1 ft

,.,
"- .-"'---,c-,

(2) (32,2 -"-)
St'c2

-= 4.&3 X 10'''

PROF ••• IONAL PUBLICATIONS, INC.
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(
5900 ft)

h}) = [0.0-1) 1.67 it

:.... 2.19..h·~

..'., The flow ill pipe 3 is

Q3 = A3\'3

(2."182 ft:'!) (5.'130 1'1:)
- 1l.~49 fl:l/sl,'t;

Assume the piezomctric heoo at t.be junction is at an
el~-atiOIl of 360 ft. Other initial devution assnmptions
could be lllil.C..lC. Tius IIIC<UlS Q2 fiCffi."S int.o we junction.
lUlU Ql and Q3 flow out of l.he junction. For pipe 1, the
head is

h ll = 360.0 ft - 328.0 ft. = ~2 ft.

The ~·E'lO('ity iIi pipt' 1 u;

!hi. /n it
\'1 = V5:361 = V5.361

~ 2.443 IL/sec

The flow in pipe 1 is

Fl)r pipe 2, the head i~

hh = 42G.5 ft - 360.0 ft

= 66.5 ft

The vdOl:ity in pip~ 2 is

v. -= fhh = J66.5 It
2 V1132 1.832

= 6.025 hjsec

The dow in pipe '2 is

Q2 = A 2V2

= (0.785 ft2
) ( (j.025 :c)

= 4.730 ft3/$(.'('"

For pipe 3, the hea.d is

}~h = 360.0 ft - 295.3 ft

= 64.7 ft·

The vl'1ocity in pipe 3 i.<;

fhh }647 It
V:l - V2.l94 = V 2.194

~ 5.430 ft/"'"

The sum of Rows llWIIUrl thp junction is

Q2 -QJ -Q;l = U

h~ Us h 3 .
4.730 .- - ~.410 - - 11.849 - = -10.52!l [t,ljlCA:e

SE'(; soc sec

Since the SUUI of flows does nol equal zero: anoth{'r
trial is Ilecu..""lI}'. The assumed pi,"~.{,()mdric hf'.3t.i at
the junction is til\! high heot.use the f:I.o\\"1> Ollt of tlIp
junction are too large. .'\.'lSlImp the piezometric head at.
the junction is 321.0 ft. This means Ql ami Q'l fi"w
into the jWlctioll, and Q;" flows out.

Ql +Q'l.-Q3=O

The head and velocity for pipe 1 are

hh = 328.0 ft, - 321.0 ft. = 7 ft

{7ft
VI = V5.36i"

= 1.143 hiSf!('.

The f1uw ill pip~ I is

Q! ..::; (1.39G re) (1.143 ~)
sec

= ·1.596 ft:J jSl:C

For pipe 2,

h/2 = 426.,1) ft - 321.0 It = 105.,) ft

/105.5 fl
V2 = V 1.H:U

= 7.59 [tJsec

, ( It )Q'l = (0.780 ft) 7.59-
SIX

= 5.958 h.3/sec

POr pip", 3,

hI:< = 321.0 ft. - 295.3 ft = 25.7 It

J2~.7 ft.
V:I = 2.191

~ 3.422 It/""

Q:& '-' (2.182 ft~) (3.422 :c)
= 7.'167 ft.3Jscc

.... O ..... IGNAL PUBLICATIONS. INC.
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The surn of flows around tlw junction is

ft3
7.4G? --­

sec

207. Determine trw system head cnrves for thr: two
clear well elevations. Then, plot the pllmp curve against
HI(' system head curves to determine the range of op­
erating points. The pipe friction loss is given by the
HaZCll- \Villiams equation.

(l.08? ft3 jscc [d()M~ enough]

C/J = 1.6 ft:J/scc into the junction

Q2 = G.O ft:3 jser into the junction

(2:1 = 7.5 ft:1jscc into the junclion

The answer is (8).

205. The slope of t]w stream is

10.1'1LQ ~J;;~
C' S·~d4.sn.'i.~

mchC8

For design, use a. roughness coefficient. of BO. The di..,­
charge pipe friction loss is

(10.44)(2000 ft)Q~i~~

hI" = (140)1 R'~(1L in)4 ~·ti55
- 12 cc 1,)-tirilJ:\.~ ft- ,.Od X C gpJIL '

The suct.ion pipe friction loss is

At the wlrirl11S flows, t.he discharge and suction friction
losscs arc

Sf) = _l>_z ~ ",1"·c5c1,,fc',r 21;);').69 ft.
= o.ooon njh

The \lanning rouglmess roetfident, H, for Ii natural
dw.nnd with stones am! wc('ds is 0.0:35. The rna..."XiJlllllll
flow mea is

A =10(/ = (4 fr,)(G ft)

= 24 n1

hj"
(10.44)(1500 tt)Q~:';;

("140)1.83(16 iIl)4,~n,),)

= 2.322 x 10 GQ~~~ ft.

Tlw wct.kd llcrimder is

The IlO\v from t.he Chezy-:tvIanning equation is

p = 1L'''''''' 2d = 4 ft + (2)(6 ft.!

= 16 ft

The bydranlic radiu:o i:o

A
11­

l'
= 1.5 ft.

24 nz

16 ft

pnmll tota.l discharge suction
flow dynamic friction friction
rate hea.d loss loss

(I;plll) (It ) (it) (fl)

GUU 96 1.24 0.23
1000 88 4AS O.R;)
l~)()() 76 9.43 1.71
:WOU 60 16.05 2.97
2GOO :~6 24.36 4.49

Tlle lot.a! dYllalllic head i:o

h" = h OJ - h z ; ; hid , hi,

Cd = 1.19 AH1r l JS"
n

~ ( 1.~9,,) (24 f\,1)(1.5 f1.)2/:1Ju.ooon
().O,~.j

_ 35.9 fl3jsec (:36 tt3 jfRc)

The answer is (A).

206. Sta.tement TIT is fa.lse. Dctcntion basins in the
]O\....er parl of a river basin are most effect.ive in reducing
the flood crest of a dov,'11stream-moving storm.

Statements L 11, and tV are true.

The answer is (B).

PROFESSIONAL PUBLICATIONS, INC.

The discharge static head is

ftz,J = 160 ft - 90 It

= 70 ft.

The suction static head at low level is

hz • = 100 ft - 90 ft 10 ft.

The talal d.vnamic head at ))00 gpm is

h" = 70 It - 10 ft. + 1.24 ft + 0.2:3 ft

= 61.47 ft [low level]
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The tot.al dynamic heads for other 80....'S are given in U1e
(ollllWing t.able.

pump totll-I system head ~11'li;em head
How dynamic Lead at head at
rate hea.d low levd high level

(KjHII ) (ft) (ft) (ft )

500 96 61.47 41.47
1000 88 6:1.28 45.28
1500 70 71.17 51.17
2000 GO 79.02 ))9.02
2500 36 88.75 68.75

H=It-2.5ft

G'JA.-J2gh = jC,bfl!1(h - 2.5 IL):l/2

(0.72) (~(\rt)2) .j2gh ~ G) (0.62)(4 ft)A

x (h ·2.5 ftY.I/:l

(h 2.5 ftp/2 = 2.924

Solve by iterll.tioll or a calculator solver funct.ioll.

I, ~ 3.22 ft (3.2 r,)

Plot the flow ratoe ngltiru;t t.he pump aud syst.ern head::;.
The an$Wff is Ie).

pump head

(
180 gal )Q,,,. = (9000 cfl.pitl1)

(:l1pitl1-day

X(1.8)( Iday )
1440 min

= 2025 gprn

U is the per capita daily lkmand, l' is the population,
and.M is the rl(~trlll.Ild mult.iplier.

210. The maximum dail)' dmwUld fue residential!
coll1lllercial use il'l

30002500

system head.
high level

system head,
low level

1000 1500 2000

Oow(gpm)

500

100

90

- 80
E
~ 70•• 60~

50

40

30
0

'1'11<: pump operating points are 1650 gpm at. 72 ft and
WOO gpill at (j(J ft.

The answer is (D).

'Ill<: lire demand for essential !';Cfvice /Structures is

208. Statement 11 is faJse. 'fhis f.onditiull would only
be true if the Bows in pip(~ 3 and 7 were 7,t:ro. Statement
III i:-l false. The pres.O;llfe head at node 2 will be the same
ll.'l the water surface dey,ltion of 100 ft. Statement Tis
t.rn<:. Statement. rv b true, because U1e algebraic fiUlll

of the energy 10l'>."i1~ around any loop mtl~t be zero.

The answer is (e).

209. The lJip€ protmrlcs into lhe retention pond by
two pipe diarneler!\. which approximates a n:cutr$nt
tube with a coefficient IIf discharge. Cd, of 0.72. The
dhschargc from t·he piVC is

The Oow over the :-lpilh....ay is

Sel t.he flow from the pipe equal to the flow from the
~pil1wa,r. l\lld solve for the lw.ad.

:"lote that the fire How formula ih cU1piricai and not.
dimensionally eot1:-l,btcnt. For tOile 1, P is 0.8 for ch\::l::l
4. The ~one 1 fire demfl.ud is

Qurc = (18)(O.,s)J:.w,OOO ft 2

= 2036 gym

ROlUlding to f.he llcan.-st 250 gpm. the fin' dcrmUlJ is
WOO gpm. Check that the fire flow is between 500 Kpm
IUId 6000 gpm for class 3. 4, 5. aud 6 structures. Jt is,
so use 200U gpm. Foe zone 2, F is 0.6 [or class I). The
roue 2 fire demll.lul. L"

Q,,, ~ (18)(0.6)"',>0,500 ft2

= 2427 grm

Rounding to the nearest 250 !Q>III, the fire d(~mlLlld i:-l
2500 gpm. Check that the fire flow is bet.ween 500 gpm
aud GooO gpm for da.s.'i 3, ,1, 5, and U structures. It b,
."10 use 2500 gpm. For zone 3, F is 0.8 for da.'\S 3. The
zone 3 fire demand is

Q,,, ~ (18)(0.8)"'40,800 ft'

= 2!J08 gplll

P'IOFESSIONAL PUBLICATIONS, INC.
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1.8,1 it + 1.91 ft
2

(S.4 ft)coo45°
2

(5,2 fi)(O,707)
2

14.79 ~ + l3.72 ~
_ --,~"'~'~'-c,,---'~"'~'c

22
= 14.2{j ft/sc':C

H. = dcos45'"
2

= 1.84 rt

d I:tlS 45°
R2 =

2
= 1.91 ft

il..
vn

= HI + R2

2
= l.88 ft

= 8.32 ft

ft3

Q 400-
v --- "'"

2 - A2 - (5.'1 ftF

= 13.72 ft/sec

, (13.i2 ~)'
\' sec

£2 = D"l + 2.: = 5.4 ft + (' . ft. )
(2) .12,2-,

...~

(
f1, )'

14.7!l sec
= 5.2 fto + --',_.o::''i-,

(2) (322 ;")

= 8.60 ft

The aVl::rflge hydraulic radius b<:tween D t /llid D 2 is

The average velocity bctWf'€ll D 1 Imrl D2 is

The hydraulic radiw:i 3t D 2 is

Thp energy hCM a.t. D2 is

Compute LIw energy head for ellch 0.2 ft ""'Itt!'l" depth
increment. Thc velocity for a water rlepth of D"l = 5.'1
ft is

The hydraulic radius at the control slructnre is

The energy hPM at the control stmcture is

ft:'!
v- Q _ 400;;;

1 - At - (5.2 ft):?

~ 14,79 ft./"'"

demand
maximum daily demand (gpm)

type zone 1 zone 2 zone 3

residential/
collUllcreial 2025 2025 2025

indlISt.rial 80 8(1 80
fire 2000 250(1 :lOOO-
IIl~1J(iml1111 410.') ·1605 5105

Since thp normal dept.h d()($ not equal the actual depth,
t.he flow i& 1101.. uniform. The ,'elocity at the oontrol
structure is

Tlu~ maximuJII demand for a.U ll.<>eS is 40nc 3 with 5105
gplll. The required delivery capability that lx-_'it meets
this demand is 5100 gpm.

The answer Is (O).

Prom Ute ?I.·lanning equation, t.he normal dept.h hi

The hyuraulit: radius is

211. The ~bnnil1gcoefficient for a concrete chanuel is
0.013. Tlw area of the (:hunnel sectioll j~

d COH 4.50

R~-­
2

= O.353d

PROFESSIONAL puaLICATIONS, INC.

Rounding to the nearest 250 gpm. the fire dl!mand is
3000 gplll. Check that tlll: fire flow is bet.ween 500 and
6000 gpm for class 3, 4, 5, and 6 structures. It is, so
use 3000 gpm. The flre demand based OIl Htrnct.ure sep­
Are.tions for zone I (25 ft separation) is lOOn gpm. The
flre demuml hMed on ::ItruetUTe separations for Wile 2
(40 rt separation) is 750 ","pm. The fire demand based
on structure separations for zone 3 (120 ft separation)
is 500 gpm. The controlling fire demand will be the
demand fur o.."icntiallServicc structures. The m.ax.imum
f1aily demaU(ls l;lXe given ill the foHowing tahle.

Q = 1.49 AR2/:{ v/5'"
n

3
400 ~ = 1.4Q..d2(o.a53d)"l/3 Vo.003

sec 0.013
d=6.17ft

150 CIVIL PE S .... PL •• X .... IN .. TION
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•

The average slope of diC energy grade line is

S _ ( nv". )'
on." - L49~~

(O.OI3.~ (14.26 ~) 1

(L49)(1.88 £1)'/'

~ 0.00667

The length bPt.wecn D1 and D'J is

L = E1 - £2 = 8.60 ft. - _~:~32;;;rtc,;
81 So 0.00667 0.003

= 76.3 ft

The I'emaiuing computations are given in the accompfl.­
nying table.

The depth a.t. the hi~hway crossing, a.t .... distance of ~,15

ft upstrea.m from the control structure, is 6.0 ft.

The answer is (C).

212. The net positive suction 11I~1 available is

NPSHA = hum + ha( ... ) - h/{~) - hvp

ThP, at,mo.~phcric preslJure at 5000 ft altitude is 12 pl;i.
The atmOt;phcric head is

( (bf) ( in')
p 12 ~ 111 ft2

ha~m = 7 -"-.- - Ihf
62.4 ftJ

= 2-7.7 ft

The W\P<)f pre&"lure of water at gO°F i~ 1.62 ft. The
friction loss in the suction piping: is 3.0 ft. The NPSHA

"

NPSHA ~ 1.:l"PSHR

~ (1.3)(10.3 ft)

~ 13.39 fl

The elevation diffcren<.'C is

hz(.~} = WSHA - h...hn +hf(l/) + h~l'

= 13.39 ft" - 27.7 ft + ;J.G ft + I .62 It.

~ -9.09 rt (-0.0 £I)

The pump centerlint~ must. he 110 more thml !) It a.bove
the watt-'T k'VeJ in HIl; pit

The answer is (8).

213. For a triangular cllallUd, the urea is

The velocit.y is

V -"" Q
A

Since A = d:l.,

ft.~

Q 200-
v'-- soc:_. ,p - (3.2 ft)'

= 19.53 ft/scc

The hydraulic depth, Dh. i~ the ratio of the area ill flow
to the width of l.he channp,1 at. r.hp, fluid !'-Imacc. Since
A = dz and the width for ~\ 90° intenml ;wl{1e is U,

d' (3.2 ft)'
Dh ~ 2d ~ (2)(3.2 Il)

= 1.6 ft,

Tohle for Solution 211
a\'cn~c

hydraulic avp.r~c hydraulic a\'Crage Chilllb'e ill cumulative
depth, velocity, head, flDcrgy, radius, velocity. ractin,;, slope, ('UCI"K\-', leugt.h, length,

0 v v2 /29 E R V"V" H""t: S.~ t:.E T. Leu'"
(rt) (rt(>ec) (rt) (fl) (ft.) (ft(...~) (fl) (ftIfl) (ft ) (It) (ft.)

5.2 14.79 3.40 8.60 1.84 11
14.26 1.88 0.00667 0.28 76.3

5.4 L3.72 2.92 8.32 un 76
13.24 1.95 0.0054S 0.19 78

5.6 L2.76 2.53 8.13 1.98 154
12.33 2.02 0.00451 O.U 86

0.8 11.89 2.20 8.00 2.05 240
11.5U 2.09 O.OO37ti 0.08 lOti

(j.n 11.11 1.92 7.92 2.12 34(i

PROFESSIONAL PUaLICATIONS, INC.
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Tlw Froude number i.'l

(322 ,,~,,) (1.6 It)

.:::. 2.72

The Froude number is greater thun 1, so the flow is
supercriticaJ.

The answer is (C).

214. The area of the rect.angular chaUllCl is

~ d.(9 It)

The hydraulic radius is

H=A ... dw
P 2d+w
d,(9 ttl- 2d1 +91't

TLe llonnal depth is

Q = L.49.4.R2 j:lJ'S
n

ft.:! (I 49)530 - ~ -'- (9 et)d,
Sl."C 0.0]

X ( d1(Y ft) )2/3JO.OO4
2d l +9ft

d1 = 3.84 ft

The downstream depth is

d, ~ ~ (Vi + 8(Fr)' - I)
d, 2

d, ~ C8
: It) ( ";1 + (8)(1.379)' - 1)

>:: 5.81 n.

The uowns1.rE,!!l,m flow is snbCl'ilicw.

The energy 10&" is

D.E = (d2 - dd3

4d)d'l

(5.81 £t - 3.84 It)"
(4)(3.84 f,)(o.8! It)

~ 0.086 It (9.09 It)

The answer is (A).

215. The Average dllicLmrge frOlll the tank is

. ~i 6.66 f1. 3
~r"v~ = _ = _

{, 2 s~c.

= 3..33 ft 3 /sec

The peak dbll:hnrge from the tank is

Vpeak = (3.33 n:l) (150~)
sec 100%

= I) ft3 jsec

The area. uf t.he throat is

-4 = ,:D2 = 10(6 in)2 (1~ ~J 2
. 4 4

= 0.196 ft 2

The density of mercury is 848.6 Ihm/ft~l. Tlw d(msity of
water at. 50cF is 62.4J Ibm/ft3. The flow coe!iie.ilmt is

C
f
~ . A 2g(p", - p.,)h

Vpw p",

The npstream velocity is

1t3
Q 530-

v __ - ,;ec
1 - A - (9 tt)(3.84 It)

~ 15.34 ftjSCl.:

The Froucle Humber for a. rect.aJlgular channel is

v
Fr=--.;;;a;

ft.
15.34_ sec

{(!;.2 :2) (3.84 ft)

~ 1.379

x

0.1% fl.:!
fl'

5­
sec

( rt)( lhm(2) 32.2 3('(:2 848.6 ft3 - (i2.41

X(gill)(lft)
12 III

Ibm
62.'l1 ft3

Ihm)
It'

The fwude nUlllber is greater than 1; therefore. the
80w L'l ~mpercrjUcal.

PROFESSIOMAL PU.LICATIO .... INC.

~ 0.911 (9.91)

The answer 16 (e).
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216. The friclion loss in the pipe i:> The revised Reynolds number is

Re = (1.908 x 106

= 3.969 X 106

, )ill

Suln;titllte t.he given head loss of 1.5 m/km and the pipe
dimensions into the friclion loss equation. From a ~.foody diagram,

, .((I kill) (1000 ~)) ( v,)
L)IIl=j ( ill)

2.5 III (2) 9.81 s2

fv 2 - 0.07:158
---cc

/
0.07358 m2

v ~ Y f [II

f = 0.0175

This friction factor matches closely
used in the second trial. Therefore,

v = 2.08 IlljS

the friction factor

~D'
Q=vA=v-­

1

~ ·(2.08 m) 1T (2.5 m)Z
s 4

= 10.2 m3/s (10 m:Jjs)

The answer is (A).

The discharge is

1.2 X 10-3 m

D 2.5 m
= O.OU048

kinematic viscosity of water IS 1.31 x

plpe, ( = 1.2 x 10-:-1 m. The relativeFor concrete
roughness is

At 10°C, the
1O-~ m:.! Is.

The Reynolds number is

Dv (2.5 m)v
Re = - ~ -------.- =~o

II m2

1.31 x 10-0 ­ ,
[II]

Solve b.y ilemt.ion hy suhstituting an initial e:>timate of
J = 0.02 int.o Eq. 1.

217. From Ii. diagram of hydrauli(: clements of circular
sections for a Manning rougJmcss constant of n = 0.012,
the optimum discharge oceurs with the depth of fiow-to­
diamcter ratio, I1jD, of 0.93. At this ratio, the discharge
ratio is

Q = 1.075
Qf

From a 1100dy diagram, the friction factor is

v2 = 0.07358 m 2

0.02
v = 1.918 mls

Substituting jnto Eq. TT,

Re = (1.90S x 106

= 3.66 x 106

') (1.918 ill)
111 s

The optimum depth is 0.93 of the diamet.er of t.he pipe.
\Vhen critical velocity occurs at optimum depth, the
discha.rge is a maximum for the available energy. Op­
timum discharge is. therefore, ohtained by making Hw
critical depth the same as the optimum depth. For a 24

in pipe, the critical depth is

de = O.93D

(
1ft )= (0.93)(24 in) .

12 1Il

= 1.86 ft

From the hydraulic elements diagram [or d/D = 0.93,

v=

Perform a second
using Eq. 1.

trial with a friction factor of 0.017,

0.073 58 m2

0.017
c--7 2.080 mjs

A
-1 = 0.96
, f

R
- = 1.17
Rf

PROFESSIONAL PUBLICATIONS, INC.
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The nrea i.'I The depth of Bow at the vt:na controcta (jet) is given by

1 ~ ( ..).(2., in)' ( 1 ft )'
~ U% 4 12iu

= ;j.U2 ft:l

H, ~",a ~ (0.fi24)(2 ft)

= 1.248 it

The £1111 hydraulic mdins is

R Arlln:r rfl
full = P

rull
= 41tn

D
·1
2 ft.

4

= 0.5 ft

The \'elocity is

( It')Q 49.27 ~
v= - =

A (1.248 fi)(2 fi)

~ 19.74 hI"'" (20 fi/'''')

The answer is (0).

The hydraulic rauiuil at critical depth is

The critknl ~Iopc CiLlI he [ollnd from the Manning equa­
liun.

~ ~1.l7
R.f"l1

11 _ (0.5 f<)(1.17)

- 0.585 ft

fj = 1.0 X ~O-5
psI

( Ihm)
~ (0.80) 62.37 fl"

= 49.90 Ibm{ft3

The hulk modulu.'1 it! the reciprocal of compressibility.
llud fur gasoline it is

219. The dCIL'lity of water at ()OOF is 62.;~7 lbmJft3.
TIlt) density of Kasoline ill

The compres~ibilityof !/;a.<;oline at fiO°F is

,
, ( qn )'

5 = ~4S6/1.H2/J

(:lO :) (0.012)

~(1-.48=6)"'(3C-.0='2'Cfl ')(0.!;85 ill'!'

,

~ 0.013 ft/ll

The answer is (B). 1;lS1

= 1 x 10'~ I~i

218. The total upstrellJI1 head is

, (10 ~)'
vo . sec

1I0 =hu + zg =6ft.+ ( f<)
(2) 32.2---,

""

Till' effective bulk modulus of dasticity of t.b(l pipe a.mJ
the gu.'IOlioe is

E = E"""tp;p"Epip~
tpipcE'plpe + Dl'ipeEp

- (2 fl)(2 ft)(0.603)

..,." 7.55 rt

The dbcharge iii

(
.? fl)(2) 32.- "",'

(
755 II )

x J7.55 fl + (0.621)(2 It)
= -19.27 ft3/~.

( 1 x 10' Ibf) (0.25 in) ( 1 ft )
Ill:? 12 m

x (WX106 :b~)
m

- ----T-;"'---,-'''--'---,'''-
(0.25 in) ( 1 II ) (29 x10' Ih.~)

12 m m~

+ (8 in) ( Ill) (I x 10' Ihf)
12 m m'2

= 90.06 X 103 lbf/in2

PROFESSIONAL PUBLICATIONS. INC.
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= 1.676 sec

Check that the closure is rapid for full developmC'nt of
the pres.~ure surge. The maximum lime for the pressure
wave to return is

station C adjocclll 10 stalioIlS

annual cumulative annu"l cllmlllativl\

pr...cipitatioll pwcipilation pr""ipitati'H! precipitation

y...ar (in) (ill) (in) (in)
,._~.,_._--

Hl.'){J 0 0

HI-51 2:;.0 2f,.(} :w.o 30.0

1952 24.6 ·19.0 .11.2 61.2

1953 26.3 75.9 29.7 009

1954 2:;.7 101.6 30",~ 121.4

195:; 24.3 125.9 28.7 150.1

19,~fi 2,~.\l 151.8 31.3 181.4

1957 27,3 179.1 30.6 212.0

1958 24,5 203.0 29.9 241.9

1%9 23,9 227.5 29.8 271.7

1%0 22,5 250.0 28.3 :JO(J.O

1961 30.0 280.0 20.n 320.0

1962 .11.2 :311.2 21.2 :\11.2

196.1 29.8 341.0 19.9 :{(i 1.1,_ .10..'; 371.5 20.5 :18Ui

1965 28.,,) 400.0 lilA 100,0

221. l'se a double-mass analysis tu te::;t the cumiibtcn­
cy of the record at station C ,,,,it-h the gnmp of sllrronnd­
ing stations. Plot the acculllulated annual precipitation
of station C against the concurrent an:uIllulated annual
precipitation of the surrounding stations as shown in the
following table and graph.

(2)(2'00 ft)
ft

2983

(
ftlbm) ( in')

32.2 lbI-sec2 144 fr. 2

a

2L

(
Ibm) ( It ) ( ft)·-19.90 - 2893 - 10 -
ft3 sec sec

t=

Yc

pat::.v

The valve doscs before the wave returns. so the maxi­
mum pressure of 311.3 lbf/in:'! (:no psi) is develupcd.

The answer is (D).

The pressure increase is

= 311.3 lbf/in2

2i:m;j ft/sPf:

~ 27.29 It (27 ft)

220. Sincc depth and velocity are inversely propor­
tional, the velocity can be scaled down from the point
of minimum depth.

500

500

0
0 400••
"--.- 0
~.-

~u 300
" 0
~o
~ .-.--" 200,,", "
EJ>,
u 100u

"

accumulated precipitation
for 10 stations (in)

The curve connects points that represent. t.he data years.
There is a. significant break in the slope of the aCCUlllU­
lated precipitation after 1960 at stalion C compared to
the 10 stations. The data from station C cannot he
used to charact.erille the storIll withuut adjustm,~nt.

(
ft )'(2) 55.35 sec (4.57 ft) (4.57 ft)2

- -+---
32.2 ft 4

spc2

+

(62 s:) (4.0g ft) = vl(4.57 ft)

V1 = 55.3.'; ft/sec

The depths immediat.ely before and after a hydraulic
jump are the conjugate depths, d1 and d2 • One can be
calculated from the other.

fif' ,d
2

=_d1 +_ 2v1d1 +d1

2 .Q 4

4.57 rt
2
,------c,------

The answer is (D). The answer is (8).

PROFESSIONAL PUBLICATIONS, INC.
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km
260·-

1+--"­
lOO

B ~ (0.0027)

224. The Doorcnbos and Pruit.t. VliJX>I' t,ransVOrt t;oef­

ficie1'lt is

= 0.009 72 mIll/d·Pa

B = 0.0027 (I + l~)

u· is the 24 Itr wind run in km(d.

223. Statement 11 is false. Thl: t.ime of ooncenl.tatioll
is lIUt. IISed t.o ron"tntct a unit hydrograph.

St.at(~ment V ~ false. The rat.iOllal met,hod is 1I0t l~
for Jnrations of .'it.onns lhat fl.re multiples of the storm
dlU'Ut.iOll for which a unit hydrograph is available.

Stilt,cments I, Ill, and IV are true.

The answer i!J (8).

station B
station n

40.5 in--
50,~ ill

-~- 0.805

32.8 in
50.~ ill

= O.GS2

station C 60.7 ill-slation D 50.3 in
= 1.207

st.ation A
station D

222. The normal tlUlIua! procipiL6tiun of stattoll D rel­
ative to !)t.a-t.ions A: B, lmd C is

The norlHal anoual pr<x:ipit<ltion of stat-ion D, which j.<.;

misfling a value for Storm Alpha precijJitation, va-ries by
more thau 10% from the other 5ta.tiolls. Thf' nOl'mal­
rutio met.hod, whil:h a.pplies if the preeipitation diffE'.r­
encc het.ween locations is more tlHUl LO%, call he used to
c:,'"{.unate WIC unk....lOwLl jlIl:<:ipitation at station D. The
mi....'iing Storm Alpha precipitation is

!,

-(0

•
P_~((N<)1' (N<)/> (N)) 1'.)
x- 3 :"Ii" A+ NB B+ Ne C

(
50.3 ~u) (:1.20 in)
40.5 In

(
,,0.3 In) (2.70 In)

+ 32.8 in

(
50.3 in) (. .)+ 60 7 . 3.90 III. m

= 3.78 in

The saturated vapor preSSilll' of water yapor over liq­
uid \\."atcr at. 20°C, C"5> is 2.338 kPa, or 2338 Fa. The
relative humidity, R", is ;-10%, or 0.:«1.

~ (0.30)(23.18 Pal

= 701A Pa

The evaJXlration rate from aerodynamic vapor traI1S­

port is

The an::mg(~ precipilatioll over t.he wuh~rshed is

I
, _ P,.,A... .i fhAl;l + PeAr: + PuAu
,wg -

AA + An + Au + An
(3.20 in) (2000 uc)

+ (2.70 in) (2::'00 ac)

+ (3.90 in) (2800 ,.,)

+ (3.78 in) (2400 ac:)
2000c'.C:c-'+'2"'5"00;:'ac. + 2800 ac + 2'f40",0C:"'C:,

= 3.41 in

Ell = B(c_·· e,,)

( mm)= 0.00972 Pa.d (23~8 P(l. - 701.4 Pa)

= 15.91 mmjd

The lat-€lIt beat of vaporo.atioll k;

I" = 2500 - 2.36T

~ 2500 - (2.36)(20°C)

= 2452.8 k.l/~

,
i,
I
I

The rainfall intensity i~

The density of watr:r at 2{)CC i:; 998.23 kgjm'~.

evaporation l'ale from radiation is
The

l = P,wg = (3.41 in) ( min)
t

-_. 60,
~ I llllll nr

= ~.5g in/ltr

From lilt: given int.ell:iity-duratiou·fJ·t,quency curve, the
ret.urn fn:qllency is 1lI0000t nearly 50 yr.

The answer is (0).

E,~ R.
l"p,,,

(250~) (10'~) (86400 il)
- (24528 :~) (um :'J) (99823 ~~)
= 8.82 mm/d

P"OFISSIONAL PUBLICATIONS. INC.
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The c"aputfauspical.ion for t,hc rt'fcl"l'uce crop is the
sum of tht' radiat.jon e"aporCl-tion mt<~, multiplied by its
weight.iuK faewr, and the vapm trausport evaporation
call), llluitiplied by its ","ei~ht.ing fill.wr.

(J. ,
.. ' _ r..' L'
....~t -, r..... ...--L.

J.+') ,u""'7

_(HUH) (= (O.t) 8.82 d + (0.3) 15.91

= 10.95 mm/rl

The evapotranspirat.ion for thl' alfalfa is

( 111m)
~ (O.RO)(O.35) lU.95 .... )

(

= :~.07 IJllujd (3 mm/d)

The 8nswer is (B).

225. The cuwuJalive illfilt,mtion dl:pth is

TIj(' '·ulllLllali...e infiltrat.ion dt'pth i:i II. rlwc~ion of the
:>oil :mdion por.cmial and thfl hydraulic coududi\'ily.
Thf' sorptivity is

F 2 ill
S - - - ""~~~::i'- Vi - (~O min)(l hI)

60 min

-- ;1.464 in/ v'hf

F ~sJi+ Kt

~ (3404;~) (vThr)+ (1 :) (I hr)

= 4.46 in ('1.0 in)

The answer is (B).

The probabilil.\i IS

'"p = ..-;-';--,,-
NIl yr

m i~ t.he ()rrlcr Dllmber, and N 1.-; till' number of :,-'~rs.

p ~ = m-'--;-_
lOyr+lyr

'"
.II yr

The eak.ulalions for lhe () min slid 20 min durat.ion$ })o\"C
gi ....en ill the followillg wble.

5 mill dnmt.ioll

order
depth intensity lnmllll.:r,
(em) {em/h) rn probability

I., 22.8 I 0.£19
1.8 21.6 2 0.18
1.5 18.0 3 0.27
1.3 15.6 • 0.36
1.2- 14.4 5 0.45
1.2 14.4 6 0 ..'),",
1.0 12.0 7 0.64
O.~ 10.8 i\ 0.73
0.8 9.6 9 0.82
0.7 8.4 10 0.91

20 mill duratiOn

order
depth intenliity number,
(em) (em/h) m probability

3.2 0.6 1 0,09
;U 9,3 2 0.1 S
2.9 8.7 3 0.17
2.8 8.'1 4 0.36
2.6 7.8 5 0.45
2.5 7.5 6 (J.~5

2.4 -? 7 0.64L_

2.-1 -? 8 0.73L_

2.;1 6.9 ~ 0.82
2.1 6.;~ 10 0.91

226. lktermine the iutcu..<o;ity of jJrt~6lJitation for each
subduration and arra.II~l' tlU;!1ll in df'fi~llliing order. The
iutC'nsity for the 1.9 em miufiUl dejJtL for 5 min dum.­
t.ion is

I ~ ('_.9 "On)
oJ Illlll

= 22.8 em/h

(
GO min)

11.

Detennim' the pmbability of the 2-)'[ Ulld LD-yr return
period.

p~~
T

1
j)2-VT = -2 = 0.5

- yr
I

P lO•yr = = O,l
10 yI

PROFESSIONAL puaLICATIONS, INC.
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Thl'l int-l..'Il::lity fOT t.he 2-yT (1'1-)'r = 0.5) return pE:'riOtI

for the fl min subduratioll is found by iuterpolation in
the table.

em (. em ClU) ( U.5 - 0.4:1 )
:t = 14.4 .- - U.4 - 14"'1 -

h h h 0.55 - 0.41)

= iLl ew/h

The percent inere~ it'

(:m em

(

13.91 h-9,90 h)
x 100% = 40.8%

9.90 ern
h

The answer is (O).

(40%)

TIn: iJlt('.n.sit.~ for the 100yT (PIO-YT = 0.1) relu1"LI Iwriod
for the 5 min $ubJumtion is fouud by int-erpolatioll.

227. Sbl:ct flow dept.h awl unit. v.idt.h arc shown in the
followiIJ¥, illustration.

em (em eHl):/: . 22.13 h -, 22.13 h - 21.6 h

= 22.67 em/h

(
D.1 - 0.09 )-" ,.-

0.18 - 0.09

The illt.l~nsit.Y fur the '1.4 )'1' (J~1-,'T -. 0.5) return fWTiotl

fur l,lw 20 min subdllTat.ion is fuund h~' int.erpolation.

ern (~ em _ .,. CUI) ( 0.5 - 0.45 ):1'=7.x-- i.8- -i.,)-
- 11 h h 0.55 - 0.4;3

= 7.65 <:11l/h

The inLclls:ity for the 10-yr (Pm-)'T = 0.1) return period
for tlll~ 2tlmin >3'ubdnmtion is fOllnd by interpolation.

,._ elll _ ( •. CHI _ n 3'.0) (0.1- 0.00)
,r; 9.6 ..6 :J .•

11 h JI 0.18 - O.OU

The int.cm.,;ty is

( in) ( 1 ft ) ( h, )
i = 1.::\ hr 12 in 3600 sec

= 30 X to-G rt/sc!:

The slopE' luW-e () is

0= tall- 1Sa = lOJ!-l 0.06

= 3.130

The kinematic visco.,u!'y a.t (j()"F is 1.217 x 10-'" ff.! /sc:c.
The di::lchmge per unit width i,>

TlH' illtp.llsiLic~ for the rcqllir<~rl return jJt:riorls for each
sulKlnration ;l.rc gi\'{"n in t.Ile follo\\·;ng tabk.

2-yr rE:'lurn
itltensity

SUhrll.ll'l:l~iull (em/b)

100;yr ret.uru
intensity
(etu/b)

qa = o:y

= (i - f)T,ocvsO

~ (30 x 10 6~ -0) (1[10 ft)oos3A3"
sec

- A ~ 10-' f ,/. ft- 'I.,) X Y, sec·

Fbr 1\ 15 mill sturm, 1.Ilt' 2-yr int.ensilY fur t.he 2-yr
periorl is

[i miu
20 milt

]4..1
7.lj[i

22.67
9.57 For shcet flow with nnil width. t.he hydraulic radius is

R=A=tllY
P w

~y

em ( CIU
:r = 14.40 - - 14.4 - - 7.{l5

It It

(
15 miu - 5 min)x . -
20 mill .) min

= !)}IO t'mjh

Fllr the l()...yf fPtnm period.

'" = ')2 67 em _ (2'> G- cln -9 '7 nll)1. _. ..' I ••)
h h h

x (Hi min - [I min)
20 mil'l - 5 min

= 13.94 clHjll

PROFESSIONAL PUBLICATIONS. INC.

The Reynolds l111mbet' is

Dpv 4flv
H.e=--~--

v v
4yo:

v
4q.

(
ft' )(4) -1.,') x 1O-~ ,

:-;ee·ft
- f' .-t

1.217 X 10-5 -
SIX

= 1479
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TIll' Rt:;\!llolds number is Ie!*! thall 2000. so the flow is
mminar. For lantinar How under rainfaU, the friction
fad.ol' mcrea5eS with rainfall inkn-;it,y according to the
following elluat.ions.

CL = 9ti + IOSio. 1

( . )'.<
= 96 + (108) 1.3 ~l~

'- 216

The fri<'t.ioll fadm' i:-;

f CI, 216
= Re = 1479
= O.14u

Tlw depth of shed flow is

y~(fq~)'"
8ySo

(
ft' )'(0.H6) 4.5 x 10-3 sec1i

(8) (32.2 ,:, ) (0.06)

= 0.00576 n.

The velocity lli

The answer Is (8).

228. The precipitation at. the proposed development
area is

p _. lfi_"PA + ~_%PB -l- d'f: _",Pc + dt :rPn
" 4 _% -+ 4_:>: -+ elL", + dfJ_%

(6.3 mil' (32 ~:) +(4.2 mi)' (46 :)

+(5.1mi)2 (2.9~) + (8.1 uti)"'>! (3.7 ~)

(6.3 miF -.- (4.2 mi}2 + (5.1 miF -+ (8.1 mi)2

-= 3.fi3 In/hr (3..5 in/hr)

The answer is (8).

229. At ~te-ady How. {·he discha.r&'"e Call be detenninNI
hy snlllIJling the flow ill each settioll of the channel and
Auud plain. ('Alnsider l·he seclions as parallel Hows with
nu wdtl.'l1 perimeter between the interface. From 1\ tao
Lie of ?launing roughness coefficients, the f:Of'lfidcnts
for~ sectiou are

channel U.025
w~t pilliu 0.035
eat>t plaiu 0.060

For tin: dllumel, tlll: lm.M is

~ (8 ft)(5U rt)

= 400 ft 2

Th(: wetted perimetl'r is

P"bnnncl = (d"hatlncl - d~t) + ll'channd

+ (u';ha.nnd - denstl

~ (8 ft - 2 fL) +&0 ft + (8 ft - I rt)

~ 63 ft

The hydraulic radius is

~ ....I 4UO ft 2

1lch.... ,,"'1 = = ~.~-
Po'h"n",,' ti3 ft

= 6.35 ft

The discharge is

For the west ttood plain, the a.rea. it;

A_. ~ (2 ~)(300 ft)

= 600 ft2

The wetted perimeler is

~2 ft+300 ft

- au2 ft

'l11e hydraulic radius is

600 ft2
Rw

..,.''''' .302Oft:
= U)fJ It

PROFESSIONAL PU8LICATlONS, INC.
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Th~ discharge is

( lAO) , )""1 2Q_=, ~ 0.' (600 ft )(1.09 n' 0,00
O. ,I.)

= 1807.~ ft3/ sec

Fur the east. flood pli1.in, the area i!l

A..., ~ (1 ft)(400 It)

= 400 ft2

The 'wetted perirnctt'r i"

J).,..~I :- dCaM + We"",.

....,1ft+100ft,

= 401 ft

The h,vdraulie rad.ius is

40U fl2
n.""" = 401 ft

= 0.99 ft

The discltarl{c is

( 1.40) ')( f )'1' / --)2Q~u.!t = 0.060 (400 ft O.!¥.) t vO.lX

= 441.3 ft3 IS('!(';

The tOlal flood flow is

QIUl..1 -- QchOl.onel + Qw....~ + QuSl

ft3 ft3 re
- 3656 - + 1807.3 - + 441.3 -

sec sec sec
= 5!:lO[i ft3/sec (60lXJ fL:l/sec)

The answer is (e).

230. A~ume St.()k~' l~w applies. Thl: setding velo<:­
iLy is

n2g(Plllltlid., - P_t.er)

LS/IYe

D2,q(S.C Pt"ticle - SGw..,~,c)
18v

(-1 x 10 -1. in)2 (32.2 :;:l)
x (2.6-'i -1)(3600 ~:)

(18) (1.6G4 X 10-5 :::) (12 ~)'l

= 0.71 ft/hr

PROF.SSIONAL PUBLICATIONS, INC.

Check th.a,t. the R.eyuoldR ll11m~r ~ less t.han 1.

Re = ",.D
v

( 0.71 !!:.) (4 x 10-4 in)
~_---''- h, ~ _

- ( , It') ( In) ( "''')U;61 x 10-') - 12 - 3600 ..__.
Sl~> ft 111'

= o.oom95

The Reynol& number is k......."i r.h;:lll 1, llO St.okes' law
app!i<..'S.

If a particle of I.he maximum duulletf'J" starts at the
wat.er surface, the time rt':qnired to settle out will be

ds 15ft
t" = --"'~It

0,71 ­
h,

= 21.1 hr (20 hr)

The answet" is (0).

23t. The dcdining-growth method of population pro­
ject,ion is

1'" is t,he base yol\.! populati(lI1, P, is the saturation JlOp­

u.lation, and !:it is the fuhue t.ime period in Yf'MS. The
futmc population il;

P = 100,000" (300,000 -- 100.000)(1 _~(-O.00M1(40))

::.:. 139..196

The current per Cttpita demand is triO gal/capita-day.
The perct'nt incr<:ase in population is

(
1:39,49U - 100,(~!O) x 100% = 39..59t

100,000

The future per (;lIpita water dl,!msud will he

DlIn;~ = (per capita demanJ)(d(:cimal incn:ll.'i(:)

~ (150 '''1~) (1110% + (01)(:m,5%))
cnpita-day 100%

= L55.9 gl~l/ca.pita-dIlY

The fll1:l1n' water demand will btl

Dlolal = (1:llpir.a)(D,mil)

( 'gal)= (139,496 capita) 155.9 . I
eaplt.lI'( a,Y

x ( I MG )
106 gal

~ 21.75 MGD (20 \IGDj

The answer is (A).
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232. CalculalE' lhe minimum reqnired design capacity
and (:ompare it t-O the rated (:apal'ity (or each unit pro­
L'-~. The maximulil daily design demand is

QmiU d,*' = l.f,Q,,~g t1 ...y (I.r;) (800 ~)

= IZOO Lis

QnH<X hou!" 2.0Qmax day = (2.0) (1200 ~)

=, 2400 L/'

The rakd capACity of the lIocCIIIil-tiou basin L'l

Q ~ (20.000 g.ti) (I min) (3.785 ~)
mm 60 s gal

~ 1577 L/s

The rakd capacity of the sedimcutahon basin L"

Q (
. " gal) ( Ih ) (1 min) (. _L)= 2 x 10 - ._-. --- 3.78<)-

h (jO mill 60 s ' gal

= 211).'3 Lis

The design Cllpadtie:s of t.he unit proc:l)SSCS are given ill
the {.able. The rated capacity of the fillE'ni L'l

T1I<,; rated capadLy of scn'1~ning is

dt'Sign criteria
design criteria (L/~)

-'------

Q = (300000 :3) (86~~:);) (WOO ~3)
~ 3472 Lis

Q = (70 n') (28.3 ~)
sec gal

~ 1981 Lis

Q ~ (50000 -'=-) (1 m;n)
lIun 60 s

= 83.1 LJs

( gal) ( L)(lmin)Q ~ 30,O(l() -. :l.7~G -I --
lIllll Kit 60 sec

= 1892 Lis

Q ~ (1001XJ "") ( Ih ) (l.min) (lOooL)
h 60 Hun (j0 S m 3

~ 2778 L/s

The rated capacity of the high Sf:rvicc pumps ifi

A compari.-;<lIl or design niteria to rab..'d capacities of
the unit prou~~ is giveu in t.he followi.ll.f; tahle.

The rated capacity or the chlorine oont.aet/dcar'oI.'ell is

The rated capll(:ity of the dflu(,:llt flow meter L"

1200

L'i x 2400 = 3600

'.5 >< 1200 = 1800

1.5 x 12Ol.1 = 1800

1.0 x 2400 = 240U

1.0 U!1L.ximmn
daily tlcllllilld

1.5 tml.Ximllm
hOllTly demand

1.25 IllI00mUm
honrly demand 1.25 x ~40U = 3000

1.5 maximum
honrly demand J.,I"l x 2·100 = 3600

1.25 maximum
daily demand 1.25>< 1:200 = 1500

1.25 umximllm
dl~il'y dpmand 1.2,') >< 1200 = 1500

1.5 maximum
daily dcmand

1.5 maximlllll
daily deUlluul

1.0 maximum
hourly demand

scrc('nmg

inHuellt flow
meter

flash mix

effluent tiow
lIlt:t~'r

cblorine
COllt~l.CtJ

c1earwell

high service
pumps

ftocfulation
basin

S(~limentat.ioll

ba::;in

filten;

The ratro C3padt.y of the i.uJlucut flow meter is

( m') ( 1h)(1 m;n) ( L)Q = 1-1400 - WOO -
h 60 min GO s m3

= ,1000 L/s

The rolled <:apadty of flash mix is

Q = (20 11GD) (10
6 ~;~) (3.78r; ~I) (86~~~ ~)

= 8"76 LJs

Jcsign raled
criteriA. capacity

unit proe("SS (L/s) (L/s) OK"

screenmg 30(J(1 3472 yc:-;
influcnt ftov: meter 3Goo 4000 )'l'S

flash m.ix 1500 876 no
flocculatioll basin 1S(JO 1577 yes
sedimentation basin 1800 2103 yes
filters l:.!lJO 833 DO
e1Hncllt flow metcr 3fiOO 2778 uo
chlorine L"OlltactJclearweli 1800 1981 yes
high StlVi(:c pumps 2400 1892 no

""O'.SSIONAL PU8LICATION5 1 'MC.
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TIle uuit proce&"o€S that. rC'qllITl' llpwading arc flash mix I

filters, emlll'llt flow meter, and high service pumps.

The answer is (0).

233. Fbr the first :subrlnration, lhe demand conSlunp­
tion is

D = (design dellluud rat-e)(subduration)

( "")~ 995000 d (7 d)

= 6965000 m3

The ev(~poration/seepagelobS is

L "",, (e\'aporatioIl/s~page rate)(n)S€rvoir a.rea)

(
1 '" ). ,( '" )'_(3U mm) -- (1 km) WOO-

LOOO lIllIl km

= 1200fJ0 m S

The inflow volume is

1= (aycrage innow l'ate)(sllhduration)

= (120LX10 1~3)(7d)

_. 8400lJO U1a

average evapmation/
inflow inflow seepa~e

subd.uration raloe volume rat.c
(d) (Mm3 /d) (~'''n3) (rum)

7 0.12U 0.840 3()

;)1) 0.150 ,1.500 120
60 U.I80 10.600 2&0

120 0.240 28.800 500
180 U.5f>O loo.8UO 780
365 1.800 657.000 WOO

evapor-
ation/ design design

subdur- secpage demand demand required
Mion volume rate volume st.orage
(d) (.\fm3 ) (r-.lm3 ) (Mm') ('1m')

7 0.120 0.995 6.965 6.245
:J() 0..180 0.990 29.700 25.680
r.o LutJ() 0.980 58.800 49.000

120 2,()OO 0.96U 115.200 88.400
1~0 3.120 11.940 169.200 71.520
361'1 GAUD 0.900 328.f:iOO -322.100

P~OFISSIONAL PUBLleATIONS, INC.

The. required ::.-torage volume ran bto dctermillOO from
a 1ll8SS balanc..: wh.h respect. to the reservoir. A vol­
ume hasis can be used becnH."C the density of waler is
e:>l>Cllf.ill.lly coustant, for thell.: oonrlitiolls. The requirl..,,(!
storage i.s the demand plus lo.'lHL'S minus t.he inflow. The
net stomgl' required for the 7 d :subduratioll i:s

~<:"=D+L-I

m J m3 m3
= 6965000 - + 120000 - . - 8·10000 -

rl d d
= 62,15000 m:\

Calc:ulat.ions for the other llubdurations are givCll in
the table. 'Hie largest ston..g(~ volume of f.he suLJdura­
tioUH analyze-:.\ is 88400000 m 3 (88 J\tm3) for the 120 d
:>ubrlnration, which will contain the smaller vohuue..'l of
other sllbdnratiollS.

The an&wer is (D).

234. Statemcuts I and IV are I,rue.

Statement II is false. Hydrolytic rcact.ions arc not. in­
volved with cationic polymers, lint such reactions are
involved w-ith anionic polymers.

Stal,~,ment111 is false. The pH is very important in most
cOligula.nt reactiolls.

Sf.atemeut V is false. The dete.Jltioll time oj in-lint' stat.ic
mixers Vllril..'S witb the Aow through the mixer.

The answer is (A).

235. The volume of wat.er treate<j is

V~Q'

~ (2 '~') (864(Xl ~) ('O(J{) ;,)
= In.8 x 106 Lid

The mass of alum sludge is

m ..lum = QC(dficiency)

= (172.8 X lOG ~) (12 rug alit <I~oS<~)

x (_I_kg ) (046 kg alum SIUdgp)
lOG mg . kg alum JOH()

x (0.96)

= 915.7 kg/J alum sludge

TIl(~ equivalent <xmcentraliou uf 1'SS remo\'\.'<.i is

.n.TSS = L\NTC1.:.!

= (5 NTC - 1 :"JTU)L2

= 5.28 mg/L



--_ .. --_._--------
" . _... ~.~O"_"~U~T ION. _ AFT ERN 0 0 N S E 5 S ION 163

The mass of TSS wUl(Jvmi is
nITS!; = qC(efficiuu(:y)

( , L) ( 1k. ) ( m g )= 172.8 x10 II lOti mg 5.28 L

x (0.96)

..::. 875.9 kg/d

The lIla.'>."'; of d<l.Y removed is

m ..ky = QC(ctficip.ncy)

~ (172.8 x 10' ~) C~,k,:g) (" ";,")
x (0.!16)

= '197.7 kg/ll

Till..' tum! Ill»........; of sludge generated folluwinj'; sedimen­
l.aliou i:s

11t,.1",1"" = fll:.oJum + nlTSS + fl1da,y

kg kg kg
= 915.7 d + 875.9 d + 4!H.7 d
~ 2289.3 kg/d (2300 kg/d)

The tot-H.] percem reuwved for a detent.iou time of
0.4 hI" h;

Rl = p(Jn:\~m, rerno\'al for det(~lltion t.ime

(
dt'Pth at. midPOint)+ . -

total depth

x (increment of percent removal)

. ~ ('i.<1 ft.) . ,. N= :lOr!. + -_. (:.Kho - 20/c)
10 It

( :1." ft) (~ .'... -- 40n; - 307(.)
111ft

(
2.8 it) (_)<;{ "+ 10 ft ;)( .It - 4(f/o)

I (~~ :~) (60% ""%)

+ C~~) (70%· 6OIf)

(
1.7 It.) (')l ~"+ Wft 8£h - 7\J/c)

= 39.170

depth
(It)

The difUnel.er is

Fur 75% removal, lhc rcqlli1'wl rlpt.enliOIl time is 1.:3 h1'
and t.he ()\,"()rflow rate (OrR) is 1:380 gal/day-fl ~ (scale...
up factor is 1.0).

The required o.n:a is

:19.1
52.5
&t7
7004
75.6
79.1

solid;,;
remov".li

eX)

4481::
2835
2071
Hil::3
1381
1146

0.'10
(1.();1

0.87
1.U7
Ull
l.57

Q
A ~ OFl\

1.5 x lOr; gal
_ • <Ia,)'

gal
1380.1 r 2

uay~ t

= 10R7 ft.:2

Calculat·iolls fur t.h~ ol.hel' remuvals and det.elltioll times
are gil/Cll ill the following tahle.

det.ention ov.rlIow
tim~ rate
(hr) (galjtlay_ft2 )

--"----"--"-

The dl'tention time in hours is

(
I he )t = (24 min) .

&lmm

= 0.40 hT

ProjL'<:t a lint) verticall.... froUl 21 mill. The point mirlwR)'
hetween 20% and 30% relUoval (25%) mrresponds to a
depth of 6.4 ft. i:iimilaely, the depths concspomlillg
to other relnoval percentages for 0.4 he dCWlltioll 1lW

shown in the followiug tuLlc.
solids removal

(%)

236. Use the set.l.liug C111""~ t,o determine l.he percent
l';olids H'moval for t.he <.Idl'ution time associated with t.h~

midpoint. hp.tv.-een the curn.$. The 20% removal curve
intcniI::cts. t.he x-ax.is at 2-'1 min.

Tbe overflow rat(O is.
V

o
= S(:ttlini! de!Jth

Sl'~ttling time

~ ( 10 ft ) (1440 min) (7.48 gal)
24 lUili day [t3

= 4r188 gl\l/r1ay_ft2

Theans~is (8).

25 6.4
35 3.8
15 2.8
55 2.4
65 2.0
75 1.7

D ~ /4.1
V "
,::..,..,~~

~ /(4)(lOll7 f")
V To

= 37.2 ft (:\7 ft)

~ROFI •• IONAL PU.LICATIONS, INC.
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9.Y9 ft (10 It)

. ( 1 '" ) ( W)(0.8)(0.40 Illltl) 0.0045 -
n(: ""'" . 1000 lI11n ., s

on-
1.371 X 10-0 -

s
= 1.05

fur the garm:t layer, the Reynolds Ilumher is

"'I) (1<1")( 1ft,')- 13hr ' -'-da.y (., ) 24 hr 7.48 gal
, ,., 1087ft2 ..

1'1.1(: f('f1uirt'd uepth is

QI
11 = -

A

(1.5 X 106

"": .

The answer;s (8). For a Reynolds Dumber greater tl.an 1 hut less than
10,000, the drag (:odficient is

The head loss ill the garnet layer is

(1.067)(100 nUll) ( 1 III )
]000 mm

( m)'x 0.0045 -, (26.12)(1)
hL ~ -----,----,---,,-,-'---- ----c-----c

(0.8) (9.81 I~~) (0.55)4(0.40 IlllU) ( 1 m )
S· I000 IllIll

= 0.1965 m (0.20 m)

237. Silll.;e cm:h layer i\i uniform, t.lte \\"<:ight. fra('l·iou
of ;>arh la.wf is I, ~nd all partides in the laYC'I have t-!w
same dialllcl.cr. The hend lOIi~; can be found from the
Hnsc: equ8Lion. Slim ~he head loss from the inoividual
layers to Glill trw totAl hea.d loss. The kinematir' viscos­
ityat 10"(' i::; 1.;,\71 X lO- ti mOlls. The approach velocil,v
i::; till.: filtrnt,ioll rate liS veJocit.y.

For the ::.and lay(:r, till" ~Yllulds number is

n <bdva
.~--

"

2,'
Cn = 1.05 -I

= 26.]2

3
"'" + 034

V 1.05

(0_8)(1.0 rom) (~m _) (0.004.5 n1)
_ .. --'~I~O<~J~) mm ., _ :>_._

111"
1.371 x JO 6 ­,

- 2.626

The total head loss is

L hI. = 0.14 m+ 0.20 m = 0.34 III

The answer;s (D).

l!SUl)l, tIJ(' Ofluation developed L.¥ T.n. C"mp to dl:::;cribe
drag 011 :-''PhNe8. For n R.eYllold'l number ;"'TCatcr than
1 Ollt I(~s I.han ]0.000, t.he drag (:odtiC'ient. lli

24 3
Cv = Fie + J& + 0.34

:.14 3.._- + " +O:-H
'1.626 ';2.620 .

- 11.33

USlnf; tlll' Hooe equat.ion for st.ratifh:d tw..-ls with uniform
porosi"Y. Ul<' head loss ill t.hl;' sand 1a)'(:1" is

(
l.oo7DV;) " Cuxh L ...." ~--

rPyft (f

238. The tot.al volume of ""'I\tl:r to be tlisinfected is

V ~ (1000 m') (1000 _Lc) (I 'JI')
mJ lOr. T.

= I :ML

The ma..';.'; of water to he treaterl is

m ..~, ~ (I'lL) (10" ~~L) (I ~~)

x (]~ ;g) (~o~~)
- I Gg

f) i;:; the dopt.h of weight, fraction, nud :r i::; the weight
traction or IJartid(~ (I (or uniform layer).

(1.0G'7)(2RO mm) Co~!:m)

x (O.rXH5 ~f (11.3.1)(1)

(,;-.8-)C'(9-8-1""'~)' (0.50)'(l.0 m,,,) ( 1 ill -)

s' 1000 mm

=().I;)!;l7m (0.140m)

'Tbe U111.'-;S of hypochlorite requinrl is

= (1 C~) (~.5 kg OCI ) (1 kF; l';Olution)
100 kg solutioll 0.71q1, OCI

x (I G,) (lO' JL) (1kg )
10' g Gg 1000 g

~ 7143 '" (7000 kg)

The answer is (D).

PROFI:S$IONAL PUBLICATIONS, INC.
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% )Wlllctioll =

239. StH.t,l'm(~nts J. [II, ami V me t.ruc.

St.utCIIICllt II i:.: fulst1. J::llforecUlcnt of Vl'inmry standards
by sta.tes is mandaLor)'.

St.atemcllt IV is falSI:. Tht1 .MeL for tUl"bidity lli 0.5
NTC ill a lJ1u:auJUlII of 5% of mouthly sampk-s.

St.at.ement. VI is fnlse. Mil:rohiologica} contaminaf.ion
shall not. exct>OO 5% positive ~alllpies.

The answer is (e).

240. The 100e;-log relatiousltip is

InF=n~lHL+k

F is the nux iu ~al/day-fi'l. 111 lli the slope of the lint·.
and k is the constant.. Solve for t,he slope.

In 24.2 - In 7.0
n) = cln'"W'---'ln'"W","OO;;;;O

~ -0.18

Check for Ule next increment.

In7.0 1116.2
II) ~ In 10,00-0.: c"-;'2"0".00=0

- -0.18

Solve for tbe COllstallL.

k = In7.0 + 0.181n 10,000

~ 3.00

'The ('qllat.inn is

lnF- ·O.J8Int-:HiO

At 2 )" flux is

( ( day) ( hr))InF=-O.llilu (2},) 365--'· 24 -
yr day

-I- 3.6{)

= 1.841

}' = (!I.MI - 6.30 galjft2.day

At. 3 yr. flux is

( ( dUY) ( h'))InF '"" -0.181n (3 )'r) 365 -' 24 -
yr day

+3.60
= l.i68

F = el.7t1d = 5.86 g::Jjft2.-day

TLIC pCl"t:t:ut rc:dudion is

~nl gal
li30 'l - 5.86 ~,'"'-

ft -day _ ft -day
~al6.30 ;--_.

ft ~ -Jay

X 100%

= G.!)8% (7%.)

The snswer is (B).

PIl;O'.SIIONAL PU8LICATIONS, INC.
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