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PREFACE

The purpose of this manual isgto
instruct and guide the menyin dircci ™
charge of one or more surveyypacwes
working in the field or ofhee”onghigh-
way survey and plan projéets. These
men are referred to giroughout the
manuai as Chiefs of Partya™ They
have direct respofsibility for the n-
struction and wdrk ef*the men under
their chargey,@s well aglcarrying out
eficiently gthé, assfnments given
them. (Thed manual outlines the
policy, methodsand requirements of
theState Hightvay Department to be
adhered t@)in the proper performance
ofy their durties. It is the intention of
thedDepartment to keep this manual
up to'date with amendments and the
dddition of new methods and regula-
tions as they become necessary.
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SECTION 1
GENERAL INSTRUCTIONS Chapter I, Page 1
CHAPTER I
PEESONNEL INSTRUCTIONS \

A Chief of Party must have, in dddition to ls
technical knowledge, a thorough understandudg of
all the general policies, instructionsgandirequire-
ments of the Stare Highway Department zelated
to his duties or position. [First among these 15what
the Department expects of hin in Bisygeneral at-
titude toward his work, his superyisors, men under
his supervision; and tow@td those with whom he
must cooperate. ~

He is expected o carrg out his duties and in-
structions thoroughly and comscientiously at all
times; to be loyalte the Départment and advance
its interestswherever, possible; to be willing to
perform dfities Bevondythe regular requirements
when such_béeome| hecessary; to keep his en-
gineefing knowledgé and technique up to date and
continually strive to make himself worthy of ad-
yaneement.,

Fis atitude toward his supervisors is expected
to he,courteous, receptive, willing, and coopera-
tive. | He should not hesitate to offer, at the proper
time/and place, information or suggestions helpful
tolthe solution of the problems at hand. Where
information is necded or where instructions do
not seem to apply he should not hesitate to re-
quest further information before proceeding.
When receiving instructions he must listen atten-
tively and he sure he understands thoroughly.
All priuted instructions relative to his work must
be read, understood and kept convenient for ref-
erence.
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Section 1--General Instructions Chapter I, Page 2

Toward the men under his supervision he should
be a courteous, helpful and instructive leader, set-
ting an example himself in the compliance with
regulations and performance of dutics. He should
instill in his men the same loyalty and conscien-
tious performance of duty that is expected of him.
He should look out for their interests and see that
they are treated fairly and without favoritismg
He should make sure that they are properlyfin-
structed in their duties at all times, givang such
instructions decisively, clearly, and making sufe
that they are understood. He is expectéd to main-
tain cfhciency; to prevent friction 4nd promote
cooperation among the membersof h’Q partyat
all times.

In the course of his duties it willdometimes be
necessary for him to confeff'work] and ¢ooperate
with men from other branchesgofithe Highway
Department; from other Staté Departments: with
contractors and their\ employees;gwith public of-
ficials and with the ‘general giiblic. In his rela-
tions with all #these; @ooperation for the best
mterests of the Staté mustybe kept uppermost in
his mind. _Alwayfs adhering to regulations and
structigns, the Umustdtactfully and with good
judgment strivehto bring about, if possible, the
desued results without injuring the good will of
thosehcongerned.

Espegial ‘care must be taken in relations with
the general public. A Chief of Party must realize
that all public employees such as he and the men
underghis supervision are under constant critical
scrutiny by many persons. They must therefore
take great care at all times not to allow any situa-
flons to arise or perform any acts that will create
wrong impressions or cast reflection upon the De-
partment.

During the course of the work, it will frequently
be necessary to seck information from individual
citizens concerning details necessary for a com-
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Section 1--General Instructions Chapter I, Page 3

plete survey. Such contacts will call for courtesy,

tact, and good judgment. Any attitude tending

O create an IMpPression of insistence or arrogance
. must be avorded.

[Men on highw ay surveys and construction fre-
quently undergo interrogation by private citizens
concerning the work being done or proposed. It
is therefore necessary for a Chief of Party te pres

. pare himself and the men under his supérvision
to give suitable answers., Instructions mustdbe
obtained from his supcrvisors concernmg the
information to be given out or withificld.")ln gen#

. cral, concerning the location or t¥pe of anyypro-
ject, 1t is best to state merejymthagsurveys and
studics are being made andfthat n® defidite dc-
cision has been reached, until she Gemmissioner
makes a defintte decisign andfit is public knowl-
edge. No private citjzen shalNBes@iven informa-
tion that s not amaifabléto che public at large.
Where informatien is intendeddto e public knowl-
edge and thergdsme reasofifto withhold anything,
inquiries sheitld be afiswered as completely as pos-
sible wrthout cadsing deiays, mterfercnce with the
work, or casifto the State. In all cases the in-
dividital“snaking _the inquiry should be treated

. with courtegy and respect, and where the re-
guested infonmation cannot be given, a tactful and
explandtonyfanswer should be made. Care must
betaken mot to make any statements or to give
any mmapressious that wilt start unfounded rumors.

. When such Tumors are heard they should be cor-
rected wherever possible.

It is often necessary to enter upon private
property far the purpose of making surveys.
Where such property is occupied; has special

. value; is a cultivated or enclosed estate; or is of
such nature that trespassing thereon is unusual
or objectionable, contact with the owner or care-
taker should be made and permission requested.
At the same time, the nature and reason for the
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Section 1—General Instructions Chapter I, Page 4

survey should be explained in a courteous and
tactful manner, stating that care will be taken
not to cause any unnecessary damage to the prop-
erty. If permission is refused, 1t should then be
explamed that the State can take legal steps to
prevent interference with necessary survey duties,
but that the State is reluctant to do this and
would rather have the voluntary cooperation of
the owner. That part of the law outlined in Sec-
tion 7, Chapter II, should be shown tdhe ofner
when he doubts the legality of entrancehto his
property. When he remains adamanggifi hijs, res
~fusal the Chief of Party must then gake up the
matter with his supervisors and themecessary legal
steps will be taken if enteringlthe cp\operty 18
essential to the survey. Oftén, héwever, such
property can be avoided, b§Ftnafigulation offset
lines, or other similar meéthods,whiehalthough
requiring more field work Will§ave time in the end.

When working on {private propérty, the Chief
of Party must mstrnct his mefigfe be particularly
careful to avoid™any property damage, such as
unnecessary cutting’ of trees, breaking fences,
tramping down \cidps, flowers and shrubs; failing
to close gatesy blocking driveways, or other un-
necessary actions, that will annoy owners or cause
damage.

The, normal sequired working hours of men in
the ficldyorfield offices are from 8 A M. to 5 P.M.
wath one hour for lunch. This means arriving at
the, field office or at the work to which they are
assigned at 8 A.M. and leaving such work at
5 P.M. Any modification of the normal workmg
hgurs shall be made only with the approval of
immediate supervisors or by Departmental orders.
It 1s the duty of the Chief of Party to make sure
that punctuality and attendance on the work are
strictly adhered to. He can best do this by set-
ting the proper example himself and requiring the
men under his supervision to follow it.
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Section 1-General Instructions Chapter II, Page 1

CHAPTER II
EQUIPMENT

A Chief of Party has in his charge equipment
necessary for the carrying out of his work. This
equipment is the property of the State but should
receive the same care that one would give to his
own personal property. The men using this equip
ment should be instructed and made to feel the\
necessity of giving it careful use andyproper cdre.

During times when no field work 15 pessible or
necessary, members of the party@who are net
needed for office work should be(given theytask -
of cleaning, repatring and adguseing equipment.
A supply of necessary repairl matcrialsyshonld al-
ways be on hand, such as tapefmending outfits,
pamt and brushes for z6ds, tags, oil/and rust re-
movers, screw driver§, chiselsshammers, screws
and such equipment ngeded for ordinary repairs.

Of special impestance is thegeare of the transits
and levels assignedito a sui¥ey party. The Chief
of Party sh@ifl bé résponsible for keeping these
instruments inggood Working condition. They
must be boxed carcfully cach time they are used,
makiflg sure theygdare not loose and will carry
without jarjer mjury. They must be carefully
handled in being placed in and out of cars and
sahplaced in'the car as to receive the minimum
amolnt of jar. They must be guarded from in-
jury ftom traffic and should never be allowed to
remain ungnarded in any position of doubtful
salety.

The instruments must be checked at frequent
intervals for the necessary accuracy. When ad-
justments become necessary they should be made
by experienced men and only those adjustments
that can be made safely without injury to the
instrument should be attempted. All such ad-
justments should be reported to the district of-
fice. When other adjustments are needed or when

1948




Section 1-—General Instructions Chapter II, Page 2

the instrument has been injured it should be
turned in to the district office for replacement and
the instrument sent to a repair shop. They shall
be cleaned and oiled when necessary.

The Chief of Party must ohserve the handling
of these instruments by the instrument man and
make sure that he is giving them the care that
sensitive and delicate instruments require.

Having on hand the proper equipment and fna-
terials is an item that requires the cOnstant at-
tention of a Chief of Party. He must anticipate
and estimate the needs of his party fof the work
to be done. Such equipment as instriuments, rods,
tapes, axes, sledges, brush hooks, sight-poles, tapes,
note books, tables, etc., must Be che&ed often;
materials such as stakes, spikes, tacks, nals, kecl,
pencils, must also be kepwfon hand in sufficient
quantities to prevent any time_beitigalgst because
of their absence.

By far the most important equipment assigned
to a survey corps_is the cars @séd for their trans-
portation. Thge cars are under the supervision
of the Equipment BDivision, and their regulations
"and instructions,miust be complied with. TFollow-
ing is apfouthne wof their requirements:

Thegmotorized, equipment used by the various
divisiong) of the State Highway Department is
furmshed“and maintained by the Equipment Di-
vision. h1he, State is divided into seven (7)
Equipment, Ihvision Scctions, each in charge of an
I'nspectotl

Upaon'the acquisition of a piece of equipment the
operator’s first responsibility is to ascertain what
sgetion he is located m, and to contact that garage
for all necessary service. It is the duty of every
operator of Highway Equipment to notify the
section inspector immediately if trouble develops
in the equipment.

The Equipment Division has mechanics on the
road constantly to make minor repairs, grease this
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equipment, and to see that it is kept in proper
condition. The equipment is not to be operated
if it is in an unsafe condition, with bad brakes,

. faulty steering, poor tires, ctc., unless the Depart<
ment inspector grants that permission. It should
then be operated cautiously until such repairs as
are necessary can be made. The survey field of=
fices must be notified of all defective equipment

. in sufficient time to have repairs or replacementsy,
arranged for.

It is the operator’s responsibility togec thatfthe
equipment is properly taken carggofjand ynot
abused. He must see that the gasgline, oil,water,

. and tires are properly checked. The air pressure
in the tires should be checkedl twiteha week and
any defects reported immediatelyd Thelgas and
oil should be obtained whenevef possible from de-
partmental tanks. Allfoperatoss’ reports together
with gas and oil receipts must be sent in promptly
at the end of eacH week.

Where cars afeldriven by miore than one driver
the Chief of P&ty must sce that the proper co-
operation i§ arranged and that no omissions occur
due to misundérstandings.

Vehigles, should not be overloaded at any time.
Ovefloadng is#detrimental to tire life and the

. méchanical parts of the equpment.

Al State Motor Vehicle Laws are to be ob-
served ‘atedll times, especially that pertaining to
the ‘maximum speed. No one but a licensed

operater is t§ operate any equipment at any time.
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CHAPTER III
DRIVING

The Chief of Party shall be responsible for the
proper instruction of the operators of the motor
vehicles assigned to him or working under his
supervision. He must make sure that these op-
erators read or have read te them the following
instructions:

Operators of Department Vehicles shall, alwayé
comply with prevailing speed laws and taffichepu-
lations, shall always exercise tbe utyfiost carénto
avold accidents in driving or parking, and shall
always be courteous to and cofsiderate of she
rights of other motorists and pedesérians.

Supplemental to our effortsptoduild safer and
more useful highways, it #§ one of the dities of ali
operators of Department \Vehieles to set an ex-
ample to other morgrists m the/ proper use of
motor vehicles and ‘@f the roadwdy. It is evident
that if those whe'die engaged in the building of
roads violate grafficdregulations and misuse the
products of their effortsgghe general public hardly
can be expéeted to dolotherwise. By the safe,
courteods, considerate, and sensible operation of
Depaftinent Vehicles they will help greatly to in-
duc@a faverable/attitude on the part of the pnblic
toward) themsélves, their fellow-employees, and
the Depattment as a whole. It should always be
horne in mind that, as State employees, their wel-
farepasdwell as the welfare of the Department, is
greatly dependent upon public opinion and that
1t 48 one of their duties to foster favorable opinion
by strict compliance with all speed laws and traffic
regulations even though at times this may prove
to be irksome or inconvenient to themselves and
apparently a waste of time.

In addition, it is essential that Department ve-
hicles be operated at reasonable speeds in order to
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prolong their useful life and to keep the cost of
maintenance as low as possible.

The operation of motor vehicles at high rates
of speed 1s a very dangerous and costly practicé
and, in the case of Department-owned Vehicles,
cannot help but incur an unfavorable public re-
action.

Finally, it should be borne in mind that the
operators of Department vehicles enjoy nodépecia
drlvmg privileges, that in the eyes dijthe law théy
are just plain motorists and are as suseeptible to
prosecution by failure to comply with*trathc regu-
lations as anyone else.

N
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CHAPTER IV
SAFETY IN WORKING

The Chief of Party is responsible for the safety
of the men in his charge. He must make certain
that the men under his charge have obtained and
read a copy of “The Salety Manual of the State
Highway Department”. When obliged to worlgfi
dangcrous locations, such as on travelled réad-
ways, he shall formulate an opinion @8, to the
dangers involved, and see that all reasenable
precautionary measurcs such as flagmeéh, warhing
signs, barricades, or other means, ate employed
to safeguard both the men in hisg@hagge and the
travelling public. He shall issug such anStiuctions
to his men as are appropriate \todprevent their
being injured or contributuig to'@h accident. e
shail, under no circumst@nces,dssugginstructions
to anyone te work wmdepgdaugerous conditions
without providing all reasonabledmeans to pre-
vent accidents.

He shall end@avor tedhear constantly in mind
that safety i workibg undér dangerous conditions
depends largelypdipon fealizing the dangers in-
volved dnd“taking, thé proper precautions. He
shouldy frequently remimd his men that the most
impertant role 1 working on traveled highways
1s that, onéyshould never take it for granted that
he is seén byythe driver. This applies regardless
of, whethepyorifiot flags, waruing signs, or barri-
cades have been erected, because motorists more
frequently than one rn}ght suppose run directly
into all sorts of warning devices at any time of
day or night regardless of how prominent or vis-
ible these devices may be. He should endeavor
to impress upon his men that when working on
traveled roadways they must, in the interests of
their own personal safety, endeavor to keep one
‘eye on the work and the other on approaching
vehicles and to get well in the clear when it ap-
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pears necessary. He should also endeavor to have
each of his men size up the situation before start-
ing work and decide in advance upon the safest
course of action for each of them to follow in case
of emergency so as to avoid the necessity of a
split-second decision in which event they might
accidentally step into the path of a moving ve-
hicle instead of getting out of the way.

The Chief of Party should not pegmit any mem-
bers of his party who are physically defective,
especially with respect to seeing, heaging, and
agility, to participate in work whefe such dcfects
will endanger them. Great care should be exer-
cised to avoid the contact of sfeelitapes with Tail-
road tracks, electric power lifics, wires ofgaby kind,
or electrical devices.

Caution must be observed in_the handling of
axes, knives, brush_hdeks,afid other sharp instrus
ments. They must hot'be carried or wielded care-
lessly, especiallyin the prexifimity of others.

All membes§%f the party should learn to recog-
nize poisonfivy and peison sumac and realize their
susceptibility #6 the§e ‘poisons. Those who take
them@a8ily should mot be allowed to work where
they will eomie 3@ contact with them.

Men should not be expected or allowed to do
dangefeus or unnecessary climbing.

Heavy Iifting by men susceptible to hernia must
be avoided.

Salt ‘tablets should be kept on hand and used
during days of excessive heat.

Men should not be allowed to acquire excessive
sunbum.

The Chief of Party must also see that proper
equipment, wearing apparel, etc., is provided for
men working m water, swamps, woods, and other
difficult places.

He should advise the men as to the proper cloth-
g to wear for the work at hand.
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.~ He must make certain that all necessary safety
signs and equipment are carried by each party and
are definitely used.
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CHAPTER V
FIRST AID

When an accident or sudden illness accurs to a
man at work it shall be the duty of the Chief of
Party to sce that proper aid and care is given 16
the victim. He shall make certain that each mem~
ber of the party has been given and has readit
“Safety Manual of the State Highway Depart-
ment.” If a member of the party'is, trained or
expertenced in First Aid work, he shouldybe desig-
nated to administer proper treatmént. Wherelno
such experience is available only @@mmon, simple
measures for First Aid shoulddb@pundertaken and
where there is any likeliho6d of /the easé being
serious, medical help should hefsecuted as soon
as possible without unm@cessary movement of the
mjured party. AN

Minor wounds g@and iffjuries | should be locked
after immediately) Cuts and dbrasions should be
treated and dressedyas soofifas possible with equip-
ment {romgthe KirsthAid Kit. Men should not
be allowed(to cofitinucworking and aggravate any
wound_or mydry recerved.

The suppliesyind®irst Aid Kits must be replen-
ished after'wsing. An occasional check should be
made\to see that sufficient First Aid Kits are on
hand“and_their supplies complete.
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CHAPTER VI
REPQRTS

One of the duties of a Chief of Party is the
making out ol reports. These consist of two
kinds, routine and special. The routine reports
are the weekly car reports, made on forms sup-
plied by the Equipment Division, and weekly
time reports made for the Assistant District Ain-
gineers 1n charge of the field offices.

A weekly ear report must be made out for cach
car each week. The Chief of Party mugt famihiar=
ize bimself with the details and make [gertain that
a report is sent to the Equipmeat) Divisien
promptly for each car assigned o hlm\ Working
uuder his supervision.

Weekly time reports myugt be'handed An to the
Field Office each week showinggthehdaily assign-
ments of the men and theg@istribution of their
time, as per Instrugtions received from the As-
sistant District Engineer.

Some of the mést important special reports to be
made out arel the g&ecident reports. Thesc are
- made on formsisupplied by the Department’s Bu-
reau of Llammis ‘and Compensations for injuries,
and by the Equipment Division for motor vehicle
accidents.

An accident réport must be made out for any
accidentieausing damage to a State car or for any
personal \ab, property damage caused by a State
owned car.

Areéport of any injury received in the course
of [the work must be made out, if there is the
slightest possibility of any compensation claims
being made immediately or in the future. This
must be done not only for the protection of the
State but {or the protection of the employee as
well.

These reports must be made out immediately
while all details are fresh in mind. In case of
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serious accidents or injuries the Field Offices and
the Equipment Division or Bureau of Claims and
Compensation should be contacted by telephone

. as soon as possible.

The Chief of Party must secure the necessary
accident report blanks, keep them on hand, and
thoroughly familiarize himself with all their de-
tatls and requirements.

. Occasionally it will be necessary for a €hief of
Party to give reports on complaint§,draimage cén-
ditions, and other special incidents and, construc-
tion features. Such reports should gffess the main

. purpose of the report and supply (@ll the miorma-
tion relative to that purpose. gdheyreport should
be clear, concise, and exa€t. N hinformation
should be given, the authenticityfof whieh has not
been carefully checked, g#\data and hgures con-
tained must also havg been_cheeked for accuracy.

Where possible a Chieffof Party should keep a
copy of all reports submitted by him.

_All reports_must, be sulimitted at the required
time.
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CHAPTER I
NOTE BOCKS AND NOTE KEEPING

Good note keeping is one of the most essential
duties of surveying. The note keeper must always
bear in mind that his notes are to be a permanent
record; that they must be easy to interpret eyén
by those not familiar with the work aglong time
after they are made. Therefore, all notesishall\be
accurate, legible, neat and systematically, “ar-
ranged.
~ Standard note books furnished by the Depart®

ment shall be used. The outsidé covégishall /be
stamped or lettered in the manner shown il the
[lustration in Part Two, Seetion 34C.

The title on the cover Should, inpalldeases, be
comprehensive enough tolreadily ﬁentify the job
and its location,

When beginning the notes, gh® hirst few pages
should be left vagantifor the insertion of the index.
This index sheuld begin‘as soon as the nature
and extent of \thefwork 1s known. It must be
kept up go"date alongdwith the work, as far as
possible/and cempleted as soon as the note book
is filled. \The index shall show a general outline
of theynotes comtained in that book. This out-
line shalhbe'eomprehensive enough to make it easy
to, find any, particular part of the work without
unpnecessary trouble. Each book must be indexed.

Alllindexes should refer to pages of the note
boak which shall be numbered consecutively be-
giining at the front. The stations of the survey
should be placed in the index and should refer to
page numbers in the note book wherever possible.
For cross-sections and topography, or other notes
that are continuously the same type, groups of not
over ten stations m the index should be referred
to the corresponding group of page numbers.

1948




Section 2—Surveys Chapter I, Page'2

When beginning each day’s notes, the names and
titles of each member of the party, the license
number of cach car used, the date, temperature;

. condition of the weather or any other circum-
stance that might affect the work or personnel,
shall be entered.

Highway Survey notes in general may be_di
. vided into the following classifications: #fecon®
' naissance and preliminary survey nétes; fotes for
topography and right of way data; Benchymiark,
cross-section and profile notes; netes Mor eon-
struction layout; as-built survey detes; andynotes

. for special surveys. :
Reconnaissance and Preliminar?\Survey notes
are usually so diversified that séandardization is
dificult. In general, theg@@onsiét of nates of rough
topographical surveys(by Stadiag of other rough
methods of location; ‘eross@sections by hand level
or regular level for contour/maps; profiles of
roads, streets, steéams, railtéads, etc.; types and
valuation offbuildings and other property and
special and’ esseptial Jeatures bearing upon the
location of \aghighway. Therefore, due to this
divegsitygpsome thought must be given to the
genéral arrangement of these notes beforehand.
. Anjestimate of the amount of space to be used
shouldibe made where possible.  Where such notes
willhnot Be” extensive, alignment and topography

notes imayfollow in the same book.

® Alignment notes shall show clearly all neces-
sary data for running out and reproducing the
center line or survey base lines of the highway and
its component parts. The point of beginning shall
be shown clearly tied in with former surveys or
. existing lines. The correct station location, and
clear, permanent and complete ties must be shown
to all points on line necessary for instrument
set ups. All P.C’s, P.I’s and P.T.’s shall be

shown including methods of computation for es-
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tablishing the curve and station location of instru-
ment set ups. Special cases, such as offset lines
and tnangulation around obstacles, shall be
clearly shown by sketches, with methods used, and
all necessary ficld data for computations. The
bearings and length of all tangents shall be
shown, together with all field data for sun shots,
polaris computations, or ties to New Jersey Plaffe
Coordinate System Monuments. Where equafions
1n the hine occur, they must be definitelyy labeled
and the back and forward stations cleasly $hown,
with the differential in length given sghowmghthe
line to be longer or shorter than indigared by the
stationing, After the alignment notésshave been
completed the index must befchecked topmake
sure that it shows clearly the Jocafion of'the im-
portant f[eatures, such asfcurves, cquations and
special problems. N\

Notes for Topography and Right of Way Data
require careful planfling and censiderable thought
beforehand. Thé¥¥&re onc of the most important
parts of the surveyfnoteshand the most difficult
to make clear \and complete, The note keeper

- should selrdyhconditions carefully before starting
his notés and ‘sketch clearly all the principal fea-
turgs to be located. The sketches shonld be clear
andWdrawnpto & proportionate scale. Plenty of
space am, they book should be allowed to avoid
eramping sind erowding of additional notes and
measurefments. 1he note keeper must not aliow
himself to be hurried, but take sufficient time to
keep his sketches zhead of the actual measure-
ments so as to enable him to record notes and
dimensions clearly and neatly. He must make
sure that all measurements are called to him
clearly and distinctly and when in doubt have
them repeated. Mistakes in measurements can
often be corrected by the note keeper by checking
with his own estimates and making comparisons

1948

e




Section 2—8urveys Chapter I, Page ¢ :

with definite measurements. This mental com- -
parison should be made a habit in note keeping.

. It is not necessary that the note keeper alwayg
be the Chief of Party. If another, who can keep
good notes, is a member of the party, it is often
advisable for the Party Chief to perform soifie

_ other function where he can be free to give amore

. thorough examination of conditions and® mor
thought to the planning and directifig of the wofk.
The Tilustration in Part Two, Section 3-E shéws a
good example of topography notess

Notes shall be made of all rifht of way data

. that can be obtained on the groun%at the time of
the survey. This shall inclnde acluratefties to
all property lines, propertyf mosiments and cor-
ners, where they canglie”definitely, determined.
Where such lines and cornersdsmwesonly approxi-
mate this shall begdefinifely stated in the notes.
The notes shallalso show thé nature of the ad-
jacent land; thetype, coléf and condition of all
buildings anl fengesy the type, size and condition
of all treds, shufibs, flower beds, and any other -

fixed objectsgthat have property value. Build- -
: ngsor otheryimpbrtant featurcs that are over -
50.fect and mot more than 200 feet from the right

. of ‘way line|shall be noted with their estimated
distanges. L z2re must be taken in the index to
make 1t gomprehensive enough to readily desig-
nate| the umportant features and all stations in

. the book.

Bench marks, cross sections, and profile notes .
are perhaps the easiest and simplest to arrange
uniformly and neatly but the most difficult in
which to avoid costly mistakes, therefore, accur-

. acy should he particularly stressed in putting
down rod readings and computations. Too much
importance cannot be placed upon the note
keeper making constant comparisons and checks
of the figures given him. Complete bench mark
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notes shall he given showing all H.L.’s, T.P.’s, cte.,
together with all computations. Where seli-
reading rods are used and elevations are read
direct the note keeper must be doubly careful to
record elevations in their proper place, and keep
a continual mental check by observation and com-
parison. It must be clearly noted on cach page
of the notes where direct elevations are used:

Sketches should accompany rod readings to
show elevations of walls, bridges, streams, ‘guté
ters, drainage structures, and any othegsnusual
features that cannot be made clear h§ the notes
alone. The Illustration in Part Twa, Sect. 3D,
shows samples of good bench magk, crhgs section,
and profile notes. This method of atote keepmg
shall be used where possibles

Note books shall be kept ShOW]{g alldeonstruc-

tion layout data,

The notes shall consist of: All layout data and
calculations concerniig the aligiment and eleva-
‘tions of all stru@tures, intersections, ramps, etc.,
as well as the/primdry highway alignment itself;
all borrow pit layéut ddta and elevations; all ties
‘to remoyabléymonuments, bench marks, impor-
tant land markshor points necessary for reproduc-
ing ampertant lings or grades; also notes shall be
keptef “ahy changes in the plans with reasons
therefore, and any unusual circumstance to which
further referenge might be necessary. Because of
the,variable nature of these notes they should he
reviséd’and clarified frequently so that they will
be/readily understandable by other engineers long
after the work has been completed.

Except for small projects, separate note books
shall be used for as-built survey notes. These
books shall be titled, indexed, and the notes kept
in the same manner as topography and cross sec-
tion notes. Since these potes are usually made at
intervals during the course of construction as well
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as afterward, they must be carefully planned and
spaced, so that they follow as far as practicable
in the same order as the stations of the project,
Measurements of all construction items shall be
shown i sufficient detail so that necessary con-
struction quantities can be readily calculateds
Sketches shall accompany measurements where
necessary for clarity. New ties, bench marLK
right of way measurements, or any other ni€asure
ments showing changes made irfQthe plansfor
topography must be clearly shown. Imysheft, as-
built notes should show a completé and accurate
survey of the actual conditions of the constriction
plans at the time of the projeer’s completion.

Notes for special surveys §iich a:)ridges, drain-
age, right of way, special gonseructién or check
surveys, etc., usually géecupy’ only /a few pages
and therefore should it possiblejube placed m the
topography or crgss seetion note books of their
respective projects. A careful explanation of
these notes should, be piwen and all necessary
connectiongl and ties to alignment, benches,
etc., clearly shown. Cleéar sketches should be used
to make all métes thoroughly understandable. Ap-
propfiate titlesyforfeach particular survey shall be
placed 'in the index and the usual personnel m-
formation given daily.
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CHAPTER 11
RECONNAISSANCE SURVEYS

The purpose of a highway reconnaissance sur-
vey 1s to collect and record by maps, or otherwise,
information and data from which can be deter-
mined the most desirable or economical location,
type, and extent of any project to be undertakefi.
Such a survey will include projects to be studied,
such as highways to be constructed overnew loka<
tions, comparative studies between newgand ‘old
locatlons widening and rebuilding @f existing
hxghways and special projects such a§ grade seps
arations for highways or a railroad and highway,
large river bridges, etc.

The methods to be followedpandfthe investiga-
tions necessary will vary gomewhat, with the na-
ture of the projects for which the%econnaissance
survey 1s to be used.(In mearly all cases it will
be necessary to makéra map opafiaps from which
studies and comp@Figensican be made. Investiga-
tion should fi§t bedmade, of the availability of
existing maps i th& vicifiity of the project. Geo-
detic sury@ypmaps and contour maps furnished
by the lI. 5.“Axmyare available for the entire
State @nd can be wsed to ascertain the possibilities
of leeation, and go plan the extent and nature of
the work. “Imwirban and subnrban arcas tax maps
ean be seéeured, from the various municipalities.
Qther county, tewnship or municipal maps are
alsousdally available. Any, or all of these dil-
ferent kinds of maps may be used on a single pro-
je¢t’ depending upon the extent and type of the
project for which the survey is being made, =

For grade separations, new alignment through
built-up districts, and locations in limited areas,
tax maps are a valuable asser. With these maps
in hand a small survey corps can go out on loca-
tion and with simple measurements and estimates
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can sketch on the prints all buildings and im-
portant topographical features. These prints can
. then be fitted together and a tracing of a map of
the entire location made that will be sufficiently
accurate for most reconnaissance work. Simis
larly, old construction plans, where available, cdn
be used where the survey is to be along existing
. highways. County, township and maffticipal
maps can also be used in a similar{tnanner whére
the scales are sufficiently large.
For extensive projects over new dlignmeént espe?
. cially through built-up sections, (airplane’ photo-
graphs are of great assistance.gfThese photographs
are now available for all parts of thepState and
can be ordered to any_scale. #Howéver, except
for special cases 400 #"1 inch has been found to
be the most practicdl scale®o™use for reconnais-
sance work. Thi§ scale’ss small enough to cover
large arcas in a(workable,spdce and at the same
time large em@ligh to sece the important features
and allow gracings formecessary maps to be made.
In areas requiring ginore accurate and detailed
studiesliap 2000 = 17 mosaic photograph should
Le obtainedy, “AEcurate maps can be traced from
. these mosaigs and preliminary design made.
Situations will often arise where no suitable
maps ate.available; where the project is confined
to a limnited area; and where considerable care 1s
necessary in determining the various layouts and
. gomparisons. In cases of this kind it will be
necessary to make topographic survcys in the
field for the purpose of making a map suitable for
tht project to be studied. Before making this
. survey and the resulting map, careful considera-
tion should be given to the possibility of using
it also for the entire tract map described in Para-
graph 2, Sect. 3, Chap. XXVI, Page 1. With a

little foresight and planning many of the recon-
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“naissance maps can be made to also serve this
' purpose,

Before starting reconnaissance field surveys the
Chief of Party should plan the work carefully with
his supervisors, determining the degree of accuracy
necessary and the extent of the survey. In many
cases more detailed information than can be sup-
plied by existing maps or airplane photography

. will be needed. In such cases a rough field survey
will be necessary. Topographic features should, a6
-a rule, then be located by stadia unless sfteet hines
or other definite lines can be quickly (tied inand
quick offset measurements taken frem these lines,
Only topography should be locaged thatvwill have
a bearing upon the location of the highway, such
as buildings, approximate préperty’ lines, /utilities,
streets, roads, railroads,fstreams,) badges, etc
- While topographic locationgsfbeing made, neces-
sary elevations can, be taken during the same
- ‘operation by stadia shets andguéd readings, aug-
mented by hand’levél readings. The hand level

~"isa great timé savef 1n this work and should be.

~“used wherever pogsible.l Results from it can be

.. accurateglenough for feconnaissance work pro-

.- vided ghe handJevelis kept in proper adjustment.
- Sufficient,clevations must be secured to show pro-
files'of mmportapt highways, railroads, drainage
. ,outlers,streams, bridges, and other features that
7 “may havelmportant bearing upon the location.
" This, in addition to enough elevations to estimate
profilésfand earthwork for the different locations,
must be recorded and made a part of the maps.
AWhere existing maps or maps made from air
photography are used, all or parts of the above
described field surveys can be tied into such maps.
The amount of field work necessary will depend
~ upon the details, accuracy and scale of the map
- required, which in turn will be determined by the
nature and the extent of the project to be studied.
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Besides the field surveys it will be necessary to -

collect considerable other data and information
having important bearing upon the selection of
the proper location.  Included in this data must
be:—approximate location of the sub-surface
structures, their type, sizes and owners; locatigh .
and extent of rock; depths of streams, nvers and
marshes; borings showing hard bottom {of W
excavation; elevations of tides; number of open-
ings of draw-bridges; width of bridge spans, infthe
vicinity, and any proposed special features or de-
velopments. Inquiries should be gnade ofypublie”
and utility officials and local residents of angheon-
templated new plans or devel®épments planned in
that vicinity. Kept in mind at all timésfmust be
the thought that all datagandginformation gath- .-
ered is to be made ageomprehensiyg part of the
maps being prepared; N SR
Where reconnaissance maps showing prehm:—-
nary designs ar&made thegafiust also show addi-
tional data agfétitlined in Sec. 7, Chap. IV, Page 1.

After the faaps have been completed a thorough:' -
study must\befmadéito discover all feasible loca-" -
tionsgbrilayouts. Lhese must then be drawn on ™ -

the maps msufficient detail to make true compari-
song., Frequent consultation with the chiel of

part¥ supervisors must be made in making these . -

lawéuts.
In @sderito make proper comparisons, profiles

must be plotted, earthwork and other construction -
itefms approximately calculated for each location. -~

With these completed, estimates of cost must then
be prepared for each layout. Estimates of cost
of all bridges shall he secured from the Bridge
Division and estimates of right of way costs from
the Real Estate Department. The necessary in-

formation shall be furnished these Departments
as soon as possible i order that their estimates .
can be completed along with the other estimates. -
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The estimates and maps must be completed and
shown in a manner that will enable them to be
readily understood by those who have the author-
ity to make the final decisions so that such de-
cisions can be made with a full understanding of
all factors involved.
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CHAPTER I11
ALIGNMENT

When the approximate location has been deé
termined from the reconnaissance survey it next
becomes necessary to lay out the lines of the pro,
posed project accurately on the ground. DBefofe
going ahead with this work the Chief of Party
shall consult his supervisors and obtain definitey
knowledge regarding the following@enerdl details
of the project: departmental policiegy exteit of
the work, widths of right of way, typeal, sections
of roadways, maximum curvatures allowed, ap-
proximate grades and elevations mecessaryl, loca-
tion, widths and clearances #f bridges, and other
important requirements that might ipfluence the
exact location of the psopased alignment.

For nearly all proje€ts an_approvéd preliminary
or reconnaissance mapyofgdhe Tayour will be avail-
able. This must be thorcughly studied, compared
and checked with\the vamefis topographical fea-

tures on thé®gréund, and a plan for staking out "

the alignmient determined upon before starting.
Since all projéets Will 'begin or take off from an
existifig highway, plans of that highway should
be secured'where possible showing alignment data,
t1es, bench marks, etc.  Where no plans are avail-
able, ghe ceater line of the existing highway must
belocated from the best information avatlable,
such as physical layout, tax maps, road returns,
ete. ) The alignment of the new project must be
definitely tied in with the existing highways.
Having studied the preliminary or reconnais-
sance map as a whole the layout of the alignment
on the ground must be studied step by step in
detail and carefully planned. This s one of the
most important parts of the highway surveying.
Haphazard alignment work can, and often does,
cause considerable waste of money and time, un-

necessary property damage, and poor design.’ -
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Hence the value of a very careful study of the
. exact hine of the project cannot be over estimated.
There are many features common to nearly ail
projects that will call for special study.

Iirst the alignment of the various parts of the
project must be carefully considered in itself.
Although the preliminary map will usually show
the general alignment many refinements will haye
to be worked out in making the exact layougfon
the ground. One of the most importanf éf these is
curvature. [First the Chief of Parfy must eonsule
his supervisors and obtain definite wiStrictions
regarding departmental curvature standards for
-each part of the project. He sheuld also thor-
oughly familiarize himself with £he stahdards sct
torth by the A.AS.H.O., and [the Publig Roads
Administration.  However,dfifayifig out/the line,
curves should be made asflat aspegsiblé or climi-
nated entirely where ne prehibitive cost or prop-
erty damage i1s invelved. A cagéful study and
good judgment niust be exer@ised in this phase

- of the work as e 48 ffequent consultation with

supervisors. Compound curyes can often he made
to fit the situatienfmore/economically than simple
curves afd should, bedused where necessary to
run thel alignmeént through the exact locations
desized; provided, however, the curves are flar
and “the diffcrential complies with departmental
uniform design speeds, otherwise the problem must
be referred, todsupervisors or the designing en-
pHIeeT.

Thegéxact points through which the alignment
is 80 pass must be determined by a study of the
reéonnaissance survey, and also a very careful and
detailed study of the topographical features on the
ground. The purpose of this is to avoid unneces-
sary property damage, interference with public
- utilities, useless destruction of shade trees, exces-
~stve angles of crossings at bridge locations, passing
-through poor subsoil, causing unnecessary earth-
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work or rock excavation, and causing construc-
tion of unnecessary drainage structures. Great
savings can be made and the Department’s good
alignment policy still adhered to if sufficient timg
and study is given to this very important phase
of alignment work. In fixing points of location
there must be kept in mind the probable approxi-
mate grade of the highway at these points and\a
liberal allowance made for the slopes beyond they
right of way line of both cuts and fills. Failuredo
do this often results in costly damage or Uunnéces-
sary changes in alignment after plamsthave been
drawn.

The technique of running in_and staking) out
the alignment also requires cofisiderable study and
thought before starting. For ofdinar@highway
projects the alignmentgshall#be stationed and
staked at fifty foot intervals\ Ingselecting and
designating curves eyens@dii to the nearest 100
or 1,000 feet shall be tsed and the exact length
of arc computedp All curyedata can be computed
from the “@ivve Data Tables” furnished by the
Departmefit and alsepcontained in this Manual.
Where transiion ¢lirves may be required. the
Chicf#@fpParty must confer with his supervisors
and’ designihg efigineers and obtain the length of
spirals or equivalent compound curves to be used.
This matter must be considered when the loca-
tiom, of £H€ line is to be finally established. The
“throw’’ “of, the new curve or compound curves
over a simple curve must be known and the tan-
gerits cstablished so that unnecessary property
damage or a poor location will not result. If pos-
sible the transition curves should be established
on the location plan when the line is first designed
so that the Jayout on the ground will pass through
the points desired. Stations shall be established
along the arc and corrections made for chord dis-
tances where necessary. Curves must be made
to check out so that an error of closure with the
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“laid out P.C’s and P.T.’s shall be not more than
six seconds of angle or 1/100 ft. of distance per
each 100 ft. station.
Instrument work must be carefully checked and .
angles in the alignment measured to the nearest
30 seconds by tripling the angles and then by re-
versing and tripling again for a check, taking 1/3
of the total when no obvious error has been made.
Al} chaining shall be done by steel tapes afid \.
plumb bobs. Spring balance tapes arego be @ised
only in special cases hereinafter described) Where
necessary, the Chief of Party shall thoreughly in-
struct the chainmen in their duties dnd observe
them constantly, checking their accuragy and espes .
cially their judgment in the use offplunib bobs and
breaking chain over rough terrain. Hé¢ mustimake
sure that they familiarize themselves with and
use approximately the stafdard 15 pound pull on
the tape. Tack points shall 8 ptaced on each
stake, and a nail or cfdss points ugsed on existing
pavements where p@ssible. Marker stakes shall
reference each seafien Wwhere practicable, other-
wise station numbersshalllbe painted on the pave-
ment or adjacent gbjectsl VA standard length 100
S ‘f;fi}fﬂot steel dape atlf7° Fahrenheit shall be consid-
“" ered stafdard. JAWMEpes that have had consider-
able dsage and‘especially those that have been .
menided “must be frequently checked by this
standapd. “The"allowable error in chaining shall
not exceed 1/00,000. Where the differential in
temperature will>cause a difference greater than
this, htefperature adjustments shall be made. .
Check ™ chaining shall be done where time will
allow, however, in most cases the chatning can
be checked more economically by the topographi-
cal survey party following.
Where obstacles are encountered in running the
- alignment, offset lines or triangulation mayv be
nsed. However, extreme care must be tzken In
measuring both angles and distances in either
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of these methods if the required accuracy is to be’
obtained. This is especially true where triangula-
tion is used in crossing large streams or large in-
. accessible areas. Iere permanent base lines and

"' triangulation points must be established and care-
fully referenced or monumented. Where such tri-
angulation is to be used for the design and layout
for construction of bridge structures, the base lings

. shall be measured with a standard spring balance,

) tape and the angles measured withgan mstrument
reading to the nearest 20 seconds. Bhese, nieas-
urements shall be checked and re;ehegked wuntil
there is no possibility of error. Caré must be taken

9o in selecting the triangulation pointsy, Theyjshould .~
be outside the limits of possible’cogstruction, in-
terference with traffic or utilities A fizm'base for
the instrument tripod legs mist bd constructed
at each point.

Where dense wooded aréds are cncountered, in
order to prevent finnccessary gucting of trial lines
by the usual cofpand try methods, offset lines or
triangulationhipuld, be uscd where such areas are
not extensive. For mere extensive areas bearings
of the alighmént siould he calculated from the -
recopfigissance map if it is sufficiently accurate,.
and where it 18ifiot, airplane photographs should

. betobtained 'and bearings calculated from these.
Withlerdinary care the alignment can be made to
check ‘olifvith some adjustment and little or no
additionalycutting.

Béarings throughout the alignment shall be

. obtained from existing New Jersey Plane Coordi-
nate System Survey Monuments wherever pos-
sible and the line definitely tied in to these monu-
ments. The accuracy of the deflection angles can

. also be checked by such tie-ins. Where consider-
able stretches of alignment occur without any
check up with existing truc bearings, such bear-
ings shall be obtained by observations on the sun’ ..
or on Polaris. S
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- Definite and permanent ties and references shall

be shown for all P.C.’s and P.T.s; for P.O.L.’s
where set-ups are necessary and for P.I.’s where
‘they are accessible. The ties shall consist of
measurements to definite and permanent points
sufhciently accurate and numerous to reproduce
the exact point being tied in. Care must be taken
that the points selected are outside the limits of
construction and are not likely to be moved 461
any reason. Where no existing permanent pdints
are available, measurements shall be ‘fhade \td
stakes driven outside the limits of constriiction
in order to hold the points until permafient menu-
ments can be set.

AN

e




Section 2—Surveys ‘Chapter IV, Pag'é 1

CHAPTER 1V
SURVEYS FOR CONSTRUCTION PLANS

After the alignment has been staked out the next
step 1s to make surveys to obtain the necessary in-
formation and data for drawing the con<
structzon plans. The Chief of Party should first
examine a number of sets of the latest New Jerse
State Highway plans and thoroughly fanditharize
himself with the procedure, legend, standard de-
tails and general practice, before starting the field
surveys. Lhe survey work may b€ done, simuls
taneously with the staking out of the alignmeént, or
after all sections of it have beempgompleted,” de-
pending on the type of projeét and Fheysizé of the
survey force available. A decisive plan of opera-
tions must be carefullygaid edt at the beginning
of the survey in ordef that alkthegforces may be
fully utilized witheutJessfef time or unnecessary
work. With a Jarge survey force all operations
can be carried_om\simulidnecusly. Under most
conditions if Is ‘mose, economical to begin cross

sections afd topography as soon as a section of

the alignmentdis staked out, in order to have oflice -
worlkffor @il ‘the sufvey forces in case of bad wea-. -
ther., Thisall™also provide immediate work for
the draltsmen or office men if any are available
and not needed in the field work. However, care
mugs be taken to make surc that alignment used
for topegraphy and cross sections has been defi-
nitely established and approved before this work
isidone, otherwise much of the work may have to
be done over due to changes. Therefore, when
other work can be found for the forces not needed
for bench marks or alignment, it is sometimes ad-
visable to complete the alignment for the entire
project in order to have it definitely approved
before beginning cross sections or topography.
Before profiles or cross section elevations of the -
project are taken, an accurate system of bench
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marks must be established throughout. This work
should start as soon as the location of the project
has been decided upon in order that the cross
section survey may be started at the proper time.
Existing bench marks must first be located; those
on the existing connecting highways and also the
New Jersey Geodetic Control Survey bench marks.
Plans of existing highways will usually give the
former, and the latter can be found in Bench Mark
Books supplied by the Department of @onserva-
tion and Development. These books alsolinclude
U. 8. Coast and Geodetic Survey Befith Marks
that can be used in most cases. Mecan Sea Lewvel
at Sandy Hook is the datum to be Qed for [l
New Jersey State Highway work.

A survey corps of three or four mén will usuaily
be sufficient to establish beflel mdrks. However,
if forces are available, on€ or merem¥ey parties
may work simultancouslygefi” the same project.
- This 15 especially adwantageous fér long projects
and will enable a_line of bencH&&to be established
. -throughout thefprofeet and checked from end to

~end before crpss setion Work starts. Checking
on New Jersey Geodetie Control survey benches
at frequeht mitervals will save time and re-check-
ing benghes.

The technique of establishing bench marks al-
though, stmiple sequires considerable care and ac-
curacys hCareful, accurate, levelmen and reliable
todmen ‘must Be selected and instructed in the
details necessary to be observed in getting the re-
quiredfaccuracy. The Chief of Party must never
take too much for granted and must be constantly
alert, making mental checks and observations of
elevations, readings, choice of turning points, etc.
He must also see that the instruments are checked
frequently and kept in correct adjustment. The
bench marks must be selected with care and dis-
-eretion, and should be spaced at intervals that
will not requirc more than one turning point.
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They must be well beyond the limits of construc-
tion, easily accessible, and easy to find without
bemg mistaken. Only points on permanent struc-
. tures that will not be affected by frost action, set4
tlement, or other movements, should be used.
Clear, concisc descriptions must be noted with stas
tion and offsets for each bench mark. All descnp-
tions mnst be definite about the exact point,at
. which the rod is to be held. Cross cuts ogfdrive
' spikes may be used where no otherdefinite poidts
are available.
Bench levels shall be checked amsd*re:cheeked
until there is no chance for mistakéd.| The allowable
. error for a line of bench marksgin checking|by re-
running or in checking with £xisting*benchés shall
not be greater than .02 for{eachdmileq “The total
error shall be adjusted gfiifendly throughout the
benches being establiéhed. Whengfying in with
Municipal, County, of otlier State Highway pro-
jects already completed it awill sometimes be
necessary to showhan equation of benches, since
in some case®T08men datums were assumed or in :
error., The copfect elevations for the new pro-
ject should befused Wherever possible and definite . -
equationshof elevations shown clearly wherever
. ang| uncertainty might occur.
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CHAPTER V
TAKING TOPOGRAPHY

In order to design, let contracts for, and build
highway projects it is necessary that the plans
show m detail all the topographical features and
existing conditions that will influence the work or
be affected by it. The location of such featuses
is commonly called “taking topography.” @his
work is usually done following the stakihg out of
the alignment, but may be carried on at_the.safe
time or alternately depending upon th natuie of
the project and the forces available. ConsideraBle
study should be given for determinin&the mest
economical method of procedufe. Ln néashy all
cases where the chaining has siot héen previously
checked the party taking ghe tapography should
check the chaining of thd aligmamentiafd the sta-
tioning particularly agpeintiol catve and point
- of tangent.

The technique of Joeation w88k varies somewhat
with the naturgfof the preject. For simple align-
“ment the station add offsét method from estab-
lished base linesgshould be used whenever pos-
sible. 'Bhis “method ghakes casier plotting and
designimg, saveserlculations and gives direct meas-
uremerntsifrom the construction lines to all ob-
jects @tfecting of affected by, either the construe-
tion wotk, of right of way lines. It is of great im-
Portance| that Such measurements be accurately
determineéd. Tlherefore when other methods of
focation, such as measurements from offset lines,
auxihary base lines, and stadia locations are
necessary, sufficient check measurements must be
made to assure accuracy and furnish enough
data to accurately calculate distances from the
construction and right of way lines.

The topographic features located must include
everything near the construction work or right of
way lines that will have any bearing on the pro-
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ject or right of way purchases, such as buildings,
walls, steps, walks, trees, shrubbery, curbs, side-
walks, edges of roadways, streams, pavements,
fences, property lines, cesspools, wells, etc. Al
surface and underground utilities must also be ac-
curately located. In addition to location, notes
shall be made of the condition and types of su¢h
physical features as buildings, walls, walks, reads,
curbs, fences, wells, cesspoals, etc., or ang othie
features that may have some bearifig on| the de-
sign or be the subject of future contrgversyt

Fxisting monuments or markezd” on o pann
corners that may be desrroved hyl@onstruction of
the highway, should be chomtghlay tied A so
that they can be reproduced i neecssaig
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CHAPTER VI
CROSS SECTIONS

It is necessary to have complete cross-sectional
elevations throughout the project in order to com-
pute accurately the earthwork, layout profile
grades, design dramage and other features of the
work. This operation must be planned carefully
to fit in efficiently with bench mark and togo-
graphic surveys. In general, cross-se@tions/are
taken immediately following the topography logad
tion. However, this will depend upon pbe nature
of the project and the working forcds availabie.
If enough men are available, both\eperations
should be carried on simultanegfisly i orderito
secure enough data for office (workdfor _ali" the
forces in the event of bhad s@athef. For special
design of complicated Entersections\it isdften ber-
ter to wait until a spegifie\plaf hag been worked
out before taking fin@l sections in order to de-
termine the extent dfthe workgelen take sections
from the definiteg@Wweyhor base fines that will fit
in with the degign withoufhunnecessary computa-
tion or re-taking of elev@itions. However, it may
be desirabl@fin,some cages where interchanges are
extensive, to take seefions from auxiliary base lines
in ordef o make contour maps to be used in the
design,

A surxey party for cross-sections usually con-
sists of fowr men. A three man party can, how-
ever, do eansiderable work and when forces are
salluels often advisable to split up parties and
form three man parties in order to make more
rapid progress,

The Chief of Party must see that his forces
have been properly instructed in their duties and
must himself understand fully the requirements
of that particular project.

Care must be exercised to be sure that cross-
sections are taken on normal or radial [ines in
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relation to the proposed base line or center line
as the case may be. Where the sections are long
and the terrain is hilly and irregular a transit or
some other means of lining up the sections props=
erly must be used.

In general, sections shall be taken at reguldr
fifty foot stations on the base line or profile line,
and at pronounced breaks in the contourg®f‘the
ground between stations. Howeyer, where the
contour of the ground is uniform; scctions’ can
often be stretched out to 100" and 200 antenyals:

Likewise when the terrain is faidy uniform, sec- .

tions can be taken at the breaks'in the contours
and the even stations omitged. Party Chief
should study all features of thelterzain carefully
with the idea in mind“thagfthe séctions taken
when compnted will/give acewraté earth quant-
ties. He must watch € man with the rod con-
stantly and seedhat shots areftaken at the proper
points on “breaks™ so tHat the resulting section
1s a true dgne. Shots, must also be taken on all

features orl ohjécts along the project that will in -

any way,be¢onnected with or affect the right of
waylor constriietion plans. Elevations of existing
pipes, ditches, drainage outlets, curbs, walls,
poreches, steps, foundation of buildings, utilities,
aghwellpasdprofiles of all intersecting or parallel
streets that may be affected must be taken.
Alertnéss on the part of the Chief of Party in
gathering this information at the time of the cross
section survey will save many return trips for ad-
ditional information.

At interchanges it will frequently be necessary
to take sections for the purpose of plotting con-
tours over a large area. Base lines for these sec-
tions must be carefully planned so that a com-
plete and accurate coverage of the entire area is
obtained. The resulting contours plotted should

1948




Section 2—Burveys Chapter VI, Page 3

be sufficiently accnrate for plotting cross sections
and calculations of earth work.

Frequent checking in with the benches must be
made and mental comparative checks by the Chief
of Party throughout the work will often prevent
mistakes and unnecessary repetition.

In rugged terrain, shots with the instruments
can often be supplemented by the hand level and
many additional set-ups avoided. The Chiefgof
Party should thoroughly familiarize hifhself with
the nse of this instrument and also instrugs, othes
members of his party in its use.

The notes for cross-sections must pé carefully
planned on projects of considerable size, and sees
tions of them placed in separaté noteNbooks/so
that the reducing and plottingfef thé notes'may
be worked on by several memhess of the party
simultaneously. When rapid Progress 1sdecessary
it is often advisable to use cagbbn paper and loose
sheets when taking crdss-section notes m order to
obtain carbon copic8 8¢ that mer® men can work
simultaneously ofithe ¢emputations.
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CHAPTER VII
DRAINAGE SURVEY

The drainage of a modern highway project i§
one of the most important factors i its design
and construction. A considerable part of highs
way planming 1s devoted to the problems @f -
drainage. Therefore, it is of great importance that
a complete survey of all the drainage feaiires o
the terrain through which the higliway passesgbe

made. In addition to the elevations)prepidusly
mentioned, detailed locations andg@€Tosshscctions
of ditches and streams should bef imade, ‘particu-
larly at the approximate endsgei proposed ‘€ross
drains and structures; also at dny&cation where
it might be desnable to changedthe alignment of
the course of flow. ThéWlécations and cross sec-
tions must extend sufficiently-beéyond all proposed
work to show a cemplesé'picture. A profile for
an additional distance should be taken. The dis-
tances will vary, depending on conditions, and
must be lef€ to the discretion of the engineer in
charge of the weork. v

Signs_of high"water should always be noted and
elevationshtaken, topether with sizes of existing
stguctures within a reasonable distance on each
side.), Where the drainage 1s connected with tide-
water,helevations of extreme high, normal high,
mean tide and low tide, must be obtained. Resi-
dents of the vicinity may be able to furnish -
formation as to conditions during storms in the
past. If it is of interest, it should be noted, giv-
mg the source. Wet, swampy or springy places
should be located and shown in the notes, with
extra levels being taken to show all conditions.
All low places along the sides of the proposed
work should be noted plainly, and levels taken
to show their elevations and area.

The present use of the land within the drainage
area should be noted, with estimated percentages
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of cultivated, wooded, pasture or other types of
land, together with any improvements or probable
change in the use of the lands.

The size of the drainage area is very important;
for smaller areas an estimate can be made by
estimating distances around and across the area.
Larger areas usually can be found and calculated
from the Geodetic Survey maps or contour maps
recently made by the War Department and on
file at the Trenton Office and the field“gffices.
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CHAPTER VIII
SOILS SURVEY

For the proper design of a modern highway it
is necessary to have complete information regard-
mg the composition and nature of the soils
through which the project passes. For this pur-
pose 1t 1s necessary to make borings andtake
samples of the soils. Contact with, the Saifs En=
gineer must be made and a generalyplan fordhe
extent and nature of a soils survey effécted.
Auger borings are the simplest method and sev<
eral outfits are at the disposal of each ficldyoffice.
These borings are more or lessgfor informatioh of
a general nature and can befused s}tisfactorily to
depths varying from 10/ t@ 25/6n selid earth or
up to 35’ in muck and @#et’seils. Reasonably rep-
resentative samples ¢an beobtainéd from auger
borings. The locationjefffirm bottom in swamps,
of rock surfaces, | water tables, and various soil
stratas can be _feund acciiFately enough for the
purpose of desighing, the roadway. Under ordi~
nary conditionsgwhere the highway grade is to be
near the surfdce of the existing ground, borings
should beniade with post hole augers and accurate
samples obtained. The intervals at which bor-
ings are taken will depend upon the uniformity
ofytheterrain. However, they must be sufficient
to'gover all phases of existing soil conditions.

Where ‘rock or other hard materials are en-
countered a drill outfit must be used and the
dépths, extent and nature of the materials de-
termined and samples taken.

Where reasonably accurate samples of materials
can be obtained they should be placed in glass
jars labeled to show route, section, location and
elevation; then stored for future reference.

The Chief of Party must plan for the borings
at the time of the field survey work so that the
necessary information is available for designing
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the profile grades; and in some cases through
swamps and rock cuts it is necessary to have the
borings made before fixing the final alignment in
order to secure the most economical location.

Auger borings can be arranged for by obtaining
men and equipment from the Maintenance or
Iiquipment Division and having their work super-
vised by men of the Survey parties. Applicatiofi
for these men must be submitted on foum requests
by the district offices to the Maintenange Divis
sion. Therefore, at least five days shoulddbe al-
lowed in advance of the work to be dghe for sub-
mitting application and making arrangements with
the Maintenance Division.

The men assigned to the wdrk mast begthor-
oughly mstructed in the logafiongnumber, and
depth of the borings to héftaken. | Accirate rec-
ords and samples of material§muse be kept.
Notes also concerningdthefature Jof the terrain,
outcroppings of rdek, springs,frunning water,
ground water tables, growth of vegetation and
any other infofmation that might have a bearing
on the naturel of the seil hust be recorded and
used in combination with the boring data.

Arrangements, fofthe taking of wash borings
and dore borings must be made with those in
chatge of the barng equipment. This work must
be suppleméntéd with the same instruction rec-
ords andidatalas outlined under auger borings.

Eor egtensive’ projects it sometimes happens
thatithé Department’s equipment is insufficient to
provide the required borings in time and this work
maist be given out by contract. This factor must
be anticipated in time for the necessary plans and
surveys to be made for the awarding of the con-
tract m order that the project is not delayed.

Throughout the soils survey close cooperation
must be effected with the Soils Engineer or his
assIStAnts.
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CHAPTER IX
BRIDGE SURVEYS

o All bridge structures with spans of 5 or greatef
are designed and their plans and specifications
furnished by the Bridge Division. All the necess
sary survey data for these plans must be furnished

. by the Survey and Plans Division. Therefore; LR
is necessary for a complete survey plan to be made
for each structure. This plan must eontain alldhe
information that may be needed by & designer
in the office who is entirely unfamihar githithe

. project and has not seen the site [of the proposed
bridge. N

Following is a list of such informatiomthat must
be provided for stream bridgess

Complete and accufate cross-segtional eleva-
tions of the bridge site and¥strféunding ground
that will be affected.

Complete andjaccurate, topographic survey of
all details atgom mear the bridge site that may
affect the design or €enstruction of the bridge.

A profile ofgthe sfream at least 5007 each side
of theghighway.

Qross sections§iéf the stream and banks at least

. 2000 each side of the bridge.

High water elevations.

Approximate distance of adjacent bridges on
the ‘Watetway with sketch of shape and size of
openmgs.

.. Ilocation and elevation of all public utilities
that may be affected.

An effort should be made to get auger borings
or wash borings when possible and determine soil

. conditions. Where such boring data has been
obtained it shall be placed on the plan and profile
of the Bridge survey plan.

A profile of the proposed highway at least 300/
each side of the bridge.
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Cross sections of the proposed roadway on and
adjacent to the bridge, showing type of pavement,
curbs, etc.

Ties to the highway alignment and all curve
data necessary to lay out the structure without
unnecessary computations.

The plan must show all proposed highway con-
struction details in the vicinity of the bridge.

For railroad or highway separations in addifion
to the above relative information the Mollowing
must be provided:

Elevation of the rails and cross-sectfons ofythe
tracks and banks at least 200" each [side.

A profile of the tracks for ayd@agab00" each
side.

A complete and accurategtie\ il betWeen the
highway and railroad alignments, sufficient to
avoid unnecessary calculationsgb¥ thé'desizner.

For highway separdtions“the plans must show
accurately all necesSary curve ddta that the de-
signer will need g@gealéulate the jocation of any
point on the sfructure, asywell as all other perti-
nent informatign ofitlingd for stream and railroad
bridges.

In allfcases @ycrossisection of the highway and
of thé toadway, Failroad or stream being crossed,
shalllbe shewn in detail; with all dimensions neces-
sary fonthe design of the bridge given where pos-
sible.

Where the steicture is over a tidal stream the
following additional information must be pro-
vided:

[Extreme High, Normal High, Mean High and
Mcan Low water elevations. Mean high water
lines must be shown where tidal lands arc to be
acquired.

The number of boats with maximum width and
elevation that use the stream. ,

The information collected in the survey must
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be placed on a “bridge survey plan” to be sub-
mirted to the Bridge Division.

The plans for most projects can be made in
pencil on tracing paper. Only those projects of
considerable magnirude or those that have to be
submitted outside the Department need to be in
ink on cloth. This work should be planned at
the beginning of the survey and the Chief of

Party must consult with his immediate supers,

visor and complete the bridge surv@y plans atg@n
early date in order that the Bridge Division’can
begin the design as soon as possibleg#Mueh ‘efythe
field work can be done when thé regulaphcross-
section and topographic surveyssareymade.
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CHAPTER X
SPECIAL SURVEYS

The Survey and Plans Division is often called
upon to make special surveys for specific purposes
such as drainage complaints, maintenance con-
struction, condemnation proceedings, and special
right of way matters. The making of a suryéy
map or sketch is nearly always necessagyg for these
surveys. In general, the same rules applyyto ‘take
ing topography and elevations in this case ‘as fox
the regular work. Some previous théught must
be given as to the most efficient metheds to nsé
Stadia surveys are usually the gfiost egenomical
unless extreme accuracy is required, shen thi@'line
and offset method should beqused.

The Chief of Party mast makeyhimsell thor-
oughly acquainted with{theg$peeial purpose of
the survey and securé all ‘information relative to
that purpose.

For drainagegSurveys) and investigations par-
ticular attentidn maist béypaid to the drainage
areas, and any chéngesfthat have been made or
proposedgthap, will afféct this area. Also note
should, be made)ofany damage that may have
been dome. A Dbrief history of the situation with
reférénce to, preyious conditions and changes that
have heen ‘méde should be noted. Elevation of
all conneétionsy inlets, and outlets must be se-
cured. A ‘compléte tie in with highway right of
way imist he made, and where there 1s a prob-
ability of easements or property to be acquired,
the necessary right of way data such as owner-
ship, property lines, etc., must be obtained. In
most cases 2 map and report covering the survey
and investigation must be made. The map should
contain all topographical and terrain features
‘mecessary to give complete understanding of the
problem, and the report should clarify aud de-
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scribe the situation and give recommendations for
improvements where called for.
The Maintcnance Division often requires a plan
. to carry out maintenance construction projectsd
The Survey and Plans Division is usually re-
quested to prepare these plans and stake out the
work for construction.
Full information should be obtained as tothe
. nature and scope of the work to be donedbeforés
beginning the survey. The same€eare and de-
curacy should be used in making cheselsurveys as
on the regular work, however only 4lfé neccssitics
for the construction plans or thé right “ef, way
. plans where required need begconsidered since
this work is done by the maintenanee, forées and
no contract drawings need be made. For'the pur-
pose of filing, the plansghuldde mnade on stand-
ard size sheets. Keyfmaps_andpstandard details
can be omitted, but complete estimate of quanti-
ties must be grven.
The titles shown\on thesegépecial plans must be
such that théy ean be properly filed with the cor-
rect route fand séetionmumber given as well as a
name that'\will’easily identify and locate the pro-
ject.
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CHAPTER XI
RIGHT OF WAY SURVEYS

In addition to the surveys for construction plans
it-1s necessary to gather special information and
survey data for Right of Way plans, iec., plans
for the acquisition of the property needed for the
proposed project, such as The Entire Tract maps
General Property Key maps, and individual Prép-
‘erty and Condemnation maps. Such ddta an in-

formation are also to be used in drawitg lesdl
contracts, description in instruments Gf cofxeya
‘ance, also by appraisers, negotiators,[title cxau-
iners, and condemnation commissioners: Finally
the resulting maps and documénts willhbe fled
for the various County records whére they will
be available for use by private sifveyors and en-
gineers engaged in publigfwork, titlegcompanies,
assessors and others.
- This information mnst include dacts regarding
" ownership, titles, roid teturns and other data used
i all instrumene§ofpreeord. The work on loca-
tion must inchide a sirveydef all physical features,
direct informatiendfrom ®wners and residents, and
any otherfddta presentdthat mipht have influence
o property aequisition.

Titteland ownership searches and reports are
usually made by men specially assigned to this
work and 2§ @ rule the Chief of Party nced only
concern himselfywith such Right of Way SUI'VEYS
a§ean be made'on the site of the project. Where
Sichjuén have not been assigned the Chicf of
Party should consult with his supervisors and
hawe such an assignment made. ¢ may some-
times be necessary for one of the SUIVEY COIPS to
be selected to make the owuership scarches and
reports.  When this happens the Chief of Party
must see to 1t that he gets full instruction in the
‘nature of duties from the Right of Way and Title
- Departments.
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Nearly all the survey data on location for right
of way plans can be obtamed and recorded by
the survey corps taking topography and cross sec-
tions. Therefore, these parties should continually
bear in mind that not only data having a bearing
on the construction plans but also data that will
influence the right of way acquisition must also
he collected. This work must include theWa
curate location of property linesygside Mines of
roads, monuments designating property. lines,
streets and highways; location of buldihgs; show-
ing type, size, and condition; alsofsuch detarlsias
shrubbery, trees, steps, walls, overhanging perches,
ctc. The survey corps must eXergisgycare and in-
genuity in ferreting out propepty comers and
monuments and also indinding privite utilities,
such as water, gas, orglectrie gonduits, as well as
odd drainage and sewleragegf@atures such as house
drains, road draifig, wells, cesspools, abandoned
wells, hasins, et&

Any of thesegfeatures might be an item in right
of way negetiation.

Where the exteriofdlines of any physical struc-
ture gOfiies near thg estimated censtruction hmits
or close to the fight of way line all measurements
sHall. be made as accurately as possible. Where
this i$idefinitely not the case measurements to the
nearest feot will be sufficient. In the former case
such Mocagions should be made by actual right
angle offsets from a base line which will be parallel
toOr casily tied in to the right of way lines. In
the latter case stadia or other normal location
methods may be used.

All members of the party should make close
observations with the idea of discovering any ir-
regularitics of actual property holdings such as
existing gores or overlaps which often exist in
the field but are not shown in the records. In-
quiry should also be made as to recent changes
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or contemplated changes in ownership of prop-
erties in the vicinity. Such checks and cobserva-
tions will often save valuable time in preventing
the necessity for redrawing maps and descriptions
and holding up negotiations and condemnation
cases.
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CHAPTER 1
GENERAL INSTRUCTIONS

In order to build proposed highway projects,
plans and drawings must be prepared showing des
tails of the work to be performed. These plans
must show clearly and accurately all informatio
necessary for the engineers to lay gut thg proper
grades and lines necded by the contraetor’s fofces
to build the project as planned. Theynust also
show all information necessary to fnform the cofi-
tractor of the nature and extent\of the work to
be performed in order thatglie may, bid intelli-
gently. In addition to thi§ thegplansiage to be
used by the Right of Way Degarrmgnt in deter-
mining the effect on gad;acent propértics and 1n
showing conditions before afid after construction.
Public utility confpanies must jalso be given sufh-
cient jnformatiofiiwhen theicdécilities are affected.
After construétion of the project “as built” data
will he plaéed om theytracings which will be filed
as a record off conditiéns before and after con-
struction:

Tthe plans, exéépt in special cases, will consist
of‘a title sheet, one or more sheets showing typi-
cal seetions/and a list of estimated guantities, a
take off 8i€ct gencral plan and profile sheets, cross
section sheets, earth work summary, detail sheets
of special infersections and special structures, lay-
dut’ and tie sheets, standard detail sheets, and,
where necessary, sheets of bridge plans and de-
tails. All contract drawings shall be on standard
sized tracing cloth shects 227 x 36”. Plan, profile,
and detail sheets are to be cut to size and given
the proper border lines in the field offices. Stand-
ard cross scction sheets will be furnished by the
Department.

Before starting construction plans for a project
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under his supervision, a Chief of Party must se-
cure several sets of the latest plans of projects
similar to the one he is about to begin that have
been previously completed and approved. He
must study these plans thoroughly noting the
make-up of the title sheet, general arrangement of
plans and details, also methods of showing con-
struction details and itemizing and listing quan-
tities. He must make certain that the draftsufen
and designers who are to make the drdwings/and
designs also study the plans thoroughly iy regand
to arrangements and extent of the derails) and
items to be shown, as well as the tedhnique and
methods used.

He must also secure, study, afid make, certain
that the draftsmen and designefs undér his'$tper-
vision have in their possession‘and study copies
of “Payment Items for Cénstruction Céntracts”,
“Pipe  Designations”, “Standafd Specifications”,
and other special instfuctions that may be issued
by the Departmedt) affecting gflans and plan
items. The nomefiglatiie and order as given in
‘these instructighs shall béyfollowed in making up
the plans,
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CHAPTER 1II

PLANNING, TIMING, AND COORDINATING
THE WORK

In order to secure maximum efficiency in com-
pleting a set of construction plans, a Chief of Party
must do a great deal of thinking and planning
regarding the coordination of the work. Inas-
much as the size, type, and nature of Highwax
projects in New Jersey vary greatly, no/definite
procedure can be established. However, some
general ideas of planning the work ‘can ‘be fol-
lowed.

The forces available must have work proxided
for them at all times. In ordéfite do this, office
work must be provided forfrainy/weathef. This
means getting part of thecross séction and topog-
raphy taken as soon a8 possible.

Where permanent ¢ffice fofegs @re available and
where office and fleld Werk can be carried on at
the same time, thie designers afid draftsmen should
immediately gproceed with™ preliminary sketches,
transparenéies, estimates, and investigations of
special prablens$, such a8 grade separations, special
interseetions)l and bridge layouts. I'or widening
projects and eomméctions to former work, skeleton
pldn sheers ‘€an be started at the time the survey
is started. Skeleton Right of Way plans can also
belstarted®almost at once.

Tt mustnbe kept in mind that bridge survey
plans ‘must)be given to the Bridge Department
aséoon as possible. Therefore, designs affecting
bridges should be given first priority where pos-
sible in order that bridge plans keep pace with
the road plans.

Searches for the names of property owners, lo-
cation of property lines, and preliminary title
data must begin at an carly date in order that
right of way plans also keep pace with the road
plans.
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Bearing in mind the many operations of a sur-
~vey and plans project and any time limit that
may be set, a Chief of Party should, at the be-
gimning of the survey, make out a complete
schedule of the work coordinating the various op-
erations with the forces available for maximum
efficiency.
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CHAPTER III
ESTABLISHING BASE LINES

Before proceeding with the layout of the plan
work and right of way key maps, definite base
lines from which to work must be established. If
possible, these base lines should be planned be-

fore the field survey begins and the topography

and cross sectjons based on these lines wheft taken.
However, in some cases where the ‘design)isdiin-
decided before this can be done, survey hnes must
be used that are not switable as bae lines forlag-
ing out the plans and right of way.

When the general design has beepydecided on,
aJl construction base lines shoulddbe fixed as soon
as possible in order thatgthe esfss sections can be
taken from these linesl” ThiS maked the plotting
and the drawing of (the finished sections much
simpler. Construgtion base lines should be fixed
with the idea ofSgimplifvinghe design and draw-
ings as much@sypessible. For this reason in the
case of an ndivided highway where the travelled
roadway 18 \tofbe ofi the center of the right of
way, stbépcenter line of the right of way should
be used as'the'bdse hine for both the right of way
and eonstruction.

For dual hishways two base lines for construc-
tiompmust be used. These should be the crown
lines\ok highest points of each roadway, which will
also bc'the grade lines or profile lines. Where both
roadways are to be at the same grade only one
profile necd be shown, but both profiles should
be shown where the grades differ. The selection
of construction base lines for ramps and connec-
- tions often presents a problem that needs careful
studying and consultation by the Chief of Party
and his supervisor. Tt must be a line that makes
as easy as possible the design of the cross sections
as well as other features and at the same time
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'make as simple as possible the staking out of the
project for construction. Therefore, it must be a
line from which the stations and offsets of con-
struction details can be readily obtained. Tn most
cases the center lines of the ramps or connections
can be used to best advantage. However, other
auxiliary lines are sometimes necessary. Al base
lines shall be prominently marked on the construes
tion plans,

These designations on the plans shall'Be, similag
to the following:

Construction and Profile Base ling for nésrh
bound or east bound, etc., roadway.

Centerline of existing R.O.WEBasé& Line dor
construction and R.O.W,

Centerline of Proposed HighwadBase Line of
R.O.W. ~

Ceuterline of Existing Pawvéinent-Base for con-
struction.

Centerline of Ramp “B”-BadéLire for constrie-

tion and R.O. WS
Centerline of Cofitiecting Road-Base Line for

R.OW.

Curb e of, Maple Ave.-Base Line for con-
struction and RIO.W.

Base Tmes for/the acquisition of property must
be fixedyandshéwn on both the construction plans
and all ‘might 6f, way maps.® The two main ideas
topbe kept'in mind in fixing right of way base
linesyisgthat first all property lines can be readily
tied) into this line and property descriptions sim-
plified. Second that this base line is to be
permanently monumented and therefore must be
located so as to be readily adapted to this purpose.
For other details of Right of Way Base Lines sec
“Right of Way Plans.”
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CHAPTER 1V
TYPICAL SECTIONS

. Before beginning the design, particularly thé
cross section templates, the Chief of Party must
consult with and secure from his supervisor the
proposed cross sections of all the uniform and
standard portions of the project including all_con-

. nections and ramps. These shall be draph to

' suitable scale in pencil on detail€paper. They
must then be checked carefully and placcdiat the
disposal of the designers and plottcss™for rcference
in their work.

. These sections are called “Typical\Sections®and
must be shown in detail in the constenetion plans.
For uniform or small proje¢ts wiiere three or less
are to be used they canfually be made part of
the Estimate of Qnafitity shegta@When the list
of quantities has dbeengdétcrmined they can be
traced and spaged properly. £ 'Where there are
more than three typical se@tidns to be used it will
be necessaryfto use one entire standard sheet. In
some instdnces @f complicated design two sheets
for this_purpe$e may be nccessary.

Thse Bypical seftions must show all detailed

e dimensions giving clearly the relative location of
¢ach point on the section by a reference to a level
line througll the profile grade. They must also
givehclcarly the followiug information: depth and
exteuthol topsoil; rate of side slopes for various

. types of cuts and fills; depths and widths of var-
10s types of pavements, shoulders and subbase;
location of guard rails, curbs, sidewalks, pole lines
and right of way lines; and location of pay lines
for rock and wet excavation. Under cach section

. must be noted the stations between which 1t ap-

plies. The scale of all drawings must be shown.
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CHAPTER V
PLOTTING TOPOGRAPHY

One of the first operations in preparing plan
sheets is placing thereon the existing topographio
features of the project. This information is ob-
tained from the field note books of the topographic
survey and also, in many cases, {rom existing plaf
of former State, County or Municipal survey4.

It is not always advisable to follow the $amé
procedure in this operation. The natuse of the
project, the forces available, and theftime limit
imposed will all have a bearing on the methods
employed. For those portionsg@f the, project
where the highway is to be mordor less of a ggand-
ard design with no complicatiens, the tofography
should be plotted in pengil direct fromdthe note
books to the tracing cloth,. HeWever,where there
are grade separationsfand“ether complicated de-
signs it is necessaryto plot fisgdon detail paper
in order to haveamplanhof thé design complete as
a whole and al§o to enable sketches and maps to
be made for preliminaryglayouts and designs.

The Chiefpef Party must observe and check at
frequent{intervals theanner in which the plotting
is beidg done, making sure that the proper scales
aredbeinghused; that the alignment is properly
arranged; ‘that'the work is sufficiently clear and
readable te bédtraced or inked.

Lt 15 not necessary to check the accuracy of
the plotting of all topographic details, but suffi-
cient checking should be done to make certain
care 1s being taken and that all critical features
affecting the design and estimate of quantities are
carefully checked.

Existing topography should be inked or traced
~~before any design work is placed over the pencil
" work.

The names and notes to be placed on the plans
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must be carefully thought out in advance by the
draftsmen and designers. It must be kept in mind
when thc names and descriptive notes are placed
. on the drawings that the proper space be reserved
for construction notes. Proper names should be
capitalized and no more space given to them than
necessary to bring out their purpose. Other notés
and lettering should be clear, concise, and read-
. able. The sizes of lettering for the varicusfplacedy
' and details are shown in Part II, Section 1.

All topographic symbols or legend shall be shade
clear and simple. All notes, linesgrandysymbols
shall be unmistakably clear, simple, and readable,

. even under adverse conditions, for it must|be re-
membered that road plans aré to besised in dimly
lighted offices and out on/[€onstfuction jobs.

N
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CHAPTER VI
PLOTTING CROSS SECTIONS

In order to establish grades and profiles, cal-
culate earth quantities, design drainage structures
and furnish other incidental information for a
Highway Construction project it is necessary to
first plot cross sections of the existing ground eles
vations. These are plotted from the cross secfion
note books, first in pencil on standdfd traeing
sheets furnished by the Department and then
inked in before adding to them any of gHe desiens
or templates of the proposed work.

This work should be begun as_seen\as possible
and can usually be entrusted # the less exfrer-
tenced members of the party after cafefulanstruc-
tions.

A Chief of Party must give considégable thought
and planning to several item$ in relation to cross
sections. First thegseales to bedised should be
- given carcful considerasion. €¥oss section sheets
form a large paft of 'a$er of construction plans
and often make thém toodvoluminous to bandle
as well as adding éensiderably ro the cost of print-
ing. Thérefore the,seles and sheets should be
selected and argdnged so as to keep the number
to geneeessary minimuim. [t is not necessary to
use the, same sdales throughout the sections but
the scales should be clearly marked on all the
sheets sol there gan be no doubt.

Where the stripping method is to be used for
measuring areas the scales must be 17—35’ for
smaller sections or 17==10" for larger sections.
The horizontal and vertical scales may differ in
special cases, but shonld be carefully labelled.

Where the “machine caleulation method” (see
Part 11, Sect. 2 E) for calculating areas is to be
used the scales should be reduced as far as pos-
-stble without causing crowding or confusion of the
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written elevations. Scales 17==20" or 17=25' can
usually be used under this method.

Both these methods can be used to advantage
on some highway projects, but in general the
“stripping method” is more advantageous on
small or light sections, also on special and irregu-
lar sections, while the machine method will saye
much time and space and is more accurate on the
larger standard sections.

The spacing of the existing groundysectigns must
also be given careful planning, espeeially ifd'the
“stripping method” is to be used. Fhe, Chief of
Party must estimate carefully afi approximate
profile from a general study of{the ground in
order to give proper instructions sgypthe plotters
to avoid wasting space or [erowding &getions to-
gether when the designedghigh#ay t@mplates are
added.

The general arrangement ol the scctions must
likewise be careffilly studied in order to make
them conform €6 the propesfbase fines and sta-
tions. ClaritgMand)ease of locating the various
sections infthe plansghould be the main objective
in arrangement, March marks sometimes have to
be useden Jarge sections, but should always be
cleatly matkedw@nd used as little as possible.
Wiiere plausiand cross sections are irregular and
complicated, the cross section, plan and construc-
tion, det@i!? sheets should be cross referenced at
the Bortom of each shcet designating the sheet
numbers corresponding.

All plotting must be carefully checked with the
names of the plotters and checkers placed on each
sheet.
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CHAPTER VII
GENERAL DESIGN

Designing and drawing the plans for a highway
project is a serious and responsible job. Carrying
out these plans usually involves the expenditure
of large sums of money as well as taking responsi-
bility for service and safety to the motoring pub-
lic. Thercfore a great deal of time, study, 4nd
thought must go into the many phaséshof High-
way Design,

Highway projects are so variable thiit a Jarge
portion of the plans cannot be standardized and
must be designed to fit existing conditiohs. Many
details go into a set of construcfion pf&s. Some
are standardized and duplicate tradings @f these
can be obtained and incorpératedfinto the plans.
The Chief of Party mustffamiliarizeslsimseli with
what details are to be furmiShed and also with
Departmental standards for otherddetails and usc
these wherever possible.

Economy, saféty, convenience, and utility must
be studied and baldnced @gainst each other for
all the details offdesign, There can be several
solutionsfto ‘mibstidesigns, but usvally only one
is thegcorrect ‘@nswer. It is the highway en-
gineer’s\job to find this answer.

In‘gencraballétudy sketches, preliminary plans,
special plans'@r any studies that are to be worked
on, or sentyout for study and approval shall be
made onftracing paper or cloth so that transpar-
eneics and prints can be made for further study
and distribution.

The order in which details of design are taken
up is of considerable importance for the efficient
and orderly progress of the work. Much work will
have to be re-designed if the details are not made
to dovetail properly. No definite order of pro-
cedure can be set up that will apply to all pro-
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jects, but in general for regular highway design
the establishing of grades, base lines, typical sec-
tions and cross-section template will Tollow in the
above order. With these established drainagé
structures, intersections, curbs, slopes, slab lay-
outs, and other details can be designed in their
proper order. Care must be taken not to pro-
ceed too far with the details of any designsphe-
for a definite approval from the supervi§or ha
been obtained.
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CHAPTER VIII
ESTABLISHING GRADES

The grades for highway projects may be di-
vided into four parts: the general profile grades,
profile grades for ramps and special intersections,
curb grades, and gutter grades for special drainage
problems.

The general profile grades must be thoughtfut
thoroughly and diligently with many€eensidera-
tions in view. First the rate of grade itself mugdt
be considered. “Geometric Design Sfindacds®
shown i Part 2, Sect. 2, Page G, should be'ad-
hered to where possible; but it is desizable to keep
grades nearer the mintimum rathér thanthe maxi-
mum in order to increase safety ap@ reduee op-
erating costs. [t will somegifiies b€ necessary for
economic reasons to estabfish gradesyoufside these
limits.  In such casesythey@hicl ‘of Party must
consult with his snpetvisor to degérmine the eco-
nomic justification,

Sight distangés afe am important feature of
safety.  The[ Highway 3Department “Design
Standards”_for,sight distances must be stud-
ted thordughly. Alsoffor Paikways and TFree-
ways, special design requirements are sometimes
desiedi A\ An endeavor must be made to comply
withitheselrequitements. Where they are difficult
to meethbecause of economic or other considera-
tions, it may berecessary to lower the standards
bug, this/should” be done only after a complete
studyét the problem and when the approval of
the lsupervisor has been obtained.

Consideration must also be given to aesthetics
in fixing the grades. Carcless fixing of the pro-
files often mars the symmetry and beauty of many
good highway alignments. Short reverse vertical
curves, low points in cuts and summits on fills,
and bad combinations of vertical curvature and
horizontal curvature must be avoided. In fixing
1948
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or checking the grades a Chief of Party must try
to visualize the scenic effect of these grade changes
by comparing them to some similar situation al-

. ready existing. There are in existance throughout
the State many good and bad examples of the
scenic effect of profiles.

Fixing the profile grade in relation to drainage

® and soil conditions js of great importance 1N SGERE:
ing a lasting and economic designe Dufing the
course of the field survey a Chiel ofyParty must
study thoroughly all ground and drainage cendi-
tions visible, as well as the boringldata ebtamed.

. I{e must obtain high water and high tide eleva-
tions, estimate the size and@vertigal clearances
of drainage structures, and secufe clevations of
possible outlets.

Wherever possible grades_shoulddbe kept well
above ground water ‘andgthe best soil strata fol-
lowed in cuts. Féllowing too glose to the surface
where top soil “@r) other gnférior soil 1s present
should be aweoided.» In such cases it 1s usually
better to keep avell ‘@bove or below the surface.
Low points\mfist bg kept high enough to allow
suffici@htherades for storm sewer outlets. In the
vicifiity of streams or tides the highway should

. be'kept suffigiently above high water to prevent
flooding and damage to embankments. Five feet
abewe meéan high tide should be the minimum for
the low point of the profile unless important eco-

. nomie considerations deem otherwise.

Another very important consideration in fixing
highway grades is making them conform to the
necessary clearances for bridges over streams and
rivers and at highway and railroad separations.

. At an early date the Chief of Party must secure
from the Bridge Division or his supervisor the
necessary clearances for such bridges. The pre-
liminary data submitted to the Brnidge Division
must be sufficiently complete to enable them to
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make a reasonable accurate estimate of the neces-
sary thickness of the bridge decks and the proper
clearance at the “tight point” of the profile. The
grade may then be established with a factor of
safety of about two inches. Any slight deviation
that occurs in the actual design can be readily
adjusted.

Property damage is also a very important factoss
Of course other more important consideragions
often make it impossible to avoid propetty dam<
age caused by the highway grade, but manyitimes
with the proper study and investigatig, propesty
damage resulting in considerable cost to the Dex
partment, as well as adverse critigism ffefn owners
and the general public, can bdg avoided. “There-
fore, it 1s necessary to comsides! this | damage
throughout the project inffixing profiles§” The ef-
fect of slopes on trees, walls, Jawns, porches, utili-
ties, driveways and (buildings must be studied
thoroughly. Such Studies mustgalso be made on
mtersecting streételand, highways where grade
* changes are tofbe made."When the profile of the
- existing ground is glotted] elevations of these vari-
ous featur@te be considered shouid be shown, so
that in (desigming the& grades and calculating the
tops_and, bottoms of slopes the resulting effect of
the‘slepesican be seen. In some cases where dam-
age may, be §8f1ous and accurate limits are neces-
sary, cross, se¢pions shonld be used to determine
exact slogpe Limits,

Econoimy of construction in grade design must
belkept constantly in mind in designing grades to
fif 'the various other considerations. Costs of
earthwork, drainage, and drainage structures,
slope protection and maintenance must be esti-
mated and continually balanced against other
considerations. Many times it will be difficult
for the designer to know just where to draw the
line between economy of construction and utility,
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salety and good appearance, since it is desirable
to meet not only the required standards but to
make the grades as good as possible within rea-
sonable economic limits. Much thought and
study must be given to this phase of comparative
values. Supervisors must be consulted, and the
history and results of similar designs of formgr
projects studied. Future traffic needs and_real
estate developments must likewise be anticipateds,
as far as practicable in fixing grades@and these also
considered in relation to economy of e@nstrugfion.

Balancing and keeping down earfhwork ‘quans
tities is desirable but should not be allowed to
greatly influence the design. dmwill generally be
found that sacrificing good grades dor limuted sav-
ings in earthwork is neither groodgidesign nor
economy.

This fact, however/shouldmbdtpreclude a thor-
ough study of the¢dpossibility of fixing grades to
save earthworkdeosts, especidlly where rock ex-
cavation is togbe encountered. Many times all
the desirable factors'of a profile can be retained
and the gradegstill designed economically if the
propesgstudyf(is made. The designer should con-
stantly keep mgmind an estimate of the cuts and
fillsinvolved and also have located on the existing
profile, the limits of rock and wet swamp, or muck
areas, that'will have to be excavated or filled .

Sithations will arise where it will be necessary
to sachfice desirable standards in order to avoid
prebibitive earthwork costs or property damage.
In such cases or where doubt arises the Chief of
Party should consult his supervisors as soon as
possible in order that a decision is reached before
the work is carried too far.

The profiles for the ramps and conneetions
usually have narrow limitations with not much
room for choice, and standards considerably lower
than those used on regular grades may be used.
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However, these grades will require a very detailed
study in order to meet many fixed conditions and
considerations. These, although limited, must be
given the same attention and study as other
grades. On ramps aud connections the maximum
standard grade 1s often exceeded with grades run-
ning up to six per cent (and grades up to seven
per cent may be used m special cases). In gen®
eral such grades should be used where traflic is
light, with little or no truck traffic or whereeco4
nomic considerations make it imperatives. A con-
sultation with supervisors must be Had well In
advance of the grade design and the desired grade
limitations for each project obfditiedy Where
ramp or intersection grades below thie mimmium
are used, 1t must be made cestain ghat tlie lateral
grades and gutter grades afe sufficient ta'carry off
the water. Also, considdrationgfist®he given to
banking and the bledding®of thege grades with
those of the main r¢adway. Sineé grade changes
will be rather abrupt,‘and réversed in many in-
stances, considérable atténtion must be paid to
the profiles of ithe #favelledManes. These must be
plotted, studied afid smoothed out to secure a good
riding surface, Z\Whengthe profiles have been satis-
factoriby established, cross-sectional elevations for
all sikegular sections must be caleulated for 25 fr.
intervals thyeughout and shown on the plans.
The usedef e@ntours at 0.2 foot intervals on the
surface of (the pavement is often helpful to the
designerfand can be of great assistance duriug
COmSTruction,

Curb grades that are not parallel to the regu-
ldr profile grades sometimes have to be established
to meet fixed conditions, such as sidewalks, build-
ings, railroad tracks, etc. For this purpose the
Chief of Party must ascertain from his supervisor
the maximum allowable deviation from the nor-
mal typical section, also the minimum and maxi-
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mum allowable curb face. With this information
and a plotting of the elevations to be met the
curb grades can be established. However, it will
at times be found necessary to revise the regulap
profiles or work out both profiles coincidentally
order to meet the required conditions for both
" grades.

In gencral, these same considerations and meth=
ods must be given to gutter grades that méstbe)
established to carry water to fixedgoutlets where
they cannot be made parallel to the regulardpro-
files.

Throughout the designing of allfhighwaygrades
the designer must bear in mind_that thereligyust
one ideal grade for each sitfiationyand ip is his
job to find it.
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CHAPTER IX
PREPARATION OF CROSS SECTION PLANS

Plotting of the cross section templates shonid
begin as soon as the grades and templates have
been designed and approved and a reasonable as-
surance obtained that they will be final. The
method to be used in making the earthwork calcus
lations must be definitely decided upongbeforefthe
sections are plotted. If the machine dmethods
stripping method, or a combination of bothys teo
be used for mecasuring cross sectionfareas, @en-
siderable thought must be given to the scales fo
be used. The purpose for using ca€h method must
be kept in mind and a general studyémadeégef all
earthwork features of the project. An gelieral the
machine method is advanfageous for larger uni-
form standard sections to giyelfgreater accuracy
and save time and spdee; the stripping method 1s
better for irregular seetions and seetions with very
light cuts and fillsgpJthis often advisable to use
both methaods @n the same project. Careful in-
structions must befgiven by the Chief of Party
to the plogters: ¥All standard sections should be
plotted first; the irfegdflar sections remaining until
the deSigns of intersections and connections have
beedyapproved and completed. Careful timing
will often ‘sayefmuch re-plotting and calculating
Elevations must be carefully computed for all ir-
regular templates. Sections must be matched up
earefully’ and accurarely so that a complete and
aceurate earthwork quantity may be obtained.
Match marks where used should be definite and
réadily understood. Where the machine method
of calculations is to be used, sufficient elevations
and offsets must be shown to give complete ac-
curacy.

Care must be taken to show critical sections
affecting buildings, walls, driveways and other
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structures. Such details of construction as re-
taining walls, curbs, special slope protection, side
ditches, must be shown on the scctions in their
correct position. Where sub-surface structures
might be affected they should also be shown.
Rock slopes with proper pay lines (see Highway
Specifications) must be shown and marked. Cate
must be taken to see that all excavation to be\
paid for as one of the excavation items is ificluded
in the quantity measured in the Cross sectiofs.
Where excavation is included in the cost 6f the
structure or pay item, it should nof be measureds

It is not always desirable and in most cases not
economical to make the slopessofgagmoderd high-
way standard throughout. fThegeforethe” Chicf
of Party must take nothiug forfgranted but dis-
cuss the varous situafions and details with his
supervisors as they drise. gSlopesiof 2-1 in cuts
and embankments@overdll)” and 4-1 for lesser em-
bankments arc desirable and afslope of 1% to 1 1s
the required aminimum in‘etts and fills hut such
questions aé Hattening the contouring slopes for
purposes of bedutifieation, elimination of guard
rail, prewcntion of/ excessive property damage,
widefiing fob bamres, material, making use of waste
mdterial andhmany other questions need much
thought and discussion to arrive at the correct
ARNSVET,

The, design of slopes also depends on the knowl-
edgelobtaingd in soil surveys. The location of
unsatisfactory soil on the project is noted, and
Lorrow material is selected suitable for the fills to
be made. The soil conditions should be discussed
by the Chief of Party and the Soils Engineer as
to the possibility of slippage or other cut and fill
failures especially where fills are to be placed
under water.
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CHAPTER X
DRAINAGE STRUCTURES

Drainage constitutes an important and exten-
sive part of highway design. Almost every phase
of a highway project involves consideration for
drainage and the design of drainage structures.
Therefore, from the very beginning of a highwéy
survey the Chief of Party must be mindful of the
necessity of proper drainage and make 8ure \that
all the necessary information is at hand. for the
 designer.
~In addition to designing the grades and clevis
tions of a highway for drainageg manyhdrainage
structures, such as storm sewers, inlets, maiihibles,
cross drains, head walls and_severalftype§ of gut-
ters and ditches must be désigned.

Storm sewer systems (constifiites 41 expensive
and important item an@ neéd'considerable detailed
study to obtain ecefiomical and ddequate design.
First the necessitygand lextent‘ef the sewer system
must be given dareful study and much thought in
order to answer préperly the following questions:
Is the sewginceedsary o7 the safety of the motor-
st in pfeventing fleeding, formation of ice and
watergackets? s 1t necessary for the prevention
of damage to adjacent property? Is it necessary
for théyprevention of eroston and excessive main-
tenance@stsECan the normal gutters adequately
cairy the Waterlto ontlets?  Are the outlets farge
ciobigh and at the proper clevation for the dis-
“charge? These questions must all be studied in
defail fram the standpoint of economy and safety.
Sitnilar situations in previous designs must be
brought to mind and the results analyzed. Fre-
quent consultations with the drainage engineer
and other supervisors will be necessary. Much
valuable information can be obtained from the
maintenance forces and residents of the vIcinity.
All facts must be correlated and studied in order
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to determine whether each storm sewer system ‘is
a necessity or only a luxury.

Where a storm sewer has been found necessary,
the next step is to determine the size of the pipes
to be used and the location of catch basins, man-
holes, and connections. Throughout the desigh
of all drainage facilities, frequent checks and con=
sultations should be had with the drainafe en*
gineer,

Many volumes have been printedtand Many
formulae devised for obtaining thegeorrect, sizeyof
storm sewers; but inasmuch as in @ll cases'several
important factors must be espimated, a too“the-
oretical approach to the problem isnSually@ waste
of time. Good practical resultsfcan ghe obtained
by computing graphs dor rwg off and discharge
and combining them fn a charfshown in Part II,
Sec. 2, Drainage. gbhisighart with the corrections
shown and goodyjudgement u$ed in the selection
of proper rungeff and raifall coeflicients if used
intelligently and an ¢onjunction with observations
and investigatigns of docal conditions, especially
efficieney, of eX1sting structures, will in most cases,
givefresults, sufficiéntly accurate for all practlcal
pubposes. Hewever, for long sewer systems and
for eritical areas, such as low points nuder bridges
and other structures, where considerable damage
would result from failure of the sewer to carry
off thelwater, the value of “QQ” should be checked
by _the Rational Method and then applied to the
remainder of the chart. Where any doubt exists,
the drainage engineer should be consulted as soon
as possible. It is the policy of this Department
to use 18” pipes for cross drains as a minimum
size in most storm sewers that will be susceptible
to clogging by ice, snow, leaves, or sand. In some
cases where there is lirtle likelihood of clogging
and the area drained is small, 12” and 157 sizes
may be used, especially at the beginning of a
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sewer near the summit of a grade. These smaller
sizes are often necessary for the clearance of pub-
lic utlity structures. In general, however, these
sizes should not be placed under permanent pave-
ment.

The run-off factor, the slope of run-off, and the
rate of ramfall must be estimated with care. Rain-
fall data for various design periods in the cendl
section of New Jersey have been tabulated aAd a
plotting of them is shown on Part IjSee) %4
Drainage. The maximum variation fremhthese
curves for any other part of the Stafe is abeut
10%; the amounts indicated may be imcreased up
to 10% for the southernmost parf*afdydecreased
up to 10% for the northern sedtion, sith prepor-
tionate amounts for areas ingbetweeén. The time
of concentration for eachfgiven area apust first
be determined or estimatied. “IHe tate of rainfall
selected will depend én thé design period to be
~ selected, this periodjin turn willfdepend on the
- nature and exrepmmof the damiage to be expected
when the sewerfails tofometion adequately. When
this failure will catise gnly moderate damage a
ten year gpemod should be selected. When the
damage fwill belconsidérable, a twenty or twenty-
five yéar periodshould be selected and sometimes,
in eXtreme cases, a sewer should be designed to
be adeguatépunder all conditions.

In selegwing the run-off factor full consideration
must belgiventto the possibility of future de-
velopmént of the run-off area into strects, build-
ingsy and paved areas.

The run-off slope should be obtained from ac-
tual ground elevations or from an accurate topo-
graphical map.

The size of the pipe having been determined, the
location of the sewer and the disposition of catch
basins and manholes must be given thorough
study in order to get the most economical results.

1548




Bection 3—Preparation of Plans Chapter X, Page 4 -

In general, the location of all pipe lines must be e

such that the least amount of pipe is necessary;
that the grades are most efficient, and catch bas-
ins placed where they will do the most good.
Self-Cleaning Grades for pipes should be obtamed
where possible, A velocity of 3’ per second whefh
flowing %4 full is desirable. (See chart in Part I, .
Sec. 2, Drainage.) An accurate locationgof al\
utilities and underground structure§,must be de-
termined and the sewer designed to cause'as dittle
damage to these as posslblc without=toe greatly
impairing its efficiency. Location§ of rock, muast
also be determined by borings_and the logation
and grades of the sewer LconomlcaXy designed m
respect to rock excavation in trefiches @ The dis-
tance between catch basims ‘ondthe main highway
will depend on the grades, theshoulder pavement,
and the amount of drainage 1%ercepted varying
from a minimund of 300" for untreated gravel
shoulders on grades over 2%¢ to 600° for perma-
nently pavedfshulders on grades over 1% where .
the intercepted draindge is light. "
On intersecfions,l ramps, and connections, 4
carefal"stndy of the! grades and elevations must be
made in order to place the basins at all low points
on the gutter grades and at the same time pro-
vide a¥smooth riding surface. On the main high-
wayha study must be made of all low points and
the amountyofl drainage that can be expected to
collget at that pommt. It must be kept in mind
thdt a considerable amount of water can be ex-
pected to bypass basins on long grades and thus
pile up at the bottom; thereforc in many cases
one Or two extra basins must be placed at such
focations in order to avoid pondiug and flooding.
The depths at which sewer lines are laid will of
course depend on several factors, such as the loca-
tion of utilities, elevation of outlets, location in
the highway, and many others. No standard re-
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gnirements can be set np but in order to make
- economical use of reinforced concrete or vitrified
. clay pipe the cover over the pipe should be at
least 30" measured from the bottom of sub-base .
to top of pipe. Where such cover cannot be ob-
tained the use of cast iron culvert pipe is neces-
sary. This is true also where the pipe will be
under a fill of more than 12’ unless it has been
placed in a substantial cut in existing firm grodnd. ‘
In this case R. C. Pipe may be used“amder flls
up to 18°. Under sidewalks and islandy areds
where there 1s no possibility of futuré widening
or crossing of traffic, cover as shallow as 6 may
be used. Under cultivated fields shege@ver should .
not be less than 16”. Cognizante musfbe, taken
of the possibility of future widening'of the high-
way when placing sewer lifies mifcurb, /sidewalk
or island areas and thefgradcgestablished at a
safe depth when such gvidenifig takes place. Also
the fact that wheregiib-base is uséd the prepared
" sub-grade must _be “relled afid” compacted and
therefore sewersfmust béyat a safe depth in order
to avotd breaking ufider_héavy equipment.
Manholes_are\t6 be used only where necessary.
Usually @ catéh ‘basingean be made to serve the
‘purpoge! of a manhole. However, where sewer
linegywill\be inaceessible, manholes must be built .
not mere than 600’ apart where uo catch basins
exist. Onlyn cases of extreme necessity should
manholes Be placed in the pavement or the paved
part, of a sidewalk area. Where used to allow a .
breaklin liue or grade if possible, the sewer should
beldesigned so that the manhole can be placed in
af 1sland or unpaved sidewalk area.
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CHAPTER XI
DITCHES

In rural and undeveloped areas it is often eco4
nomical and necessary to use open ditches for
drainage purposes. The most extensive usc being
outfall ditches for cross drains and storm sewers,
Lateral and miscellancous ditches are also often

used for various purposes, such as lowerifig thegh,

water table through swamp areasf)draining eirt
water pockets, preventing slope crosien \indecuts
and relocating existing ditches andg#Waten, conrses
obstructed by the highway constrfiction. “@areful
study must be made of possible and necessary
grades, the capacity requipéd, andwthe type of
soil through which the ditch is td'be constructed.
The outlet and the probable préperty damage that
will be caused must also be catefully investigated
to a point where she diteh cnters a well defined
water course. Lhe cross sectioft of the ditch must
be designed not enly for capécity but with slopes

sufficiently gfablétodstand up. These slopes will
vary from' 2:14n sandy loam to 14:1 in shale

slopes_or \wogk. Ditches constructed in loose,
loam#, ofpother éasily eroded soils on grades
gredter tham) % often becomc a serious erosion
problem, espeeially outfall ditches subjected to the
discharge off an outfall sewer having considerable
velaeity. wopecial designs must be provided for
such| asesamn The Chief of Party must consult the
draitage engmeer and his supervisor in order to
obtain the best design for each particular case.
Various types of paved gutters from sod to con-
crete can be used. Several different types of ero-
sion bafiles have been used successfully. This
problem must receive considcrable study and
thought in order to arrive at the correct solution.

All ditches except those adjacent to the shoul-
ders, which arc part of the cross sections, and the
standard ploughed ditches at the tops of slopes-
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~must be shown clearly on the construction plans.

Where the standard details do not conform,
special details must be shown on the detail sheets.
When a ditch exceeds a width of 57 at the bot-
tom it shall be referred to in the plan as a chan-
nel and paid for as Channel Excavation. The
same general precautions as outlined for ditches
must he taken for channels and, in addition, cons
sideration must be given to the velocity offthe
stream and changes in the direction ‘of) flow in
relation to bank scour and erosion. At suéh
changes in direction it is frequently néfcssary to
- design one of the several forms of rip-rap slape
_protection described elsewhere. N
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CHAPTER XII
CROSS DRAINS AND CULVERTS

Where low areas, ditches, dry water courses,
and running streams are obstructed by highway
construction it is necessary to pass the water
under the highway through pipe cross drains or
culverts. Many of thesc drains or culverts wilk
also be outlets for storm sewer systemsyl Their
design entails detailed study and comsidefationfof
numerous factors, among which the follewmg may
be considered the most importantd the tequired
capacity, grades, economy of dgsign, property
damage, and walls and protectiomfrem crosion.

The capacity required muyst be eomputéd with
the same care and m the same pfannegias outlined
for storm sewers. Howlever, in thc gase of open
pipes and culverts cofsideragionimiist be given to
the clevation to which ¢h@water at the intake can
be raised belogelcausing préperty damage by
flooding lands.en the upstféam side. Many times - -
in order t@ prevenththis, structures of greater <
width than depfh muse be used. O R

Culyests ' hdving a span of five feet or more. are-
considered by thef Department . a: bridge .and
wilh be destgned by the Bridge Division. . There-
forc, Jall nceessary information must bé given
and, 2 bmdge survey plan submitted.

InMfixing, the grades of a culvert or cross drain
several) [actors must be carefully investigated.
Thefflow line must be placed low enough to drain
all'the low spots in the vicinity and possible future
storm sewers and ditches. To do this, the
Mosquito Commission and the Municipal En-
gineers should be contacted where there 1s 2 pos-
sibility of any future need regarding any plans
they might have that would affect the grades or
design. [or larger streams it will be necessary to
consult the Water Policy Division of the Depart-
ment of Conservation and Development. This
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matter should be taken up with the drainage en-
gincer as soon as possible. The grades of the out-
let ditches must also be studied carefully and a
grade sufhcient to carry the water away without
too much erosion or stoppages obtained where
possible.

The type of cross drain to be used will become
largely a matter of economy; and accurate egfit
mates of cost must be secured for the warionsfpos-
sible types, such as cast iron culvert pipes, reind
forced concrete (regular and extra heavy) eulvert
pipes, corrugated metal culvert pipedlof varieus
types, and standard reinforced concrete culverts
of different sizes. Considerable studsphoust/ be
given to all factors in order fo seleet themirost
economical design for each pagtieuldr sit@ation.

Through farm lands consideration must be given
to the possibility of ntilizingg@ulvefs as cattle
passes. Often a slighfchafige in design or prade
may save much pfeperty damage or eliminate
dangerous cattleerossings.

Standard end'wall'details are provided for pro-
tection at thelends’of eulverts and cross drains.
However, changes in this design must be consid-
ered in §ome eases togPrevent crosion and increase
efficiedey of intake and discharge. Paved outlets
and@somesimes rip-rap must be designed to pre-
vent erosion:
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CHAPTER XIII
SUB-SURFACE DRAINAGE

. The most important function of sub-surface
drainage is to take water away, or keep it away
from the pavement sub-grade. Many variable
situations arise where underdrains are needed for
this purpose and a thorough study of sou an{

. drainage conditions must be made throughout the
project as previously outlined. The, most com-
mon use of underdrains is at locations where a
roadway cuts through a scepage chdnnelior 15 snis

. ficiently close to one that capillary action, will
bring water to the sub-grades qu such' ‘eases
French drains as shown infthe standard(details
should be placed on the up-hill side In some
cases where the highwad¥ 15 a deep cut or the
crade is close to thefwatergtablegit is necessary
to place underdrams onglioth sides of the highway
in order to lower the water gable sufficiently to
prevent its reaching the $Ub-grade. _

Valuablegata €onecrning sub-surface drainage
may be derived' by _censulting people hiving ad-
jacent to. thedproposed alignment or from “High- .
way/ personnekl, either State or municipal, who

. hatse been familtar with the location. One of the
best sources |of information about sub-surface
drainageasdfound in the data resulting from the
soil_bhorings. These borings should be studied
thoroughly hfor sub-surface water conditions

. throtighout the project.

Occasionally undergronnd springs of free water
are cncountered, and if not properly taken care of
will cause frost blow ups and much damage to
the pavement. In such cases it is usually neces-

. sary to use a section of French drain to pick up
the water and a small storm sewer to carry it to
the drainage system or to some outlet. It is how-
ever better, if possible, to cut the spring off with
underdrains before it reaches the highway. It is
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‘also sometimes necessary in the case of a deep
bulibling spring to design a concrete hox structure
to enclose it in order to properly pick it up in a
drain,

Often in deep cuts seepage channels will be cut
part way up the sfopes, and, if allowed to remain
uncared for, will cause slides and formations of ice
that sometimes reach out into the highway. A%
these cases it is necessary to construet Iénch
drains in the slopes to collect the waterland lead
it into a drainage system.

A careful search must be made of tHe surrognd-
ing terrain, especially through farmlands for exists
ing underdrains where they migh® BéNebstructed
by the highway construction. Wherefsuchiafeon-
dition is found, they must _be, te-Iécated or con-
nected to the drainage system.

The whole problem of undefdram® should be
discussed thoroughly @y the Chiet of Party with
his supervisor afterdhe has colleéted all the in-
formation availablepgand studied the possible re-
quirements of ghe projeets, He should also study
© the results of similaF situations that have occurred
on previousphighway construction, and interview
maintenance men @rgothers who might have in-
formation of value. The economics of the situa-
tionishould be thoroughly studied. Often in the
past ‘wmuch meficy has been wasted by the ex-
cessive ‘and ‘blind use of underdrains as well as
damage fcatsed by the lack of it. Always the
question arises whether the cost of the damage to
be prevented is comparable with the cost of the
drain.
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CHAPTER X1V
SUB-BASE MATERIAL

It 1s the policy and practice of the Department:
to place a layer of sub-base material under all
permanent pavements on State Highways wheré
there is any indication that the soil sub-grade 15
such that the presence of moisture will reducent it
bearing value to such an extent that appfeciable
damage will happen to the pavement,

The thickness and extent of the subsbase ma-
terial will depend on the data defived frem-the
soil survey of the project. Thel| Soils Engineer
should be consulted regardinggh@idepth and loca-
tion of sub-base and the préposedddramage of the
material to be used.

In general a nominalthickness of ub-base ma-
terial will be placed, usuallygéver the entire graded
width, where no pPad setl conditions are encoun- _
tered and soils 4k more or léss uniform. Where . -
bad sub-gradémeonditions, such as hecavy clay
stratas, fre€ water, sprngy and spongy soils and
other matetialg havmg a low bearnng value are
encountered,‘additional depths of sub-base must
be placed Dalter excavating the bad material.
Sémetimes where such arcas are extensive the
Bad seils can be excavated and replaced with suit-
able, boftoWw material which can be topped with
a normal thickness of sub-base material.

Sub-base drains should be placed at all low
poifits in the grade. The desirability of using
these drains at other locations should be discussed
with supervisors. Where rock excavation has
been made under the sub-grade, the sub-base ma-
terial must be carried down to the rock surface.
If there is any probability of water seeping up
through secamy rock strata additional depth of
rock should be excavated and backfilled with sub-
base material.
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In some parts of the State, especially the south-
ern sections and on portions of some projects,
_ existing soils have vertical drainage and are suffi-
ciently stable when wei so that sub-base material
15 not necessary.  Tests of the soils throughout
each project where doubt exists should be made
to establish the locations, as near as possible,
where sub-base can be elininated.

Locations of the nearest sources of suitabie afa-
terial must be known in order to detégming the
probable cost and economy of the propésed def
sign, Where good material can be obtamed,at a
low cost, the quantity of sub-base dan be gen-
erous, especmlly on borrow projecis, " Where the
cost is high, the economy of usefshouldibe thor-
oughly considered. Extravagant usé can Semc-
tirnes be less economical thamgproeviding too little.

N
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CHAPTER XV
CURBS

® The Departmental policy regarding the con-
struction of curbs cannot be defined by any hard
and fast rules. Each situation must be studied
in light of irs particular requirements. In gen-

. eral in the case of vertical curbs it is custofnd
to construct curbs on heavy grades where full
width pavement is constructed; whereycity stiéets
already curbed have become part ol _the highway
or its connections; on ramps an@ intersections

. where full width paving is used; at|locations where
there will be considerable parkingand pedestrian
traffic; and to replace existing eurbsiwhere re-
moved. In the case of sleping curbs or island
curbs it is the general golicy to placefthe standard
sloping curbs around(island§fiy ifitersections and
at such places whére traffic will be heavy; where
protection to th@Traised island will be needed; or
to make thegslands, more visible.

The Chigf of Partyishould gather all facts perti-
nent to each pfoblem @nd consult his supervisor
beforegbeginiing the detailed designs and final
crosé sectioms.

. The standard designs as shown on the detail
sheets, for both vertical and sloping curbs must
behusedpeediere possible.  However, it will some-
timesabe fiecessary to vary the curb face of verti-
cal curbs mporder to mect the grades of existing

. sidetvalks and buildings, but the minimum face
should not be under 5 inches nor the maximum
over O inches, except on Bridges where a 107
curb face is usually standard. In municipalities
where any change of the ordained curb face 1s

. made the municipal authorities should be con-

sulted.
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CHAPTER XVI
SIDEWALKS

The policy in regard to paved sidewalk con-
struction is very much the same as that for curbs.
In general they are to be constructed where the
pedestrian trafhc warrants, or where Federal regu-
Iations require them. The type of pavement 6
be used may be taken from the follewing fist:
gravel, cinders, stone screenings, fine slaghbittimd
inous surface on gravel or stone, soil cement,con-
crete, or concrete.  Iach situation myst be ther-
oughly studied and the type used that is best
suited for each particular case, gonsidering par-
ticularly the amount of pedestrian traffic, theffoca-
tion of the sidewalk and econemw, of construction.
Where connecting to, orgbuilding,on_smunicipal
streets, local authorities should bg\consulted.
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CHAPTER XVIT
GUARD FENCE

. Guard fences should be constructed primarily
for the protection of the motorist; to prevent ve-
hicles from going over heavy embankments &f
mto obstructions where the damage to the vehicle
. or its occupants will be greater than that 808
by the contact with the fence itgelf. I many
cases less damage will be caused ifthe welicle
runs over the slope, or embankment linstéad of
striking a guard fence, provided ghe slope Is'flat
. enough or sufficiently low to prevent a‘wehicle
from turning completely oven
Considerable thought and studg museghic given
by the Chief of Party to_thes¢'marfers. Guard
fence should be built ofily where definitely neces-
sary, for it 15 an expefisive a@mhaving high main-
tenance and replagemenit, as well as high initial
costs.
Where embankments afe"not over 10 feet high,
it 15 more geonomicah to widen sidewalk areas or -
use a siopeé of 441 ordlagter. Sloping and widening -
should.be limited to/arcas where right of way costs - -
are reasonablelandmot attempted where such costs
. ar@very expensive and where considerable prop-
erty damage will result.
‘The hamire and distribution of the earthwork
on‘@pproject will also affect the economical use
of guard fence. Where there 1s an excess of ex-

. cavation, sidewalk areas should be widened and
slepes flattened to elimmate as much fence as
possible.

Beautification of the project should also be kept
in mind when using guard fence. It should be
. avoided wherever possible where it would be an
eyesore or obstruct natural scenery or beautifica-
tion.
It is often necessary te include in the contract
an item for temporary guard fence to be used to
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eliminate danger during the course of construction
or at the end of an uncompleted project. Such
fence should be of the wood type selected from
previous designs to fit the required purpose.

It is also necessary at times to design extra
heavy guard fence where there are extremely high
and dangerous embankments or along Railroad
tracks and electrified utilities. In such cases the
Chief of Party should consult his supegvisorfand
a design to fit the situation selected.

A standard guard fence detail plan is_lurhished
by the Department and the designer ghould ghor=
oughly familiarize himself with its use, methods
of construction, specifications apd“itengs, of pay-
ment.
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CHAPTER XVIII
SHOULDERS

® The term, shoulders, in connection with high=
ways is taken to mean that portion of the graded

width of the roadway not ordinarily used by mag-

ing traffic but constructed for parking, drainage

. or emergency traffic. It is usually paved wm*
materials inferior to that used in the pavément®

the regular lanes of travel. Varnable conditions

and needs occur on each project as wellhason dif-

ferent projects. Therefore somé thought and

. study must be given as to what type of shoulder
is best fitted for each situatigRiplgyis the poliey

of the Department to consgruct sorne type of im-
proved shoulder on all_state Mighwélys and im-
portant connections, 4lhe type of materials that

are most economically available®as well as their
suitability should®e caféfuliy looked into for each
project. Samplgs'and informétion as to available
quantitics ofgsuchiymatertals as gravel, slag and
broken stghe or stone screenings should be se-

cured. Wheredonsiderable water must be carried
alongthe shotlder gnd on grades where the veloc-

ity of flow Willgbe high, it will be found eco-

. ndmical to\gonstruct a more permanent type of
shoulder such as bituminous concrete surface

course ongd rravel or stone base, or cement soil
stabilizedhshoulder pavement; and in some ex-

treme @ases full width pavement and curbs can be

. used,

situations occur in urban and suburban areas

where there will be considerable traffic and park-

g on the shoulders. Some thought should be

given to the amount of such trafiic and the ad-

. visability of constructing a permanent type shoul-

der or full width pavement. The departmental

policy for full width paving in Municipalities as

outhned on Chap. V, Page 1, should be followed

where possible.
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The Chief of Party must collect all available
information, make a thorough study of these va-
rnious problems and consult with his supervisor
until a definite solution is reached, .
A detailed section of each type of shoulder used
must be shown in the plans and the location and
extent of each clearly marked.
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CHAPTER XIX
SLOPE PROTECTION AND BEAUTIFICATION

It is standard practice of the Department té
protect and beautify highway slopes and unpaved
island surfaces with top soil and seeding. This
must be kept in mind when plotting the crogs-
sections templates and the bottom of the topgsoil
line shown since the top soil will not be idclude
in the earthwork but paid for as afgeparate itém.
Two types of top soil are used, classedjas tep soil
6 thick and top soil 4” thick. Th&former is, to
be used on island surfaces and ofi unpaved, side-
walk areas in urban sections of the}g)roject. ‘The
latter is used on nearly all slopes anden sidewalk
areas outside urban sections., Eseeptions to these
rules may occur i cas@swhére a large amount
of top soil is to hefstrippedifremt the existing
ground surface and, theggbantity will be suflicient
to construct 67 top soil on ghe island and em-
bankment slopes in filis.4fn such cases the 6”
thickness should be used in order to save borrow
material a8 wellfas getsing better protection.

Along withfsecding of the slopes, consideration
and ghought ‘mnst e given to erosion and slides on
the slopes, @specially heavy cut slopes over 127
high., The nature of existing soil, probabilities of
water 8eepdee, and the run off and discharge of
draghage water down the slopes must be carefully
studied; andywhere there s a strong probability of
dam@ge, some preventive construction details
must be designed, such as bench cuts 1n the slopes,
diversion ditches and inlets at the tops, storm
sewers and paved gutters down the slopes, under-
drains to cut off seepage, sodding of slopes and
other details. The Chief of Party should familiar-
1ze himself with similar situations of past work
noting failures as well as successful operations;
also consult maintenance forces and others who
have helpful information. Above all, these de-
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- 'signs must be made permanent and adequate, for
water soon finds the weaknesses of inadequate
structures and renders them useless.

Along with slope protection consideration must
also be given to beautification of the highway.
Opportunities should be used where possible, for
blending the normal sections of the roadway and
slopes with the surrounding ground by rounding
slopes, filling up depressions, eliminatingunsightly
conditions, regrading and seeding abandehed pors
tions of the roadway, and protecting trees, and
shrubs outside the roadway limits. THese detajls
should be worked out in consultation and ‘cé-
operation with the landscape or pafkWayengincer.
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CHAPTER XX

WET EXCAVATION _
. AND EMBANKMENTS OVER WET AREAS

It is necessary on many projects to build a por-
tion of the highway over marshlands, swamps ard
other wet and mucky areas. These situations call

. for careful surveys and a collection of infopfation,

' necessary for an adequate designgand éeonomiic
method of procedure. Borings mustibe takén of
wet areas to determine the depth_and matuse of
the mud and muck in order to find the lingjof firm

@  bottom upon which the embankment can be stabil-
1zed. In making such boring$ careNmust be taken
to penetrate far enough intg whagmay be'thought
to be a firm bottom to_make\sdre it is not a com-
paratively thin layer #ith more,muék or soft ma-
terial underneath. Augerfborings may be used
for depths up to 30'ft. swhere materials are not too
dense. Otherwise wash benifigs must be made or
samples takenliby ithe Porter sampler or some
similar method,

The usual ntethodfused for constructing a stable’
roadwayhover, wet! and muddy areas is tbe re-
moval of ‘the “unsuitable material by excavation

. o dredging, and back filling with suitable ma-
terraly, However, in special cases where the muck
hagyconsiderable depth or disposal areas are lack-
ing ‘the “sand drain” method of stabilizing the
muck 1n place may be more economical.

. When all pcrtinent information has been se-
cured, the Chief of Party must consult his super-
visor about the method of procedure and the na-
ture of the construction to be employed in each

. individual case.

In nearly all cases the removal of wet excava-
tion is a pay item and the payment is made on a
cubic yard basis. Therefore the pay lines for this
excavation must be well defined, and definitely
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‘marked. The location of these pay lines will de-

o pend a good deal on the depth and nature of the

material. The fundamental purpose being to get
sufhcient embankment down to firm bottom to
support the roadway. Consideration must also be
glven to the practicability of working to the lines
given from the Contractors’ view point.

A thorough study must be made of all factors
and consultations held with the construcgion
forces, the soils engineer, and supervisorsy, before
any definite pay lines or slope lines are fixed,

Final payment for wet excavation m@y be'paid
for on the basis of borings taken after|€ompletion
of the fill. The amount allowed beifigsthat which
15 displaced within the limits 6f the payplifies.
However, in shailow wet material afid where the
hydraulic dredging method”of removaldis used,
the quantity can often be measufed By cross sec-
tions at the time of egeavation, just prior to the

- placing of the fll. @This method 1s more eco-

"nomical and accusate and should be used where
" feasible,
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CHAPTER XXI

INTERCHANGES, INTERSECTIONS AND
DRIVEWAYS

Highway intersections are of many types vary-
ing from simple entrances and exits at grade t6
complicated grade separations with multiple in-
terchanges. It is not the purpose of these Strues,
tions to go into the purposes, methods and uses
of highway intersection or interchafige demgn
These functions belong to designiffe" énpgineers
and those in charge of offices and distriets,

It is the function of the Chiefsof Party to super-
vise the making of the detailed drawingsffom the
general design plans that hayvé beefl approved;
also to collect and tabirlate “all, the secessary in-
formation related to(eachgpfoblém of design so
that the designer’sfinformation gan be as complete
as possible. Thiglincludes shéwing the results of
traffic countsgand types of trafhc for all directions

and turns,fthe possibility of increased traffic by - :

reason of new develepments or other reasons, and
traficgspeeds' to bel cxpected. This information
can (be ohtaineédgfrom the Division of Planning
and FEconomics. Possible drainage outlets, and
othegspecial information as well as the complete
ropegraphi€al survey of the location of the pro-
posedhdesign must also be shown.

A tabulated list of information to be submitted
with each intersection study plan is shown on the
memorandum of instructions shown in Sect. 7,

Chap. IV.

In order to have a good understanding of the
nature of these requirements the Chief of Party
should study the Booklets issued by the American
Association of State Highway Officials entitled,
“A Policy on Grade Separations For Intersecting
Highways”, “Highway Intersections at Grade”,
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and also the requirements of the Public Roads
Administration,

In making detailed drawings for the approved
designs a careful study must first be made of the
layout, and plans formulated for laying out the
most cfficient base lines, detail sheets, and division
lines for plan sheets and cross sections. The scales
used must be such that all construction detaiis
can be clearly shown and yet nor make, the pliins
too cumbersome, difficult to handle, or match wp:
50'==1" ar 30°=1" are scales that can be generally
used for detail drawings. However, special €ases
may make it necessary to usc s larger.or smalles
scale.

Special detail sheets must be made gshowitigifea-
tures that cannot be shown on.the sfandafd draw-
ings, such as slab layouts afld elevations éf banked
and warped surfaces for concrew@@paveéent. Such
elevations must be wofked@iit for intervals of not
less than 25’ or evén closer whefe necessary to
obtain a smoothgrding, surfice.

The use of 02’ Contours on extensive inter-
sections and pavedlent gareis is often helpful in
determininggood drajpage and smooth riding
surfaces{

Théldesigner must study thoroughly the slab
laydnt reguirements and select one that will he
the mast effieiént to construct and mark out for
trafhic after construction. Standard slab lengths
should be“used” wherever possible. A careful
study,aiiist be made of the instructions regarding
matkings for pavement joints and all necessary
markings placed on the detail sheets.

For large or complicated separations a detail
sheet must be made showiug a comprehensive
general fayout of the entire interesction to a scale
small enough to give the complete picture on one
sheet if possible. In some cascs, however, two
sheets may have to be used. These detail sheets
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should show the following: a general plan, base
lines and their curve data; the layout of the cross
section sheets with a key of the section lines; ref-
erences by number and location of the various
detail sheets; and other related general data such
as permanent monuments, trafic data and sight
distances.

The design of minor highway and drive inter
sections at grade must also receive carefulfstudy.
Grades must be carefully laid oug, for proper
drainage and minimum property damage; meces-
sity for channelization considered, afid"supervisors
and designers consulted. In many cases,)espe-
cially where roads and streets ase relocated,‘mu-
nicipal and county engineers should*be cofsulted
concerning widths of streets, radii, sidewalk areas
and public utilities.

N
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CHAPTER XXII
TYPES OF PAVEMENT

Before final cross sections are begun, approval
must be given to the selection of types of pave-
ment for the main highway, street relocations,
ramps, etc. The Chief of Party must secure all
necessary information regarding traffic, existin@
pavements, ideas of municipal and ceunty/en-
gineers, utilities that will be affected “and other
pertinent data, then consult his supervisors,unti
a decision is reached on the types of pdvement, to
be selected at the various locations. Typical seé-
tions of each type of pavementgmustibe shown
and station to station locations givep.

N

1948

@




Section 3—Preparation of Plans Chapter XXIII, Page 1

CHAPTER XXIII
FINAL TRACINGS

. Completing the final drawings i1s an operation
that requires considerable specialized ability and
expericnce on the part of the draftsman and a
good deal of thought and supervision on the pajt
of the Chief of Party. The less experienced_the

. draftsman the more supervision 1s nec€sSarys
When experienced draftsmen arednot 3wailable
others must be taught and carefully supervased 1n
the many plan details to be drawn. (Goodysamples
of former plans must be procured and used for

. references and examples. A clear) meat, readable
and orderly arrangement offf constsniction/ notes
should be strived for at all timés. Before any
construction notes are inkedin®n a tracing detail,
a complete layout plaf for all\getes®n cach sheet
should be made. Each nefeshould be as near as
practicable to the item described with clear and
definite referenée) arrows aséd. It must be re-
membered tif#ft the plans are to be used under ad-
verse weather and light conditions, often by those
whose plan redding knowledge and experience is
limited WL hercforedsimplicity and clarity as well
asaccuracyhshoitld be the most mmportant ob-

. jectives. The size of lettering to be used is out-
lined'th, Part 1, Section 1. The draftsman should
aimhto €omply as nearly as possible to these in-
struetions.hHowever, situations will occur where

. this 4s impracticable and good judgment will then
Have to be relied on.

After the detail sheets have been inked in and
completed they shonld be turned over to a com-
petent checker for final checking who must go

(] over them thoroughly in detail and check for ac-
curacy and completeness. Competent checking 1s
one of the most difficult and most important
phases of plan work. Therefore the Chief of Party
must select reliable men who are fitted for the
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CHAPTER XXV
CALCULATIONS AND ESTIMATE OF QUANTITIES

One of the most important features of highway
construction plans is the estimate of quantities of
the various items of work to be performed by the
contractor. It is the policy of the Department
to mdicate on the plan sheets quantities of each
item of construction where it is shown, and aifo
to summarize on each plan sheet the tetals of the
different items. In addition, an “Estitnate \of
Quantity Sheet” and a “Take Off Sheet?smust be
prepared. The “Estimate of Quanfity Sheet”
must be a complete summary of all_quantities of
each item. The nomenclature of@achiteim should
conform to the nomenclature fas slfown 4@ the
specifications. In Part II, Seetionf4 Mlis a ref-
erenced list to be used for this purpese. This
list also shows the properlordedfin ;ghich the items
are to be listed. Identifying and glarifying notes
should be added to the namecsefgdhe items, some-
times called “Payilifemns?, meaning the items con-
taincd m the peoposal upen which the Contractor
bids and is paid {gr. Sd@ch notes should be very
brief, mes€lgpnoting thicknesses, depths, mixes,
types, cte., so that'th€ contractor definitely knows
upon What he 15 bidding.

The, “Take Off Sheet” is laid out to show the
distribugion 6f*quantities throughout the plans, to
simplify ¢hecking and summarizing, to aid in mak-
mgmonthly estimates, and to assist the contractor
in distsihuting materials.

Both the “Estimate of Quantity Sheet” and the
“Tgke Off Sheet” should be first laid out in pencil.
@onsideration must be given for the “Bridge
Items” which will be furnished by the Bridge Di-
viston and proper space provided. Crowding of
the items should be avoided. In some small con-
tracts the typical section sheets and Estimate of
Quantity sheets may be combined. The lettering
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should be clear, neat and comply with instructions -
in Pare II, Section 1. '

Before the inking in or tracing takes place all
quantitics must be thoroughly and completely
checked, cross-checked and double-checked by dif-
ferent competent individuals. The Chief of Party
must make certain that this 1s done and at ne
time allow the estimate of quantity sheet_teo bP\
inked in without the approval of his sup€rvisar
After the inking or tracing a comparison chéck
must also be made.

Where there is a possibility gf othen, items
being added to the plans before advertising, space
should be provided so that thé¥sgrtions gan be
made without crowding.

Calculating and estimating,tlie quantities to be
placed on the plan shegfs, on the estimate of quan-
tity sheets, and in thepropes@ifor bidding requires
extreme care and gery eareful checking in order to
avoid errors andfmistakes., Fér this purpose, and
also to enablemghe Lrenton office and the Public
Roads Addiistgatiogyto efficiently and conven-

iently check add take“off quantities, zll calcula-

tions_gmitist ‘be shown on forms provided for that
purpese or on paper from which blue print copies
cadmbe mades) Form No. 73 should be used wher-
ever possible. In order to obtain good prints a
Na)2 orgimilar pencil should be used. The calcu-
lations,should be arranged orderly and neatly and
crowding aveided.

It must be kept in mind that these figures must
bc so complete and so arranged that they can be
readily understood by others who are not familiar
with the plans.

In order to facilitate breaking down quantities
for Federal Aid or other divisions, calculations
must be arranged to show the totals of each item
for each plan sheet rather than for each item car-
ried throughout the plans. This also makes
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checking casier and facilitates the making of
" changes where necessary.

In order to make clear to others the method
used for irregular pavement, walls or other com-
plicated areas and volumes, sketches should ac-
company the calculations either on Form No. 73
alongside the figures or on tracing paper attached.

Where 1t is definitely known that Federal Add
is to begin or end on a project, the calculafions
should be broken down and totaled at thédivisiosd
points. This should also be done where the cost
of a project is being shared by munjipalities, or
others.

For earthwork calculations rwd metheds can be
used, one by stripping areas afid cofputiig vol-
umes by making up earthwosly'ealéiilatidn sheets,
and the other by calculafing areas byfmachine,
using elevatious and off$ets slown on the cross
section sheets, then @mputing the volumes by
machine, using aredshand statiod distances.

Where the ma@ling imethod is used, volumes
shall be totaled at Jeast every 1000° or at Fed-
. eral division lines @r at Breaks on the earth chart.

An eapthifehart shalldbe prepared for all pro-
jects where cutghand™fills are involved to such an
extent that a chart will provide useful informa-
tiofifle theicontpactor and others. This chart shall
provid€s cledl picture of the earthwork to be per-
formed ‘of, théyproject, showing cuts above the
he and/ fills below. The scales used must de-
péndyupon the length of the project and must be

 distorted to give a clear picture and allow ample
space for summation and totals of results.

This earthwork summary must show, where
found in the project, such items as the total cuts,
fills, pay items of earth excavation, borrow exca-

- vation, rock excavation and wet cxcavation. Also
must be shown the estimated amount of excavation
- that is available for use as embankment with the
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shrinkage factor used to arrive at the estimated
borrow. This shrinkage factor must be consid-
ered carefully and selected to fit the materials
expected to be encountered. As built plans of
previous projects encountering similar materials
should be studied to find what actual shrinkages
occurred, and whether the project calls for hight
grading, heavy grading, rock excavation orawet
excavation, all of which will have considerable in™\
fuence on the factor to be used. €)0ther topdls
such as driveways, deductions for strippmg{ fill-
ing in foundations, subsidence, or ogher estimated
quantities, must be shown if theyfeccur, toymake -
the earthwork summary complete.\ -
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CHAPTTR XXVI
PLANS FOR RIGHT OF WAY

In drawing plans for right of way (which to
the field office, fall into two categories; namely,
General Entire Tract Maps and General Property
Parcel Maps), emphasis should be placed upon a
complete layout and upon apportioning the tiffte,
if feasible, in order that right of way@plang will
proceed concurrently with and be finishedyat tie
same time as construction plans.

The Entire Tract Map might well be laid dowmn
in advance of other plans in ordefgthat an effi-
cient allocation of space and a Wise chotcelofseale
may be made for each sheet of\thé oth€r plans.
Wherever necessary the ali@nment may be broken
so as to place the highway ingfhat position best
suited to the purpose(of the'map. /Where greater
detail and clarity a¥&requiredsthat area may be
boxed off and reférénced, to the General Property
Parcel Map, fgr such detail and clarity. In this
case the latten givap Will contain information
omitted g@thin “the aféresaid “Box”. With the
~ General(IintireChraet Map shall be submitted an
assemblyof basig data for title work. Assembling
the basic'data shiall be construed to mean, (1) the
makinghof ‘proper abstracts of the deeds or the
deed conveyingythe entire properties of which the
pageels taken form a part, preferably by a title
searchef, (2) obtaining copies of development,
tax, partitron and other maps, and (3) collecting
such other information as may be required in the
gstablishment of the ownership and boundaries of
the parcels to be acquired and the entire properties
of which they form a part; together with the com-
~ pilation of such other necessary data which may
come to the attention of the engineer or the title
searcher as being essential for the completion of

1943




Section 3—Preparation of Plans Chapter XXVi, Page 2

the General Entire Tract and General Property
Parcel Maps.

Depending on the type of terrain traversed,
General Entire Tract Maps are usually of one
scale throughout-—either 100" or 200 to the inch.
These maps may be made in pencil on pencil trag®
ing cloth.

On the selection of a scale for the GeneraldPrépay
erty Parcel Maps the following is offered a8 a sug-
gested guide:

1. For open country where pargcels  are Jarge,
such as large fanns, etc. and whefe few huilding
or other improvements exist, (17 == 10(}’).

2. In suburban areas whefe lot8are not too
small, say, 150 x 2007, (17/= 5@").

3. And in metropolitanyarteds where lots are
small and there 1s much d@il 0 be shown,
(17 == 30",

If the Highway (passes through all three types—
city, suburban, aud, conntuygfthere will be no ob-
jection to th@ nse ofythe three scales on the one
map in which e@se the scale should be clearly
marked on ea€h shéet of the map. In general,
howeser, Jnot wnore than two scales should be
needed.

Betails to'be shown on General Entire Tract
Maps Gge:

FOA “eoinplete outline of each owner’s entire
propergy aththis location, including the outlines
ef allseparate tracts comprising the whole tract as
revealed by the various instruments of conveyance.
(Where tracts are too large to show in their en-
tirety make an insert on a smaller scale).

2. Reference to deed or to any instrument con-
veying rights or easements; i.c., by book and page.

3. Bearing and distance of all outlines listed
under No. 1.

4.- All deed areas.

5. Buildings, and whenever possible, the nature '
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and type of land through which the highway
passes, such as marsh land, cultivated land, woods,
pasture land, etc.

6. The Statc Highway parcel number enclosed
within a circle, thus

7. The name of the owner of record.

8. The right of way lines of the highway, n-
cluding bearings, distances, curve data and,giR
figures, the width between the night ofgway lines.

9. Municipal lines.

10. North Point.

11. Areas remaining on each side of highwayh

Details to be included on the General Property
Parcel Map are:

1. Location of the highway refeceiice lmes; i.c.,
the base lines, with their appropriate sub- des:gna~
tions with bearmgs theréon. WWheresa magnetic
bearing 1s given the year tmpwhich the bearing was
taken should be indicated. Whefe different sec-

. tions of a given_geuteyjoin 1€7s essential that it
be indicated whetber the, reference line is an cx-
tension of or makestan angle with the connecting
line. Exisung désignations of old reference lines
should Be retauned:

2. &he locatien of right of way lines.

30 Pareels ro be acquired or conveyed.

4. Slepe, ddrainage or bridge easement lines
{usually for'ghading the full right of way width).

5. Essential “fopographic features; 1e., struc-
turesyconstruction and drainage features near to
-and outside the right of way lines.

6. Municipality and County (near upper right
or left corner) in which property shown on sheet
15 located.

7. A schedule sheet showing the following:
Plan sheet number, parcel number, parcel area.
“easements (slope, dramage bridge), side (righ: or

" “left), station location, name and address of ow ner.
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deed reference {where not supplied on General
Entire Tract Map) and a “Remarks” column.

8. Data re: road returns.

The location of reference or base lines aftér
construction 1s to be made according to an order
dated October 11, 1944, This order should
be referred to as a guide with special cm-
‘phasis on the topic, *“Monumenting the Base ldine
The ‘base line” to which right of way acquisition
1s referenced shall be permanentiylocated 4nd
monumented. . . .” Where a base lineysinot to
be monumented reference should b€ madeyby sups

/3

plying adequate ties from permanent pointsywell =

outside the right of way linesgifagall\basic ¢ontrol
pomnts, At least 3 ties or a permanentimonumeont
are essential to each pomt| \Ba$ic cghtrol points
should mclude intermgdiate paints on long tan-
gents at critical points of sights WFhe purpose 15
to facilitate the regrodu@ron of these lines on the
ground.

The locatiommel the right of way lines is to be
shown by réferring allypoints which are the begin-
nings of a4 change ¢h “direcrion of said lincs to
the hasepliné by survey or calculated measur-
mengs.  The “ofdér of October 11, 1944 statcs,
“Puring the @onstruction of each project the sur-
vey forces will place a hub and marker stake at
alleorners™®f the right of way lines that are not
parallel tothe pavement lines and that cannot be
focared by direcr and uniform measurements from
theurh or pavement lines. - - -7

Parcels are to be outlined by heavier lines or
some method to make the boundries elearly out-
standing. They shall be numbered thus@within
the parcel or with a curving directionary arrow
from the pointing within the parcel, where
space 1s himited. Near the @ should be lettered
tts area and in cases where parcels are too small to

hold the necessary mfermation a log should be -

1943




Section 3—Preparation of Plans Chapter XXVI, Page 5

made showing owners and areas in numerical order
for the entire sheet, but only for such small parcels.

Calculated and fixed data must be supplied
(nearly all measurements are best set or deter-
mined, leaving only one to be computed). The ob-
ject of this work is to enable a private surveyor to
reproduce the right of way lines by using only
the filed key map as a guide.

Ties and dimensions shown should be lihefal
and appropriately placed. Distances, between
base liue and right of way line should be, placed
frequently and clearly enough so as togledayxe ne
doubt about fixing the latter line. Ties between
control or set points, and the primary or secs
oudary reference lines should algo”béNample and
clear. Set and calculated cufve ddta must be
shown and any data incideagal \tel'set points or
lines should be indicated it the interestof clarity.
The primary feature of all glans 45 legibility;
therefore, all letters, figures, aud other data should
be approprlately pIaced on plansgwith this consid-
eration in mindsmpAll lettering should be far
enough away ifom Lines'se, that erasing either will
not endanger the dther;

Samplegblue prints of all or any types of maps
are always availablegdt the Trenton Office of Sur-
vey & Plaus. Recent maps should always be re-
quésted, stating the purpose for which they are

to betused, imforder that the best examples may
be furnished:
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CHAPTER I
GENERAL INSTRUCTIONS

Laving out lines and grades for construction
projects requires extreme care and accuracy and
at times, also speed. Co-ordination and timing
must be planned well beforehand. The repfesens,
tatives of the department in charge, of construe-
tion and the contractor’s forces must'be considlted
frequently and complete co-operatiop=beésween, all
forces obtained in order to securé efhcieney and
prevent delays and hold-ups i the construgtion
work.

First the supervisor must be gonsudted and de-
cisions arrived at as togvhat linies are/to be staked,
what stakes are to be(givenafidhwiliére placed, also
how the stakes afe tolbe marked and what in-
formation 1s to@be provideddfor the contractor.
Inasmuch asgNew Jersey highway projects are of
such a vafiable matuse no definite standards of
staking cam beffixedd but for dual or other wide
highways, srade and offsct hubs with tacks shall
be placed on, bathi&ides of the construction at fifty
fdot stations.) Each hub shall be referenced by a
markes stake showing the station, offset, and cut
or fill “té=the construction base linc being used.
Forsingledhighway construction of not too great
a width oneline of stakes is sufficient. Careful
studics must be made in order to provide stakes
where they will be of the greatest service and in
places where they will not have to be removed
by construction.

It is the policy of this department to provide
grade sheets for stakes marking the base lincs or
curb lines of the main highway, ramps, and con-
nections. These sheets must show the date, sta-
tion, offset, elevation, and cut or fill to the points
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referenced. They must be made on paper that
will enable blue printing of several copies.

As soon ag it 1s definitely known when a con-
struction project will begin the layout survey must
be started well in advance of the work of the con-
tractor’s forces. The construction base lines must
be re-established and permanent tie points fixed
outside the limits of construction. These ties must
be so placed that lines can be reproduced quickly.
Also adequate bench marks must be €stablished
throughout the project beyond the limitslof co®
struction.

A notebook of all construction staking and lay-
out work must be kept; and neatiymand)carefully
arranged.  Controversies overf discrepancies’ in
lines and grades often arise_and\ asarefgl record
will show what happenedd” The Chief fof Party
must keep a diary or redord offalprécedures of
staking out and imposfantiifieidents bearing upon
this work, especially§eonferences,dhanges, delays,

~destruction of stakes, fequests of contractors, or
other happenings that might have some relation
to the final settlemént.

Amonghe, first items to be worked on by a
contract@r arc the dedinage structures; therefore,
this staking sheuld proceed in most cases im-
mediatelyhfollowing the general line and grade
stakes y Tt ig#éften necessary to start drainage

{staking heforedall general stakes are placed. Con-
sultations withUthe inspection forces and con-
tractorgiiust be made frequently in order to keep
ahead of the work and avoid hold-ups.

Hub and marker stakes shall be placed show-
ifir offsets and euts or fills to the flow line of the
pipe at intervals of not more than 50’. These
stakes must be placed out of the way of construc-
tion. The center of all catch basins and man-

“holes must be staked and in the case of catch
basins at least two stakes must be placed giving
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the line and grade of the curb line for the basin.
For cross drains grade and offset stakes must be
given for each end of the pipe.

In staking out drainage a Chief of Party must
take nothing for granted. Grades and lines taken
from the plans shall be used where given bus
must be checked, and a careful study made fo
make certain that they fit the situation at hand'\
that they will drain the areas intended to be
drained; that they have the proper‘glearancesfor
pavement, driveways, utilitics, and other ‘pérma-
nent structures, Where the locafion of) undexs™
ground structures is suspected, bug indefinite, the -
trenches for the pipe should begepened up wuntil
they are found and a denité gradefiged 4o avoid
them where possible. In casesfol this kind the
Chief of Party mustgstand by with his party
ready to lay out grades segthatpfhe work may
proceed.

Placing grade§hand lines foffconerete pavement

is an importamgpand oftefi an intricate operation - .
of construétion Jayemit. It is the policy of the

Department td provide grades and lines near -
enoughmte, thé concrete form lines so that they can
be @ansfettedltogthe forms by means of a grade
béard not over 10 ft. in length. Hubs and markers
fnay be used to provide these grades, but often it is
more efficiént both for the Department and the
Contractor to mark the grades on iron pins on the
form lthe @b on a one or two foot offset line.
Medsurements should be taken from the pin face
nearest the concrete, This method should not be
used, however, except where the grades are to be
used almost immediately and the pins fully pro-
tected until grades are taken off.

Many intersections, ramps, grade scparations, .
and complicated connections require vartable
widths and lengths of slabs, broken lines, curved
lines, and warped grades. For such cases a definite
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procedure for staking should be planned before-
hand and the elevations calculated at close enough
intervals to give smooth riding surfaces. These
intervals should be nor greater than 25° and in
some cases less. They should be calculated where
possible for the longitudinal joint lines and in the
cases of warped slubs intertnediate elevations must
be given. Curved and broken alignments at joint
lines must also be calculated well in advancd of
the work so that the giving of lines 9nd grades
may proceed at any peint; for in order o, work
efficiently and provide for the maintenad€e of trafe
fic the contractor must pour concretelin different
“lanes and often in isolated stabs duringhthe same
day. Therefore, it is of greatfimporthnee that
the Chicef of Party, the inspection fofces,gand the
contractor’s men co-operateffully il planming this
work. ~N

Special stzakes musigeftetifhe given for miscel-
laneous items suchgas bridges,deulverts, walls,
curbs, and gutters,

In staking cu€bridges the Bridge Division must
be consulted t0 find out ‘What lines and grades
they desirgand thieir wishes granted as far as prac-
ticable.

Oth€g miscellagieous items must be given suffi-
cienfistakes to cnable the builder to get the cor-
rect lifles ‘and grade without unnccessary diffi-
eulty.

‘Lhe calenlations for construction layout and ali
gradepand line stakes must be so thoroughly
cheeked that their accuracy cannot be questioned.
The Chief of Party must be constantly on the
diert locking for errors in the plans or in the
work of the personnel. Even after grades and
lines are accurately given, where time is available,
observation checks should be made of the work
of the contractor’s men to sce that the grades are
bemng properly used. This shonld be done espe-
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cially in the case of bridge layout. Serious mis-
takes can often be prevented by making com-
parative observations of the various working lines
laid out and the work being done.

During the course of the work on a construction
project it often hecomes necessary to make change$
in the plans or to perform additional construction
work not shown on the plans. It is the datylof)
the Chief of Party in charge of the layolit wotk
to make a survey and a plan of theychange$ or
additional work as per instructions.ef bistsuper-
visors and the district constru€tion ehgineer.
These plans must be made on standard sizedtrac-
ing sheets. Where the desgilsfage, small they
should be so spaced on thefsheesfthatiadditional
details can be added togthe\sdme sheet as they
are needed. The samé standards shiould be used
for these plan details. as46F the' original plans.
The plan quantitis and”“the new quantities must
be clearly showfiland carefull§ checked. Calcula- |
tions for theselquansities must be made on stand-
ard calculdtion sheces -

On projeetsdbiat ¢@ll"for borrow excavation lay-- "

out afdpcress-sections must be taken of the
borfew pigg) aftér they have been stripped and
appreved byithe construction forces as borrow ma-
tecizloy Permanent base hines and bench marks
must be Fstablished and well referenced so that
a gridysystem of elevarions of the ground taken
at the same” points before and after excavation
canl be laid out. These points must be close
enough to give correct contours of the ground,
suffictent for an accurate calculated determination
of the earthwork. Elevations at many additional
points are often necessary for the “after sections”
especially where the excavation has been left in
a very rough condition. The “before” elevations
of these points can be calculated from the original
ground line sections.
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Careful and accurate notes must be kept of all
borrow pit layouts and sections. The sections must
be plotted on standard cross-section tracing cloth
and all calculations clearly shown. Machine
methods of calculations shouid be used where pos-
sible.

The necessity for checking and re-checking ac-
curately all construction layout work cannot be
emphasized too much. Where possible, checking
should be done by using different methads or dif=
ferent personnel, for the same work. A“Chief\of
Party should not allow any work to gofinchéeked
when there is the slightest uncertainty in his mind
of a possible error of any consequence\
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CHAPTER 1
GENERAL INSTRUCTIONS

For the purpose of establishing a permanent
record of the finished construction project, and
order to determine accurately the final quantities
and estimates, it is necessary to have a complére)
as-built survey and plans of the projectf exactly
as It was constructed.

Plans must be made to begin thisgwork asisoon
as construction work on the proje¢t startsin order
that the plans are completed as s6on as pessible
after the project has been cdmpleted:, Delays in
the as-built plans will delay findl estimates and
payments to the contraeter.,4Close [eo-operation
and frequent conferefices wirQ thel construction
forces should be carmed_ett.

The first step,in the preparation of these plans
is to procure one or moreggedmplete sets of black
or blue linggwhite prints and the tracings of the
contract drawings. Lhese will be released to the .
field offices\afrer af sct of VanDykes are made
and fileddat the Trénton office. The white prints
are (to be ‘wsed“as working plans upon which to
plage, all data and measurements when collected.
The sticyeyor measurements of each construction
item, should be made as soon as a substantial
amount hagbeen constructed and the as-built plans
kept apace with the project. The data from the
white prints shall be transferred to the original
tracings in orange colored mmk by a competent
draftsman. This work shall be done carefully,
neatly and accurately, keeping in mind that prints
made must be easily read and understood. To
do this the arrangement of the notes must be care-
fully planned beforehand. Construction notes for
items not built as planned must be crossed out
and corrections made.
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Copies of construction plans indicating work.
completed, by date and location, are available on
the job in most Construction offices. A properly
recorded set of figures on this plan can be of in-
valuable aid to the Chief of Party in completing
his “As-Built” work.

Note books must be kept of all as-built survey
data in the same manner as described for originai
surveys and plans.

The survey data acquired must includedaccirate:
measurements of all construction items exaeétly as
constructed.  Elevations and locatigns ofyall
drains, sewers, utilities, and other stfuctures ‘en-

' countezed not part of the projectygilit shich may
affect future maintenance or gonstruetiohwmiust
also be obtained. Arrangements should dic made
with the Construction forgés to netify the Survey
& Plans forces when such structitsesWor utilities
are encountered so thde théir location can be es-
tablished before wotk is completéd. Elevations
must be taken of albdrains, streams, walls, under-
clearances of bfidges, andysimilar items that may
provide necessary firture information.

All monuments, right/of way markers, ties, and
bench marksUmustgle accurately located and
shownly Where property or municipal monuments
hav@been, remoyed by construction accurate ties
to theMormerdocation must be sbown or a new
monumefit, referenced to the old, placed and noted
en the plans. “All “change of plan” drawings must
be included or attached to the As-Built Plans.
Sueh changes should be noted on the plan sheets
and a summary of the items shown on the esti-
mate of quantity sheet.

As-buiit profile elevations shall be taken of the
new work and the new elevations shewn. Except
on ramps and other special cases, these elevations
may be taken at one hundred foot stations,

New cross-sections of the project must be taken
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when the grading is completed. These sections
should be started when a substantial section of
grading has been completed and the sections plot-
ted and calculated as soon as possible.

In taking cross-sections good judgement must
be exercised in getting enough elevations to alloWw
reasonably accurate final earthwork figures, but
no time wasted in unnecessary refinementsé |
example in a long stretch of uniform gtandard
highway sections elevations at the top andgbot-
tom of slopes, on the edges of the_pavement, on
the curbs, and on center 1slands afe sufficlent 1t
is cvident that the grading has been doneleare-
fully and 1s within an inch g sel@fithe required
section. The Chief of Partg must studggéarcfully
the required sections, andgthe grading as built, to
determine just how mény seetions and elevations
are required for reasomablyg@echrate results, with-
out unnecessary fefinements.

Final borrowpit measuserfients and elevations
must be takefi®@8 s0on as practicable after all ma-
terial has Meen gakenhout that is to go into the
project. Caref'musf) be taken to adhere to the
origindlibase lines and cover the area worked on
thofoughly with#énough elcvations to get an ac-
clitate earthwork figure. The original base lines,
benelymarks, and section measurements should be
checked thoroughL and several check shots
should, Bey taken on the original undisturbed
ground at the ends of the sections.

Where sub-base or other materals are taken
trom or near a borrow pit arrangements must be

made to segregate the work and sufficient cross-
sectioning done to show accurately the material
used for borr(m This may mean sectioning dif-
ferent parts at different times and a thorough un-
derstanding of the procedure to be followed should

be plannced beforchand hy consultation with the .

construction forces and the contractor.
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Measuring pavement areas requires Special care.

Pavement is paid for on the basis of surface
“measurement and each project must be chained
throughout along the surface. Thus the “as-built”
length of the project will be longer than the origi-
nal length which was a horizontal measurement.
Irregular pavement areas must be measured care-
fully and sufficient measurements taken to sima
plify the calculations as much as possible. Befre
measuring a complicated area, a definite plan of
how the calculations are to be made should bé
worked out.

A Chief of Party must study the plans, the in-
- struction to bidders, and the specifications. The
measurements for all pay items gust bemade to
comply. It is often necessary| for £ross-seetions
and measurements to be taken of work' such as
rock excavation, wet excafationextragxcavation
and similar items during comstfuction. This work
should be anticipated(as far as possible and plans
laid beforehand to hawe the negeséary forces ready
‘to take the mefsuréments at the proper time.
The Resident Enginéer indcharge of construction
must be consulted’and Jdecide where sections for
rock, wenfor @xtra,cxcavation shall be taken. Tt
is his_pasponsibility to decide what is to be paid
for under those ttems.

Allealetilations for as-built quantitics must be
made “garefully and accurately, checked and
placed omealeuilation sheets in the same manner
as described under calculations for original plans.
Wherefit is necessary to separate quantities for
Federal Aid or municipal participation instruc-
tions from supervisors should be obtained. All
measurements and calculations for the as-built
survey and plans must be certified to by the As-
sistant District Engineer of Surveys and Plans,
by letter, or by a subordinate designated by him.
“The Resident Construction Engineer must also
certify to all pay items measured by his forces.
1948
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CHAPTER 1
GENERAL INSTRUCTIONS

The Federal Government shares in the cost of
many of our State Highway Projects. The plans;
specifications and construction of these projeéts
must meet with the approval of the Public Roads
. Administration. Therefore it is necessary £0 comis,

' ply with certain methods of prodedurefand gre-
quirements of that Bureau. A Chief of Party
must become familiar with all suchprequirements
pertaming to his duties. Following are‘Seme of

. the requirements requested by_the, Publici Reads
Administration. AN

Length of projects should begexpressed to the
nearest one-thousandthg@f adnile. /The various
constituent parts may be rounded aip or down as
necessary so that the sumifof the parts equals the
whole.

Length 1s usifally measured along the center line
or proﬁle line"taking into account all equations or
other intefruptions.  3However, minor breaks in
pavement|as @t anfintersection need not be de-
ductedt

Liength of, a"pFoject is the pavement length not

. the length of the shoulder, flares, drainage, transi-
tions,etc., beyond the end of the main pavement.

A budge 1s a structure with a clear span meas-
ured alongythe center line in excess of 200 How-
ever)a twin'box culvert with 2-11’ spans would

. begtonsidered a bridge. Note that it is not the
right angle span distance but the center line dis-
tance that determines if the structure is a bridge.
Generally the length of the roadway slab is taken

. as the length of the bridge. The bridge length of
arches or rigid frames with an earth cover is com-

puted between the inside faces of the abutments.

Roadway length is exclusive of bridge lengthno -
matter whether the bridge is already built or to .-
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"be built either with or without Federal Aid. Cen-
ter island construction across a bridge need not be
called bridge construction if the bridge proper 1s
not altered.

At underpasses, the roadway length is continu-
ous through the underpass.

Where a bridge occurs in only one lane of pave-
ment on a divided highway the other lane being
continuous pavement, the roadway length 1s gar-
ried without interruption along the @avement.
The bridge length is computed as usualjwithya
note added that it is included in thesfoadway
length. L
" For length at traffic circles meaguze along the
center line to the outside cdge of the ec\bcle pade-
ment (if the pavement varies in wallth ineasure
to a point representing thegdWerage wideh of the
circle pavement). Add the circumferedee of the
circle measured along ghé eenter Ime of the circle
or the center line of the average width.

Resume measurement of leigth at the outside
edge of the circlépavement (or edge of the aver-
age width).

For elongatedyeircles,/it 1s satisfactory to take
‘the average distanee along the center lines either
side ofythe center island.

The length of grading or landscape projects is
compuited the safme as for pavement projects. Stop
and resume stations are usually used at overpasses
since no\grtadmyg or landscape work can be done
within those limits. However, the exact stations
at which a bridge slab will begin or end 1s often
not known when grading plans are prepared. In
such cases it will be satisfactory to disregard the
proposed bridge and not break the stationing.

Minor breaks in continuity of grading or land-
scape work as at intersections, etc., usually need
" not be deducted in determining length of project.

Federal Aid projects are now designated by a
letter or letters, a number and sub-number. The
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letters represent the type of Federal fund being
used and other data as follows:
F-—Regular Federal Aid funds
. U—Urban Federal Aid funds
S——Secondary Federal Aid funds
I—On interstate highway system
G-—Railroad-highway improvement
® The number locates the project as within D
certain section of highway route while the sith-
number indicates the number of the_constmiction
agreement made between the stafe and)Publié
. Roads. Tor example: UGI 198 (4), would' repre-
sent a project on which “urban?Nfederal/ funds
were to be used, a railroad was ingolvedyithe pro-
ject was on the interstategsystefit, the section was
number 198, and this was the fonrthdmprovement
to be made within_the prejéet himits.

If a new project intersects another at an angle,
the point where the new cénfer line intersects the
outside edge@f the existing pavement is the point
used in determining thelength of the new project,

Estimates:-+
Separate estithgles are required:—

. (1} For each different type of pavement (ex-
clusivey of miscellancous paving of intersections,
flaes, transitions, etc.). Center 1sland construe-
rion 18y a separate type if no other pavement is
laid in“conjuhction with it.

. {2) Tor each incorporated municipality if the
design geometrics are such that a pro-rata de-
ternmunation would be inaccurate. Townships may
be grouped tn one estimate. For two counties a

. percentage, based on the length of the work in
each, is suflicient.

(3) For projects which cross an urban line as
set up by the State Federal Aid Engineer and
Public Roads and separate funds are used. [This
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will usually be indicated by the project number
such as FI-UT 185(3)].

(4) For different projects under one contract.
[Indicated by two numbers such as U-82(1) and
U-183(3)].

(5) For each bridge over 20/ span measured
along the center line. However, if two bridges arc
indicated in type of construction and purposegleg
two arches over streams or two [ bedm bridges
for bighway overpasses, etc., the estimateshmay, bé
combined.

Separate estimates are not required :-—
(1) For different widths of pavement.

(2) Center island construction across albfidge
where pavement is constructed 'on alte apProaches.
{Include the isfand in thé'roadway esdmate.)

N\

(3) Between counties.

The 10%, added fof engineering/and contingen-
cies may not excced'that percent’” If the contract
estimate is 1508998 rhe maximum allowable
addition is $16518.99, net, $1,519.00. A smaller
figure may belused to gét'a total in even dollars
or even tefilidollars.

The, 109, added on force account estimates
shouldbe on magerials, labor and equipment only,
not gh, taxes orsalvage.

Thetrailroad inspector’s salary which is part of
the engmeeringycharges for the project may not
hevadded to the force account work unless a cor-
respofiding deduction is made in the 109 added
for engineering and contingencies in the contract
work. This is because he is considered as already
included in the maximum allowable 10%, addition.

Non-participating items within project limits
should be shown separately on the estimate. When
outside project limits no estimate is necessary.

Since Federal funds cannot be used for con-
struction work which can be considered as in lieu
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of right of way purchase, work outside the right
of way generally must be investigated as to eligi-
bility for Federal participation.

. A good general rule is that the line of demarca®
tion between a right of way consideration and
work eligible for Federal participation is whether
or not the proposed work is for the henefit of the
property owner and not necessary for the highwa}&

. construction; or whether the proposed work is {0
the benefit of the project and necessary fordits
proper completion,

(General Administrative Memoraftdum \No.p35

. discusses the eligibility of Federal funds inwnov-
ing buildings, etc.

General Administrative Memora}dum No. 58
discusses eligibility of fence conétruction and re-
construction.

Federal Aid Marker (Posts®®

The triangulat post should be placed with one
apex toward the@enter ofgthe road, as close to
the end of the“projeet as feasible.

If only #wo paéts are placed they should be on
the driver's\right a§ he approacbes the project,
with ghelproject nmber on the side of the post
toward the projeet. The number for a later ad-

. joming projegt can then be placed on the side of
the macker post toward the new project.

Existing Dirainage
Plans shepld indicate the size and type of all
. existing drainage and where known the direction
of flow and the condition of the pipes.

Existing drainage structures shonld be noted
to remain or to be removed as the case may be.
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SPECIAL INSTRUCTIONS, STANDARDS AND
PROCEDURES Chapter I, Page 1

CHAPTER 1
ENTRY UPON LANDS TO MAKE SURVEYS

Section 46:11-1. Right of entry to make sur-
veys in certain proceedings.

46:11-1. RIGHT OF ENTRY TO MAKE
SURVEYS IN CERTAIN PROCEEDINGS £ In
any proceeding to lay out, alter, vacaté,or open
a public road or street, or to determine which\of
the proprietors or possessors of the lands adjacent
to any highway have narrowed or ereroached on
the same, and in any proceeding un%(r the act
entitled “An act to enable the @wners ol swamp
or meadow ground to drain the sande, aad to re-
peal a law heretofore madegfor thdt purpese,” ap-
proved November twenty-fourthsJone’ thousand
seven hundred and ninetw=t#®o, and the several
supplements thereto, @and in any other proceeding
touching a public iniprovementfi@ny practical sur-
veyor, with thediecessary assistants, employcd by
any person interested in any of such proceedings,
may enter on thedands Jadjacent to such highways
or street§, orpthe,lands to be drained under the
provisions of said aet, or otber lands for the pur-
posg of making necessary surveys, doing as little
damage as)possible to the owner or owners of such
lands.

Source. ) L1887, c. 158, §1, p. 212 (C.S. p.
5064, §22)).

Neote. Thc act cited in this section is saved
- from repeal in §40:57-10 of the title Municipali-
ties and Counties.
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CHAPTER II

CONSTRUCTION DIVISION, HOURS OF WORK,
. 5.DAY WEEK

1. Employees Assigned to Office Work
2:00 A.M. to 5:00 P.M. (34 hr. for lunch).
2. Field Engineering Forces
(] 8:00 AM. to 5:00 P.M. (1 hr. for lunéh). 0N
) 3. Construction Inspectional Forced (Engineers(&
Inspeetors).
Same hours contractors’ forcesgWorky “Time
credited over 44 hours per week to be allow-
. able as XP Overtime.
All Emplovees: N
When employees are requiréd togwork over-
time they will be enfitleddo equivalent com-
peusatory time off if timeJeredited is in ex-
cess of 40 houygs, forgfoups 1 & 2 and 44 hours
per week fop group 3. Such time off shall be
taken during the samé&@alendar year and as
designated by the superiors of the employees.
Updn approvallef the Division Head, the
startinghand stopping time and length of
ionchiyperiod dnay be arranged differently
. wheu cifeumstances make it desirable. How-
ever, the number of hours worked must re-
main the same.
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CHAPTER III

PROCEDURES FOR PLANS PREPARATION FOR
STATE HIGHWAY PROJECTS .

FIRST STEP

(Responsibility of Division of Planning and
Economics)
1. Prepare brief report on purpose of, highfvay, ‘
giving its functions:
(a) To serve through trafhc
(b) To serve local traffic predogiinantly
(¢) To develop recreational, industrial, resi .
dential and agricultural Arcasin
2. Recommend classification of highways
(a) Density of traffig6™(30th peak/hour, 30
years hence) AN
(b) Passenger cafs (R)§ Mixed Trafhe (M},
Trucks (T
{c) Design_speed.
3. Recommend Type of highway:
(a) Twollang
(b) 4Fhiee lane { not normally recommended }
(e) Four“ lane™ undivided (not normally
recommended )} .
(d) “Four ¢r more lanes divided (not more
than, four lanes normally recommended}
(e) At grade “land service highway”
()0 At grade with major intersections sep- .
arated (either initially or eventually)
(g) Freeway
(h) Parkway.
4. Recormmend location of Termini. .

5. Recommend general area of location and rea-
sons therefor,

6. Preliminary recommendations on traffic Inter-
change locations.
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7. Justification:
{a) Traffic
{b) Economic factors
(¢} Benefit-cost ratio
(d) Priority
(e} Place in comprehensive plan.
8. Review of report by Department of Design and

Construction.

After approval (or modification)lef above ge-
port by the State Highway Engineer heyvill tfans-
mit to the Chief, Department of Degign‘and Con.
struction for progressing Surveys and Rlans.
(Copies of this report shall be sent to Public
Roads Administration if parti€ipationhio financing
15 expected).

SECOND STEY

(Responsibility of Depaftment of Design and
Construction)

1. Reconnaissance)surveys and proposed typical
cross-sgétions.

2. After appréval by the State Highway En-
giméer, of Item I prepare “Hearing Map™ pre-
Eedent to limiefadoption. After line has been
adopted by the State Highway Commissioner,
design shall proceed.

3.0Develop typical main roadway cross sections
(including right-of-way width) based on sat-
isfactory maximum roadway capacity for the
30th peak hour, thirty years hence. (In some
cases this may be desirable, tolerable, or maxi-
mum roadway capacity, in which case it will
be the subject of individual decision of the
State Highway Engineer with review by the
State Highway Commissioner).

- 4. Develop geometric design standards for ap-

proved design speed.
5. Field reports on Interchange locations as out-

1948




Section 7—Special Instructions, Etc, Chapter III, Page 3

iined in Memo of State Highway FEngineer
dated October 3, 1946, shall be submitted.

6. Detailed traffic and economic data relating to

Interchange sites shall be obtained {rom Plan-

. ning and Economics and transmitted to field.

7. Preliminary sketch designs of Interchanges
based on data included in (6) above shall be
submitted by field for approval. ‘

8. Submission of a general plan ¢(genetally
17 == 200"} and profile showing widths, align®
ment, grades, and tentative Interchanges o
State Highway Engineer for Approval.

(After approval, prints of this plan shali .
be submitted to Public Re@ds Administra-
tion).

9. On approval of Interelanged sketches and
alignment and gradesfan aceusatedayout of
Interchange design shall b&submitted for ap-
proval before being tied"down mathematically.

10. Submission of proposal femgeveloping order
and extent gf €@nstiuction contracts shall be
submittedfto the State,Highway Engineer for
approval plus@pecial or unusual specification
Provisions.

11. Approval efjconstruction plans and specifica-
tions, by State Highway Engineer and State
Highway Commissioner.

In deweloping plans it is expected that Planning
apd Ecomemrespand Departmeut of Design and
Construction will cooperate closely and draw .
freelyion information and techniques each from
the lother and that the Maintenance Division and
Parkway Engineer will be consulfted freely on
matters of mutual concern.

1948




N

Section 7—Special Instructions, Etc. Chapter IV, Page 1

CHAPTER IV
INTERCHANGES

When preliminary studies and sketches for traf-
fic interchanges are submitted by field offices to
the Trenton Office for review they shall be aé-
companied by a statement covering:

(1) Character of the area surrounding thefinterss
change:
{a) Residential
(b) Industrial

(1) Type of Industry
(2) Employment (heavy\gr light )

(c¢) Whether room forffuture cxpansion and
trend ol expansion.

(2) Condition of the h]ghway to which it is pro-
posed to connecty
(a) Where road starts and ends
*(b) Trathctareas it taps
*(c) Possibilities,for increased trafhic develop-
ug along road
(d) Raghtof-wiay width
(@)W easibilityl of widening right-of-way
(f) Payxemeént
(1) lype
(2) Condition
(3) Width
{(4), Curbs
{z) Alignment and grades
(h) Apparent existing traffic bottlenecks. _

* To be furnished by Planning and Economics
Division.

These data for the existing road shall be fur-
nished for a distance of ten miles each side of
the State Highway.

A statement shall also be submitted as to the'_' ._
general character of main feeder roads which con= -
nect into the existing cross-road. '
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CHAPTER V

POLICY RELATIVE TO PARTICIPATION BY
MUNICIPALITIES IN FULL WIDTH PAVEMENT

Policy

The following general policy is hereby estab-
lished covering participation by Municipalities
where full width pavement may be construefed:

(1) In instances where a Mnnicipality desires
full width pavement with curbs, the Stare will pre-
vide for a snfficient width of pavemenf to aeéom=
medate the necessary number of landg for movihg
traffic, and any normal drainage that\@ay be/re-
quired except as noted herein.

(2) In cases where a portien oldhe highway 1s
to be used for parking afid 1t %8 not feasible to
elimiuate parking, the State willi€ohstfnct and pay
for the pavement cafeyingfthe moving lanes of
trafhc and the nosmal width_shéulder. In case
the Municipalitygparticipates“in the cost, it shall
be allowed crédit for the estimated cost of the
shoulder toward ghc gonstruction of the type
pavementgdetermined pon.  The Muntcipality
shall be@r thehcospofithe fnll length of curbing,
if desiged by 1t for appearances or other reasons
andpnot wequired by the State to reduce main-
tenanee coStas’in (3), In cases where the State
would ‘mermally construct earth berms fo retain
drainage and ‘the Municipality desires curbs for
scasonsds mentioned above, the Municipality will
be allewed credit for the estimated cost of the
berms as well as for the shoulders.

(3} In cases where it is determined that the
cost of maintaining a standard improved shoulder
would be excessive under normal highway usage,
excluding parking, the State will provide full width
pavement at its own expense, including curbs,
where required to reduce maintenance. This pro-
cedure shall also apply where drainage conditions
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are such that excessive maintenance would occur.

(4) In cases where the roadway width is such
that it is desirable to eliminate parking in ordeg
to accommodate moving trathe, and the Munici-
pality passes ordinances prohibiting parking, the
State will bear the entire cost of full width paves
ment, including curbs and drainage; provided,
however, that if the Municipality should af®an
future date repeal the local parkingerdinafice, the
cost of the paved area utilized for ‘parking shall
be paid for by the Municipality at_the original
cost to the State.

(5) Where street intersections\eccur at grade
and the mtersecting street isgurbedpbeing paved
full width, the State will bear the entire cost of
paving such intersections.en its@@wn foadway and
as much clse as may hérequired toafford proper
grade and riding surface.

(6) Where intefehanges and/ehannelization are
required, generally the Stategwill bear the entire
cost of constauemend, Special designs shall be pre-
pared and 4 determination made as to whether or
not the Munieipaligg Should bear any share of
the costs

Sept. 4, 1947,
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SFCTIOI\ \
LETTERING FOR PLANS A-l

SIZE OF LETTERING TO BE USED IN
. PREPARING CONSTRUCTION PLANS

Title Sheet

For the Key Map showing the location of thg
project use % inch capital letters for county,
names, and title under map.

. The names of Municipalities lettered with 3/’10\
inch high capital and lower case lebiers.

All other lettering on the Title Sheathshould be
14 inch high capital and lower casegletters.

. Typical Sections ;
For Typical Sections use # inehyhigh }etters

except the titles should be f7;: inh high'capital
letters,
Estimate of Quantitics N

The lettering of) thelEstimate of Quantities
should be %14 ingh high capitdls for construction .-
items and total.gquantities@&ll other notes % inclr .~ =
lower case Jetlers. :

Take Off Sheet

The'take off of quantities should he lettered W1th
%4 ifich highhlettérs, using capital letters for items
. ofconstruction.

Plan and Profile

AlDlettering on the plan and profile sheet should
be 34 imchletters, using capital letters for proper

. names.

For existing structures and special notes where
space is needed use %x» inch high letters.

Cross-Sections
. For the cross-section use % inch high letters.

Construction Petails

The lettering on the details should be 3/ inch
high capital letters for detail tifles and all other
lettering should be % inch high letters.
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Seciion 1-—Lettering for Plans A-Z

Where it is impracticable to comply with above
requirements the supervisor should be consulted
and a practical solution worked out using these
standards as a guide.

SIZE OF LETTERING TO BE USED ON
FROPERTY PARCEL MAPS AND INDIVIDUAL
PROPERTY MAPS

1. For municipalities, owners' names, namesg®f
streets, ete. preferakle */ys inch minimum % gapi-
tals of good weight to be used. Parcel niumber td
be designated thus@

2. For owner’s name, parcel number and pakcel
areas use not less than % inech high capital leiters
of good parcel number to be designated thus@

3. Owners of property not affected@houldmbe %
inch high letters of lighter weighis

4. Set data should be Aot less wihand /s inch
high lettering of good wéight.oPreferably % inch
if space is avallable.

_ 5. For hand letteted titles of &eneral Property
Parcel Maps usegprinted title from an approved
plan as a guidé.
.. 6. Titles of \Indifftduall Property Maps or maps
supplemental to'the General Property Parcel Map
should émphasize Rodte and Seetion and parcel
numhbé&rs ana the\size of lettering used should not
be dessithan % jinch high of heavy weight. Al
other letteringdin the title should be lighter al-
though of the same size or larger,




SECTTION 2
DESIGN—GRAVITY RETAINING WALLS A

GRAVITY RETAINING WALLS

Formulae

" Surcharge

S ORI

yor) s
e

Q‘{

RoZRs
}.g

Horizontal Sloping Lloaded
Surcharge Surcharge Sugharge

L1 z I-sing  _t 1 -5im
P-2wh’ 1gng - swhicos gl P Wh(h+2h‘}i+sm¢

w=weight of filling peg@t _J+3hh,
O IGE RN

FoundaTion Pressures:

¥ i

R‘esuh‘mmL i Resultant af  Resulfant ouiside
middledhird edge of middle third
rmddie fhlrd
P -(4l-6a) T p= & p=3f
P,=(6a-2t) T2 R =0 P, =0
i p_.p.FE
Whena=; B=F-1+

Overturning Moment M = Px s and Pry
Resisting Moment M, =bxW,(weight of wall)
Shding Force =P

Resistance fo Shiding  Rs = Wy x .5 Coeff.
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Section 2—Design—Geometric B-1

NON-PASSING SIGHT DISTANCE

1000 SRS
N JIIA -]
00 = i | L L
¥ L |1
. 243 + L4
300 g .
G- |~ T [t
- i
w700 [ ]
i ey, AT
' 500 [ I g
st i A e
= i o e e
z P -
[ =5 i —
a P o
a 4 8 O st B o e
& e
@ A p_:i,?,
“ =
y | |
[ N

040 1500 2000 2500
L= LENGTH OF VERTICAL CURVE- FELR

A = ALGEBRAKC DIFFERENCE OF(GRADES - PERGENT + 100
res L ; L
i 3L o 5= B =
HEK 5 -3 A + F WHEN S(L{ 3&2{;
HEIGHT OF CYE 4.5 FEET| KEGHFIOF BBEJECT LiCHES

FIGURE. 3
NON-PASSING SIGHT DISTANCE
RELATION EETWEEN SIGHT DISTANCE, HIGHWAY
GRADES aND LENGTH OF VERTICAL CURVE

‘The sigh distance 2t every point on u highway shouic be as long 15 possibie
and shallibe ac least as great as the following non-passing minimum sight

distanges: .

Assumed Design Speed Minimem Non-Passing Sight
of Highwsy Distance
Miler per howr Feet
i Atk
40 s
19 e
& 475
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PASSING SIGHT DISTANCE

3000 ;
2500
.
ul
jn)
b
\ 2000
ud
a \
z
z .
i
b 1500 !
[u] R
- <] it
& (con Vol 0 Lo L
@ e L] A et L
) AT o A0 T
“ 1 PP oy | RN 2 ol I RN
2l g il ’/""'-'Izo i
500 7 o e e i S8 L I 1
o e e . O I g
T ; i y I
; T I i L A
a [ (A LT
] 500 1000 1500 2000 2590 3000
L~ LENGTH OFf WERTICAL (GHRVES FEET
A= ALGESRAE DIFFERENGESF GRADES “PERCENT <100
g, . &)
wHER 51 sE i £ b WHES B<L S EV’:

HEIGH T OF EYE AND HE!GHTWOFEGRJECT 4.5 FEET

P
RELATION BE
GRADES AND

SSING SIGHT DISTANCE
N SIGHT DISTANCE, HIGHWAY
NLTHH)OF VERTICAL CURVE

On twa-lane highways sections safe for passing shall be constructed a1
§requent intervals. ‘The passing minimum sight distance for two-lane hugh-
ways shall be as foliows:

ini H
Assurend Design Speed Minimum Pasing Sigh

of Highway i istance
. Desirabis | Absoluse
Miles per bonr - .
400 o0
b noe on
i 1800 1408
o 2360 2102
: D TS

Erom "A Palicy i Sight Distance For Highways")
AASILO.

TOBE USED ON 2 & 3 LANE HICHWAYS ONLY
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Section 2-——Design—8tructural C-1

SIMPLE BEAMS

WOOD BEAMS ~Allowed Fibre Stress 1600psi | ‘@

Allowed Shear Stress 100 ps.i.

Allowed Bearing Stress 350 psii.

These values are approximate and vary with diffs

erent Kinds of wood. ‘

Depth of Beam =d inches ~Width of Bedml= b inches
To find required Section Medulus ~ 5= M%2{500
Choose a beam so that °3% is equal 46 or larger

than S. Check that *B%bd is less tham 100 p.5.i. .
To find required bearing area - %50&7. inchées .

CONCRETE BEAMS -

Allowed fibre stress in reinfdrcemént - 18000 ps.i.

= compressive stress in Cofiereté= 1000 ps.j.

«  tension stresglin Shear Reinf. - 16000 ps.i.

n  shear stresSinplain Cogneréfe — 60 ps.i.
v bond stress'between Conc&Reinf — 150p.s.i.
«  bearing opfMasonry - 700ps.i.

Width of beamé>b inches
To findfrequired distanée from Top of beam +o

. ; A J2MT ™.
centerofreinforeing d=\/55e-555 = 0-:[ Vb ins. .
12

Tafind required Area of steel reinf. As=
Sq.ing, Tofifd sheor stress S+ gpq

If 5 isless than 60p.si. no shear reinf. is needed.
If.5 is between' 604150 ps.i. find V 580 xR .

—._._:"-—-&!om
18000%3d 13504

S
(shear taken by Concrete)

Assume stirrup Area total cross-section area at all
vertical legs of the stirrup = Av. Sq.inches
Tofind required stirrup spacing c= 1694QAvxId | o
Tofind total circumference of all tension steel-0sq.in.
" |Check that Bond stress U= 3%3 is less than
150 psi. Tofind required bearing area on
Masonry 755 sq.in.
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Section Z2—Design—=Structural C-2

SIMPLE BEAMS
To Find Moment{M)inFoot lbs.and Reactions(R} in ibs.
falCONCENTRATED LOADS ~ P~=lbs.

g b a, b &|=Feet
r M-FPab; Rp- B8 Ra-ER
]
Ro rp for ioad in Cenfer—a=b=/é

A B
M= -7 Ra= 5= Rb

{b)PARTLY DISTRIBUTED LOAD
4 by W Ebsperlinf‘r abe&l inFeet

3 !._,21_% M= wctab WC,R Awtcb?Rb_wca
Tt

[
.

o \ fofloadan€emtér- a-b- %

=i

r
. — M= Wfl. — %_ 3 Ra = EZS = Rb
Ra Rb

{2 UNIFORMLY DISTRIBUTED LOAD
w=1bs.perlinft ; | = Feet

TO FIND THE REQUIRED BEAM SIZE-
SteehBeams : Allowable fibre Stress - 18000 pSL

Allowable shear stress - iIOOO ps::

Allowable Bearing an Masonry 700" p.si.

To Find required Section Modulus S = M']/SOOO

Look up beam with this or larger S in hand book

Find Web Area{Webthickness xheight af beam)=Awsg.in
Check that BAw is less than [1000'p.s.i.

To Find required bearing area on Masonry =

R200 Sq.in. -












Section 2—Design—Drainage D.2

NEW JERSEY STATE HIGHWAY DEP’T.

RAINFALL INTENSITY~FREQUENCY CURVES
Based on Chartsin USD.A. Misc. Pub.No. 204 by David L.Yarnel}
To show conditions in central Jersey. Results for
North Jersey may be reducedup fo 10%, while for South

e Jersey may be incregsed up

NN to 1% of the rates indicatedh
2] b 7 NOTE: Where the time of
VRN YT concentration for G giyeriGRag)
AN X, 1 eritical timelis 15 mias The
EL =] nourly ratedes thatlperiadto -
\ a0 be expectea inbentraldersey
FREENSTEH oncein 2 yearsghs &50s, once
in byears 1s41ins, ofce Yale
YeGrs is 485 1ns. eten,
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Section 2—-Desigh—Drainage D-5
TABLE OF SUGGESTED VALUES FOR
RUN-OFF FACTORS

Type of Surface Min. Max.

Pavements, Concrete or Bit. Concrete 0.5 0.90
Pavements, Bit. Macadam or Surf. Tr. 0.65 0.80

Pavements, Gravel, Macadam, etc. .. 0.25 0.60
Sandy soil, cultivated or light growth 0.15 0.30
Sandy soil, woods or heavy brush ... 0.10 4025
Loams, aver., cult. or light growth .. “G20 | 0.40
Loams, aver., woods or heavy brush 0.15, Q130
Gravel, bare or light growth ....... 0.20 .40
Gravel, woods or heavy brush ....., 0.15 '0.35
Clay soils, bare or light growth 44 \9.35 0,75
Clay soils, woods or heavy growth .« 02500 0.60
City business sections .... .am. o4 . 0,60 0.80
Dense residential areas &£ .....° . 050 0.70
Suburban, normal residentiald@areas.. 035 0.50
Rural areas, parks, golf courses 4.. 0.15 0.30

In applying theabove factors'to any given case,
consideration miust he given to the desirability or
necessity of desigming for»maximum conditions,

5 “Where the design is to/be adeguate for a certain

‘period without, floeding under extreme conditions,
such as when the ground is frozen and there is no
infiltrafion, the ) maximum factor or perhaps
gréater shoeuld be used. For normal conditions, the
‘designing “faetor should be determined from a
carefulistudy ef the area both as of the present
and for a‘probable change or development within
a period of about 25 years. It is also advisable
to refer to any soil maps or record of borings
which may be available to determine the type of
underlying material. In many cases, it will be
desirable to combine two or more factors as listed
to get the best resuilt, as the use of good judge-
ment on the part of the designer is most essential.
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VELOGITY IN FEE‘E PER sscomg (n=m§) o,

.ote

1/ /
® -7 JRTANAY,
/1)

AREA l44 FULL

OIT 12" PIPE - 0.154 50 FT —} &
15" PIPE = 0.240 SQ FT
18" PIFE ¢ 0.346 85Q FT

\\%
Lp’p\ e
7

4
216 21" PIPE :=0.470 50 FT
! 24" PLPE - 0.614 50 FT
- }- D15 3C° PtPE = 0.960 50 FT "
26" PIPE = 1,380 50 FT LYY
o L] szreipeE=1.87080 FT by
o O 48" PIFE: 2.460 50 FT / g
w q
a3f— MANNING FORMULA ~

y-1.286 Ahs
.alz— N
Q=AavV

- ey
| L/

/

=
\\3‘0,.
28
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.
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. VELOCITY IN FEET PER SEGOND {n=.014)

1948




.- Section 2--Design—Earthwork : . E-1

CALCULATING MACHINE COMPUTATION
CRO3SS SECTION END AREAS
~ DIRECT METHOD (i) ~ .

TUNOTE! INDIGATION OF TH!S FiGURE WS 07 .
GREAT VALUE 70 CONTRACROR

PLOT X-SECTIONS AND TEMPLATES Tofd 3UITRBLE ScaLE

. SHOWING PROFILE GRADE ELEVATIONS; (SEE SECTION
ABOVE). LiaT ELEVATIONS & CERSETSMS INDICATED
BELOW, (FOR COMBUT.E RS, GONVENIENCE ONLY- NOT TO
BE SUBMITTED). AFTER PRACTICE AND FAMILIARITY
WITH METHOD, COMBUTER SHOULB OMIT TABULATION,
AND CALCULATE AREAS\DIRECTIFRE v CROSS SECTIONS
BY MACHINE,

"IN EACHHALF SECTICN, START END WITH UPLER ELEVATION
£ OFFSET ATOR NEARESTETHE ¢£. Li18T CLOCKWISE IN
LEFT HAdaf; £ COUNTERALCLOCKWISE IN RIGHT HALF.
IN PagT cUT & RARTFILL SECTIONS, LIST ALL CUT
AREAS SEPARATELY FiRST. A CONSTANT, (HATCHED .
ALTAN MAY BE COMPUTED T8 ELIMINATE SEVERAL
MULTIRDICATIONS, AND {8 TO BFE AGDED IN CUTS, OR
SUBTRACHERLIN FILLS, ON SIMPLE SECTIONS.

TABUBLATION ~ SHOWING OPERATICONS
SO0 L& 220.12.3¢ 1079 127! 247 240 228 202 20.0 .
07 0~ 55 - as 65 6o a0 30
“ZLB L ZZ0 - 1GB0.02 _ 815,01 + 7B.G = 890.G1%
E}B/T - i © suB cor:.«?smnr SUB-TOTAL
CAREA ARE A

For MAcHINE COMPUTATION OF ABOVE LISTING,
MULTIPLY ALONG THE MARKED DIAGONALS .
LEAVING THE RPROQUCTE2 ON THE MACHINE TOBE
ADDED. AT THE END OF THE RUN, START BACK
MULTIPLY ING ALONG THE UNMARKED DIAGONALS

USING THE MINUS KEY oR I_EVEE, SUBTRACTING

THE PRODUCTS. THE QEMA:NDEE ON THE LOWEQ

DiaL 15 THE DouBLE AREA.




Section 2—Design--Earthwork

CALCULATING MACHINE COMPUTATION
CROBS SECTION END AREAS
oo~ ADDED OFFSET METHOD (2] ~

AN

PLoT X-5ECTIONS AND TEMPLATES TO A SUITABLE SCALE
SHOWING PROFILE GRADE ELEVATIONS; (OEE SEcIieN
ABOVE) Li8T ELEVATIONS £ OFFSETS AS INBICATED
BELOW, (FOR COMPUTERS CONVENIENGECNLY 5 NOT WD
‘BE SUBMITTED). AFTER PRACTICE AND FAMILIARILY WITH
METHOD, COMPUTER SHOULD OoMIT Ta B ULATIG N, AND
CALCULATE AREAS DIREGT FRAM cQst SECTIONS BY
¥ACHINE.

IM EACH HALF SECTION, START € END WITA(UPPER ELEVATION
g OFFSET AT OR NEAREST AHE ENGST CLOGRWISE IN
LEFT HALF, € COUNTER-CLOCKWISE dM RIGHT RALF
N PART cUT & PaRT[FILLSECTANS, LIST ALL CUT
ACFAS SEPARATERY FIEST. A|ConsTanT, (HareHep
AREA), MAY BE COMPUTED TO ELIMINATE SEVERAL
MULTIPLICATIONS, AND 15 TOgBE ACUED IN CUTS, OR SUE-
TRACTED IN FILESy OGN SiMPLE SECTIONS.

[
ik

luil_,m E

&gﬂ _3 APD EACH\CFFSET TG THE OFFSET
s<sgin BELOW AND PLACE THE SuM
1o+ L.C oPEDSITE THE UPPER ONE OF
P\ e ASDED OFFSETS, AS INDICATED.
olezeo° SETS, A5 {NDICATED
o (88236

55| 1784172

73009 (22 efBR M ACHINE COMPUTATION , PLACE £ LEAYE
461812478 ) 147 ELEY. ON UPPER DIAL OF MACHINE. PLACE
BOISGRAD " ADDEC OFFSET ON KEYBOARD £ CRANK
Tdizaze WRTIL THE 27> ELEV. APPEARS ON UPPER
Goido zo0  DIAL. STILL WITHOUT CLEARING MACHING
20|20|21.8° PLACE Z™ ADDED OFFSET ON KEYBOARD &
o: [E28*  cRANK TO THE 3% FLEV: CONTINUE THUS
{68807  TO LAST ELEY. {WHEN ST ADDED OFFSET
2 i3 0, THE Z"° ELEV. MAY BE PLACED
ais.0l DIRECTLY ON THE UPRER DlAL) THE
5.6 REMAINDER onN THE Lower DraL

i

890.6° 15 THE [DOUBLE AREA.

ADDED DISTANCE METHMOD (8) 15
THE SANE A5 (Z) EXCEPT THAT OFFSETS REL. OF
ARE CHANGED TO DISTANCES FROM A BASE LINE AT OR
OFF COMNE OF THE EXTREMITIES OF THE FULL SECTION.

1948
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N

DISTANCES TO BE ADDED TO'BEGINNING OF
SLOPE IN COMPUTING TOPSOIL AREAS

. 5 = Slope Distance to be addedgincluding roil.
A == Vertical Distance hetween top and bottom of

slope. :
1151 In\Cuils S/ 1.80 A + 2.6/
In‘Fills 5~ 1.80 A - 0.2’
134:1 In Cuts 8 == 202 A -} 2.6/ .
In|Fills 8 == 202 A — 0.2
2:1 In"Culs 8 = 224 A + 2.6/
In Fills 8§ = 2,24 A — 0.2/
3l ImFills S = 3.16 A — 0.1"
4:1 In Fills 8 == 412 A .
51 In Fills S = 5,10 A
- 64 In Fills S = 6.08 A
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CLASS A DESIGN

{Not applicable to Freeways and ParkV{aYS)'

General Notes: These are minimum standardst
Use greater when feasible (except do not vary
desigh speed), When not eonsidered feasible to
provide minimum standards submit to Engineer
of Surveys and Flans.

Dual roadway construction shall be utilifed ofy
the roadway shall be designed for gtage constraie-
tion with initial roadway located offhcenter on
adequate width R.0.W. in order thatghishwaymagy,

be converted to dual type in future. Design shall =~

include the separation of all grades either initially
or in future.

At junetion area where Righways offdifferent
class join, effeet gradual.ebhange in design stand-
ards by use of straightdine variationdn the stand-
ards. In the variation areafifhe’desirable differ-
ellce in operating gpecdsion adjacent curves (based
on .1 friction} should not exceed 5 miles per hour.

For high speed direct ¢omnsction interchanges
use main pdadway standards as desirable mini-
mum.

I. Desizh Speed
(A} Main Readways

(I3 “Rural” 103 feet per second.

(2} “Urban” 88 feet per second.
Urban sections to be designated
without relation to Urban Areas as
set up for Federal program, but
shall be based on density of build-
ings and industrial faeilities which
will 1limit alicnment.

(B) Ramps
Radius in Feet Desigh Speed M.P.H.
100 20
150 25
200 30
300 35
400 40

500 45
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-II, Alienment
(A) Main Roadways

(N

(2)
(3)

(4)

Generally use the flattest possible

curvature.

(a} Rural, minimum radius 3000
feet.

(b) Urban, minimum radius 1600
feet.

Minimum length of curve 800 feét

(including transitions)

Minimum desirable distahce | be-

tween reversed curves,

(a) Rural, 1000 feet.

(b) Urban, 800 feet.

Minimum desirablegdistance he-

tween same direetion curves 2500

feet, when the tangentfand.part of

both curves ean' be seen/ by the

driver. In sieh cases $broken back”

curves with les§ “thian 2500 feet

betweend, to “be conneected with flat

curved

(B) Rampsgand Approaches

(1)

(2)

IIX. Grades

On exits from main roadway use
“spirglleds ‘approach to minimum
desirable /radius of 125 feet. See
attached diagram for deceleration
Iane turnout.

Minimum distance bhetween re-
versed curves on ramps to depend
on runout distance for super-eleva-
tion.

(A) Maximum Grades—Main Roadways

(1)

(2)
(3)

Mountainous country.

3% maximum. 4% may be used for
short distances.

Hilly country.

3% maximum

Rolling country.

3% maximum

If more direct route or improvement alignment

1948
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is feasible by using greater grades refer 'td-Eh-’-
gineer of Surveys and Plans.

Note. Maximum desirable grade, 2%, all cases.

. (B) Maximum Grades—Ramps
(1) Upgrade 7%, desirable maximum
5%.

(2) Downgrade 5%.
{C) Minimum grades

0.5%.
. In flat country where difficult/ refer(to
Engineer of Surveys and Plans.

IV. Vertical Curves
Minimum length of vertical curves on
. main roadways 600 feet exceptias, fol-

lows: AN

(A) Algebraic difference infgrades 2%, mini-
mum V.C. = _660 feet.

(B) Algebraic differenceyindgrades 1149,
minimum W.C.%= 500 feet.

(C) Algebraic difference/in grades 1%, mini-
munmt V.C. = 400gfeet.

(D) Where gutier drainage is difficult, sub-
mit réport to Engineer of Surveys and
Plans.

(EpFor oppostte direetion grades when (a)

distanece hetween vertical curves is 600

. feet or less, or (b) entire length of V.C.
and 600 feet of both tangents cannot be

seen by driver, minimum length of V.C.

in Stations to be equal to twice the Al-

gebraic difference in grades in per cent.

. V. Superelevation
{A) Main Roadways
Radius in Feet Superelevation in %
1600 5.0
. 1800 4.5
2000 4.1
2200 3.8
2400 3.6

2600 34
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2800 3.2
3000 3.0
3200 3.0
3400 2.8
3500 2.8
3600 2.6
3800 2.4
4000 2.2
4500 1.8
5000 1.5
5500 13
6000 1.2
6500 1.0
7000 to 10,000 10
over 10,000 No superele-
vation

(B) Ramps and Approachés

(1) Maximum superelevation 8% except
for upgradedonbound which shall
have maximum csiperelevation of
6%.

(2) Minimuin desirabledsuperelevation
on 500 feot radids curves or sharper
5g6.

(3) Rateof change of cross slope should
notdexceed 2% per second of time
for the design speed.

(4) Changes in transverse grades
shouid not exceed 2% per lane.

VI. "Pransitionf Curves

1948

(A) MainRoadways
Desirable Minimum

Radius in Feet Length of Transition

1600 to 1800 300/

1800 to 2200 2507

2200 to 3000 2007

3000 to 2500 200

Over 3500 No transition curve
(B) Ramps

Transition curves to be omitted in gen-
eral except af,
(1) deceleration lane turnout (see at-
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(2)

tached diagram). : _
at high speed direct connectlon in- -
terchanges use main roadway stan-
dards as desirable minimum.

VII. Sight Distance—Main Roadways
(A) Daylight—Non-passing

1548

(1)

(2)

“Rural”, minimum of 600 feet based
on height of eye at 414 feet fo an
object 4 inches high. Provide mors,
when feasible.

“Urban”, minimum “of 495¢ Teet
based on height of eye at, 415, feet
to an object 4 inchies high.

(B) Daylisht—Passing Sight\Distance
(1) If stage constflictionhs nsed, 2 and

(2)

{3)

(4)

3 lane roads (initial comstruction}
should haweypassing sections at fre-
quent intervals (3 lane roads mnot
normally constﬁ}cted).

The minimum /passing sight dis-
tance shall beds given in “A Policy
on Sight Distance.” The design
speed should be selected so as to be
ddequate until such time as the
Toad/is dualized.

Data on non-passing areas shall be
furnished to the Maintenance Di-
vision.

Where 2 and 3 lane roads are util-
ized, design shall be based on stage
construction for ultimate conver-
sion to dualization (3 lane roads
not normally constructed).

(C) Night—Head Lamp

(1)

(2)

Where feasible provide minimum of
700 feet (desirable 1000 feet at
sags)-—Modify where horizontal
curvature reduces visibility, in
which case provide distance per-
mitted by such curvature.

Head lamp sight distance not ap-
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plicable on adequately illuminated
highways.
VIII. Sight Distance-—Ramp & Approaches
Minimum sight distance = 4.4V 4+ V2

6
8ight distance shall be based on height of
eye at 415 feet to an object 4% feet high.

IX. Acceleration and Deceleration Lanes.
See attached diasgrams.

GEOMETRIC DESIGN STANDARDS
CLASS B HIGHWAYS

{Not applicable to Freeways and_Parkways)
General Notes: These are minium. standards.
Use greater when feasible (exeept do not wary
design speed). When not considered feasible to
provide minimum standards subnq: toFngineer
of Surveys and Plans.

At junction area where highways of different
class join, effectuategradualgelange in design
standards by use@ofi8traicht Iine variation in the
" standards. In the vagiatiomlarea, the desirable dif-
ference in operatific speeds on adjacnt curves
(based ongilpfriction) should not exceed 5 miles
per hourn!

Class ¥B” Highways may be any of the types
liste@under item'8 of “Procedures Preliminary to
Plan "Preparation for State Highway Projects”
dated Deeember 24, 1946.

For highUspeed direct connection interchanges
use main’ roadway standards as desirable mini~
mumni.

I. Design Speed

(A) Main Roadways
88 feet per second

(B) Ramps
Radius in Feet Design Speed M.P.H.
100 20

150 25
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200 30
300 35
400 40
500 45

II. Alignment

(A) Main Roadways
(1) Generally use the flattest possible
curvature. Minimum desirable ra~
dius 3000 feet, absolute minimum,
radius 1600 feet.
(2) Minimum length of curve \400(feet
including transitions.

(3) Minimum desirabldl distance ‘Be- -

tween reversed curves 800 feet.

(4) Minimlm desirable\distance be-
tween same (direction curves 1500
feet, where the dangent and part
of both £urves can be seen by the
driver/  In_suchpg€ases “broken
back™ ‘curves with less than 1500
feet between, to be connected with
a‘flat curves

(B) Ramps

(1) Of exits from main roadway use
“spiralled” approach to minimum
desirable radius of 125 feet. See
atfached diagram for deceleration
lane turnout.

(2} Minimum distance between re-
versed curves on ramps to depend
on runout distance for supereleva-
tion.

I1I, Grades
{A) Maximum Grades—Main Roadways

{1) Mountainous counftry.

4% desirable maximum. 6% may
be used for short distances.

(2) Hilly country.

4% desirable maximum.
(3) Rolling country.
3% desirable maximumi.
If more direct route is feasible by using
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greater grades refer to Engineer of Surveys
and Plans.
(B) Maximum Grades—Ramps
(1) Upgrade 7%, desirable maximum .
5%.
(2) Downgrade 5%.
- {C) Minimum grades
0.5%.
In flat country where difficult, refer to En-~ ‘
gineer of Survey and Plans.

IV. Vertical Curves

Minimum length of vertical curves'on main

roadways 400 feet except as follows:

(A) Algebraic difference in grades\2% minis .
mum V.C. = 300 feet. AN

(B) Algebraic difference in grades 1%, mini-
mum V.C. = 200 feetr

{C) For opposite direction _gradest
When (a) distanee between vertical
curves is 400 feet or less or (b) entire
length of W.C. and, 400 feet of both
tangentsieannot be seen by the driver,
minimum length of V.C. is Stations to
be equaldo twice® the Algebraic differ-
enceihl grades in per cent.

V. Superelevation

(A) Main Roadways .
Radius in Feet Superelevation in %
1600 5.0
1800 4.5
2000 41
2200 3.8 ¢
2400 3.6
2600 34
2800 32
3000 3.0
3200 3.0
3400 2.8 .
3500 2.8
3600 2.6

3300 24
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4000 2.2
4500 1.8
5000 1.5
5500 1.3
6000 1.2
6500 1.0
7000 to 10,000 1.0
Over 10,000 No superelevation
{B) Ramps

i

(1} Maximum superelevation &% ex\

(2)

(3)

(4)
(5)

cept for upgrade ohbound whieh
shall have maximunl® supereleva-
tion of 6%.

Minimum desirablé supereleyvation
on 500 foot radius curves or sharper
5%.

Rate of change of cfoss slépe should
not exceed,2%, per second of time
for 'the design speed.

Changes in transverse grades
shotld not exceed 2% per lane.
The differencedn the two curb line
profile pradients alonpg the two
edges of the pavement should not
exceed 1%.

VI. Fransition Curves
(A" MaoinhRoadways

Desirable Minimum

Radius in Feet Length of Transition

1600 to 1800 300-

1800 to 2200 2507

2200 to 3000 2007

3000 to 3500 2007

Over 3500 No transition curve
{(B) Ramps

Transition curves t0 be omitfed in gen-
eral except at

1)
(2)

deceleration lane turnout (see at-
tached diapram.

at high speed direct connection in-
terchanges use main roadway stan-
dards as desirable minimum.
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VII. Sight Distance—Maln Roadways
(A) Daylight—Non-passing
Minimum of 475 feet based on height
of eye at 415 feet to an object 4 Inches
high.
(B) Daylight—Passing Sight Distance

(1)

(2)

3)

(4)

2 lane roads

Minimum of 2300 feet based ot
height of eye at 414 feet to an/fob-
ject 414 feet high.

3 lane roads (not normally, con-
structed)}

Minimum of 1500 feet based on
height of eye at 414 feet\to an ob-
ject 415 feet high(

Cn two and three lane roads sec-
tions safe fof passing shall 'be con-
structed at'frequent intervals. Data
on non<passing areas shall be fur-
nishe@Maintenance Division.

If stape construction is used, 2 and
3 lane - roads (initial construction)
should haye passing sections at fre-
quent intervals. The minimum
passingssicht distance shall be as
givenn In “A Policy on Sight Dis-
tance”. The design speed should
he selected so as to be adequate
until such time as the road is
dualized.

(C) Night—Head Lamp
(1) Where feasible provide minimum of

(2)

560 feet (desirable 800 feet at sags)
—Modify where horizontal curva-
ture reduced visibility, in which
case provide distance permitted by
such curvature.

Head lamp sight distance not ap-
plicable on adequately illuminated
highways.

@
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VIII. Sight Distance

Ramps

(A) Vertical Over Crests
. Minimum of 250 feet based on height
' 0f eye at 415, feet to an object

415 feet high.

(B) Horizontal .
. 250 feet minimum, 350 feet desirabk:
A minimum. *

IX. Acceleration and Deceleration Lanes
{A) Right Turns
See attached diagrams.
. (B} Left Turns
120’ min., plus taPer of¥B9, min., 300
desirable.

GEOMETRIC DESIGN STANDARDS
CLASSCHIGHWAYS

{Not applicable to Freeways and Parkways)
General NoteSipThese are minimum standards.
Use greatér when feasible (except do not vary
design speed)d Wheén not considered feasible to
providepminimum sstandards submit to Fngineer
of Surveys andiPlans.

. At Junction area where highways of different
elassjoin, effect gradual change in design stand-
ards by use of straight line variation in the stand-
ards), Imthe variation area the desirable differ-
ence “in operating speeds on adjacent curves

. {hased on .1 fricticn) should not exceed 5 miles
per hour.

Class “C” highways may be any of the types
listed under items 3 of “Procedures Prelitminary
to Plan Preparation for State Highway Projects,”

. dated December 24, 1948.

For high speed direct connection interchanges
use main roadway standards as desirable mini-
mum.

1948
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DETAILED DESIGN STANDARDS
. 1. Design Speed
(A) Main Roadways
73 feet per second
(B) Ramps
Radius in Feet Design Speed M.P.H.

100 20

150 25

200 30

300 35

400 40

500 45

II. Alignment
(A) Main Roadways AN
(1) Generally use the flattest possible

(2)
(3)
(4)

curvature. Misimum desirable ra-
dius 1600 feet, abs@te minimum
radius 1000 feets

Minimum length of eurve 400 feet
(including transitions).

Minimum ) desirable distanece be-
tween xreversed curves 600 feet.
Minimmum | desirable distance be-
tween same direction curves 1000
feet where the tangent and part of
both curves can be seen by the
driver. In such cases “broken
back” curves with less than 1000

feet between, to be connected with
4 fiat curve.

(B) Ramps

(1)

(2)

On exits from main roadway use
“spiralled” approach to minimum
desirable radius of 100 feet. See
attached diagram for deceleration
lane turnout.

Minimum distance between re-
versed curves on ramps to depend
on runout distance for supereleva-
tion.

@
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III. Grades
At Underpasses grades may have to be less
than maximum to give required sight dis-
. tance under bottom of structure based ofa
height of eye of 6/ and object 1.5,

(A) Maximum Grades—Main Roadways
(1) Mountainous country.
5% desirable maximum. 6% ma{
. be used for short distances.
(2) Hilly country.
4% desirable maximurm.
(3) Rolling country.
. 3% desirable maximum.
If more direet roufe 4§ feéasgible by using
greater grades refer %0 Engincerief(Surveys
and Plans.
(B) Maximum @Grades—Ramps

(1) Uperade 794, desifable maximum
5%4

(2) Mowngrade 5%,
(C) Minimum)grades
0.5%.

In flat colintry where difficult, refer to -
Engineer 0f Surveys nad Plans.

IV. Vertical Curves

. Minimum length of vertical curves on
main roadways 300 feet except as fol-
Tows:

A ) Algebraic difference in grades 2%, mini-
. mum V.C. = 250 feet.

(B) Algebraic difference in grades 1% mini-
mum V.C, = 150 feet.

(C) For opposite direction grades, when (a)
distance between vertical curves is 300
. feet or less or (b) entire length of V.C.
and 300 feet of both tangenis cannot
be seen by the driver, minimum length
of V.C. in Stations to be equal 115 times
the difference in grades in per cent.

1948
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V. Superelevation
(A) Main Roadways

1948

Radius in Feet Superelevation in %
1000 6.0
1100 5.6
1200 5.0
1300 47
1400 4.4
1500 4.1
1600 3.8
1800 35
2000 32
2200 2.9
2400 2.
2600 2§
2800 20
3000 1.7
3200 ~ 14
3400 1.1
3600 1.0
3800 1.0
4000 1.0
Over(4000 None
(B) Ramps
(1)"Maximum superelevation 8% ex-

(2)

(3)

(4)
(5)

cept for upgrade onbound which
shall have maximum supereleva-
tion of 6%.

Minimum desirable superelevation
on,500 foot radius curves or sharper
5%.

Rate of change of cross slope should
not exceed 2% per second of time
for the design speed.

Changes in transverse grades
should not exceed 2% per lane.
The difference in the two curb line
profile gradients along the two
edges of the pavement should not
exceed 1%.

@




Section 2—Geometric Design Standards Class C G-15
VI. Transition Curves '
(A) Main Roadways

Desirable Minirnum
Radius in Feet Length of Transition

1000 to 1600 350
1600 to 1800 300
1800 to 2200 250
2200 to 3000 200
Over 3000 No transition curug
(B Ramps

Transition curves to be omitted in@en-
eral except at

(1} deceleration lane t@irnout< (see at-
tached diagram). S

(2) at high speed direct\gonnection in- -
terchanges use main roaddway stan-
dards as desirable minimum.

VII. Sight Distance—<4Main Roadways
(A) Daylight—Non-péssing

Minimum of 350 feet based on height

of eyeat 414 feetdo an object 4 inches

high?
(B) Daylight—Passing Sight Distance

(1)42 lane roads
Minimum of 1600 feet hbased on
height of eye at 414 feet to an ob-
ject 414 feet high.

(2) 3 lane roads (Not normally Con-
structed).

Minimum of 1100 feet based on
height of eye at 4% feet to an ob-
ject 415 feet high.

(3) On two and three lane roads sec-
tions safe for passing shall be con-
structed at frequent intervals. Data
on non-passing areas shall be fur-
nished Maintenance Division.

(C) Night—Head Lamp

(1) Where feasible provide minimum of
450 feet (desirable 650 feet at 5ag3)
—modify where horizontal curva-
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ture reduces visibility, in which
case provide distance permitted by
such curvature.
(2) Head Lamp sight distance not ap-
plicable on adequately illuminated .
highways.
VIII. Sight Distance
Ramps
(A) Vertical Over Crests ‘
Minimum of 250 feet based on height
of eye at 414 feet to an)object
414, feet high.
- (B) Horizontal
250 feet minimum, 350 feet) desirable .
minimumn.
IX. Acceleration and Deceleration Zanes
(A) Right Turns
See attached diag‘rams.\
(B) Left Turns
’ 120 feet mimitnum, plus taper of 250

feet minimum.
300 feel desirable.
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DECELERATION LANE TURNOUT
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CLASS A HIGHWAYS
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DECELERATION LANE
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CLASS C HIGHWAYS
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ALTERNATE—DECELERATION LANE

CLASS C HIGHWAYS
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TURNOUT FROM EXISTING ROAD—

CONCRETE PAVEMENT ON ROAD
BITUMINOUS PAVEMENT ON RAMYT
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Section 2—Geometric Design- Standards

TURNOUT FROM EXISTING ROAD-—
CONCRETE PAVEMENT ON ROAD AND RAMP
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CLASS A HIGHWAYS

Section 2-—Geometric Design Standards

ACCELERATION LANE
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Section 2—Design—Vertical Curves

VERTICAL CURVE FORMULAE

\eve

Formula for K
K=%(XY) 05

Proportioning K

4

(I_]"}i x K : Correction tolbe applied tom@ny
z distance fram PNGOrPY o PV.T. - -

Formula for Constant ¢’
(%g) The Algebraica@ifference of Grades

7L perlftdivided by daimes Length. - e

Application ‘af Constangpé’ R
oC Correction applied o any distance ™
from BMC orPV T o PV.1.

X Disrancelin feet from PV.C fo High(or
XY tawg Paint on Curve.

N - . . _
EXAMPLE §WVEN-GRADES'<+AZ§ 3%
{UstgK) 8,1 K350 e L=400

§&’ Q2 PYIEL 5825
LR of L
SR S B o -
s AN W SIE D ey

] ¥ g & = = .

© Wi Bn RE N
SERE ! P v -] ; o
2% 88 gz -85 HS R
m Blg 88 B8 &3 | Bl

8 +5Q 9 +50 10 +50 1 +50 A

Flev PV.C.=ElevPV.1-(5 )= 58.25- (200 x04} =5025
FlevPVT=Flev. PV I-(3 %) = 58.25-(200x03)}=52.25 -
Find K: 8 (X V)i~ 8 4-¢3)14 = 3.50 o
Find Correction far 507 K = &g x350= 0.219

1948

Curve Elev=TanGrade -Corr. .. Grade 8+50=52_25".2|9='5203: _



S.ect.ion 2-—Design—Vertical Curves H-2
FOR VERTICAL CURYES

FACTOR GIVEN BELOW » SQUARE OF DIS-
TANCE FROM P.V.C. OR PV.T. X “K” — COR-
RECTION TO BE AFPLIED TO TAN FOR CURVE

ELEVATION
Length of Length of
Yertieal : Yertical

Curve Factor Curve Facior

(a) (h) (a} {b)
1007 000400 14507 0000190
150° 000178 1500 0000017
200 000100 15507 00000166
250 000064 1600° N 00000456
3007 0000444 16500 00000147
350 0000327 17007 00000138
400” 0000250 1750650 00000133
450 - .0000198 1800 00000123
5007 .0000160 1850~ 00000117
550 0000132 1900¢ 00000111
800° 0000111 1950’ .00000105
50 100000947 2000° .00000100
700 .0De00R 16 2050" 00000095
750" DO00DG 2100 ,0D000091
B0 00000625 2150 00000087
850 00000554 2200 00000083
o00; 00000494 2250 00000079
9507 00000443 2300° 00000076
1000’ 100000400 2350 .00000072
1650 .00000363 2400’ .00000069
Aty 00000330 24507 00000067
< H150° .00000302 2500 00000064
471200 00000278 2550’ 00000062
12507 .00000256 2600 00000059
1300 00000237 2650 .00000057
1350° 00000219 27007 00000055
14007 00000204 27507 00000053
2800” 00000051

1948



Section . 2--Design—Vertical Curves

‘H-3

DISTANCF, “t” SQUARED FOR VERTICAL

CURVES
o Dist Dist
) 12 {t) t2
(c) (d) (e) (d)
25 625 725 525,625
® 50 2,500 750 562,5
75 5,625 775 600,625
100 10,000 800 640,000
125 15,625 825 680,625
150 22,500 850 722 500
L J 175 30,625 875 765,625
200 40,000 500 ™ 810,000
225 50,625 925 855,625
250 62,500 950 902,500
275 75,625 975 950,625
300 90 4190 1000 1,000,000 -
325 105,625 1025 1,050;625
350 122,500 1050 ' 1,102,500
375 140,625 1075 1,155,625
400 160,000 1100 1,210,000
425 180,625 1125 1,265,625
® 450 2027500 1150 1,322,500
475 925 625 1175 1,380,625
50 250,000 1200 1,440,000
525 275,625 1225 1,500,625
550 302,500 1250 1,562,500
@ 575 330,625 1275 1,625,625
600 360,000 1300 1,690,000
625 390,625 1325 1,755,625
650 422 500 1350 1,822,500
® 675 455,625 1375 1,850,625
: 490,000 1400 1,960,000




Section Z—Design—Vertical Curves

H.-4.

TABLE FOR VERTICAL CURVES UP TO 300 FT.

Alg. Diff. in Grades

“"Length of Vert. Curve in Sta.

43

v
00Gh
a2
A0
LODN8G
LDLES
AHI180
0245
20
ORI
0500
A0
00721
0845
LO0%ED
01123
1280
ROEEH
01620
A
2000
12205
2420
H2645
LLF2BE0
Lis1Eh
EA80
546
ki F
A1 205
Adh0n
XIELLE)
i 124
Aaddn
Ribye.li)
06135
B4 8E
GRS
AF220
7800
8000
RILE [V
LUBRZ0
A0245
I6ED
JRiBE2L
JHIGE
TEHED
1180
2005
2501

DosDhst, from PVC or PVT .

TANGENT OFFSET={xV

I

T U A LR

o

-
i
7
74
i
-
7
=
!
7
i

A e 3E R =

-1

o

-]
)
31
02
I8!
u4
i
HIS
47
98
99
i

v
106045
B A
14045
REGE
15125

RO
REIE
L1920
L10840
20480
21125
J2ETEY
22445
25120
23805
24500
2b2a
2ho2n
(26645
T80
2R124
2HEBR0
28645
L3020
BEE05
2000
S3ER0G
@RG20
34440
iipio]
R6I2H
BEOR0
BT84
LA8T20
AB6US
4050
431400
42720
45245
44180
45124
ABOE0
47045
LARNZ0
L4900
EULIH

I
191
102
103
104
105
16
1T
HI8
10
114}
111
112
113

vV
BLHGH
B2020
33045

5618t

aTR45

A4
B0600
ROF: 1)
G220
BE4L
R TR
GRI2E

B0
STOBLY
L1204
L TR2MY

12500

v
1314005
3.15520
117045
1, 18530
D012
TZDERMT
1.23245
124820
128405
R
1. 29605
T 12240
1.525845

et e b e e e e e b
Lot b m e L.

3.4
1.5h8420
1460200
162000
143805
1.65620
167445
169280
1.71L24
T2UEG
T4R45
THTE)
JTRGGA
BIH0E
B2405
84321
_BE245
BHRIRO
HU125
RERiE b
34045
1.960210)
158005
200000

O U UGS U AP P Y
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Section 2—Design—Vertical Curves H-5
TABLE FOR VERTICAL CURVES U TGO 800 FT.

Alg. Iiff. in Grades

. C:':’Lcngth of Vert. Curve in Sta. D= Dist. from PVC or G¥'T

TANGENT OFFSET-Cx V¥

I Y n v i ¥ n V

200 2452005 315005 616047

B.1T520
: ’(I'-j;;

Bl
HGH
i1
210
gl
n12
Sla L
4 4. 'ra(lQﬂ
S1ap, 46425
3 U)G'?S{l

208 2.16320
. W9 21kt

(‘ (1619 3
B.BGTED
(73445
6.77120
6.80805
6.B4000
6.88205
ﬁ fll“Z{!

AZ0G00
2.442085
2 4[54"(]

7 ()f)?‘Bl)
T 1(!%.4 )

TR0
276125

4.03280
206125
N2 TE4R0 2 4.AIROEND ; 41
2N ZR0EAL 2RT 411845 07 (\rhl » 4RT
288 ZE3E20 ZRE 414780 duE 0 B T1220 RS
[H{ 28 4.17T6HL 339 B74605 1]
2 88000 200 420600 40 5.TE000 Ny
290405 201 4. 3405 B.E1405 1
G2 4261820 H.E4820
499245 5EREEN
S TRED
505125

o

2

2 202000
k0 BAIEL
259 2 :1‘)[) SATGEN
N 271445 4.00445
2

P o RS

{.nﬁtlr)
14405

&
2404

Timsiaa _~'J =1 =1 =1 =3 ] -

T.80EEL

246 BUURLEY THANED
E EA ST BARE045 T.RENAN
5520 208 4. 44020 K 605520 702020
110005 b 447005 N R0 T.O6005
S25040 ] B0 G250 H.A0008

1953







Section 2—Payment Items F-1

PAYMENT ITEMS FOR CONSTRUCTION
CONTRACTS BASED ON 1941 STANDARD
SPECIFICATIONS
ROADWAY ITEMS
{(*-Payment Hems not provided in Standard Specifications}

Div.
Sec. Ttem Unit
*MAINTENANCE OF TRAFFIC Lump Sum

{(Only ior very special conditions)
14 *FIELD OFFICE, AREA 432 (or 288) Unifs \

SQ. FT.
1.6 *TRAFFIC DIRECTORS Man-Héurs
21 CLEARING SITE T Sum

(Item to be shown if amountgel
werk warrants)
*DEMOLITION OF BUILDINGS Lump Sum
2.2 STRIPPING (4" to 6” normaler other Acpes
depth)
ROADWAY EXCAVATION, CARTEpCH. Yd.
sROADWAY EXCAVATION, UN- Cu. Yd

CLASSIFIED
ROADWAY EXCGAVATION, ROQCK Cu Yd
FTWET EXCAVATION Cu. Yd,
TROADWAY MEXCAVATION, UN. Cu. Yd
SUITABLE MATERIAL
PAVEMENT EXCAVATION Sq. Yd.
*BREAKAING, PAVEMENT Sg. Yd.
*PAVEMENT SURFACE REMOVAL Sq. Yd.
(Bit. Core’)
sPAVEMENT BASE EXCAVATION 3q. Yd.
2.3 BORROW EXCAVATION Cu. Yd
AEORROWIEXCAVATION, SELECT- Cu. Yd.
EDMATERIAL
Z. 4 POROUS FILL Cu. ¥Yd.
{Behand bridge abutments, where
Fegiiired)
“SAND BLANKET (Sand Fill) Cu. Yd.
GFWERTILCAL SAND DRAINS (size, Lin, Ft.
depth)

254 *CHANNEL EXCAVATION, EARTH Cu. Yd
{For ditches and channels of more
than 5-0" bottom width)
*CHANNEL EXCAVATION, ROCK Cu Yd
sDITCH EXCAVATION, EARTH Cu. Ya.
(For ditches and channels up to and
including 5-0" bottom width})

*PDITCH EXCAVATION, ROCK Cu. Yd.

26 *EARTH EXCAVATION FOR TEST Cu Yd
PITS

FOUNDATION EXCAVATION Cu. Yd.

(for Retaining Walls, ete}




Section 2—Payment Items ) F-2

Div,
Sec. Item Unit
2.7 ROCK EXCAVATION, SUBSUR. Cuo. Y4
FACE STRUCTURES
*EARTH EXCAVATION, SUBSUR. Cu. ¥d. .
FACE STRUCTURES
(Additional Depth)
2.8 SUBBASE Cu. ¥d.
2.9 SUBRGRADE Sg. Yd.
{For Concrete Pavement and Con-
crete Foundation) ‘
210 GRAVEL SHCQULDER, - © THICK{Sq. Yd.
*RESURFACED GRAVEL SHOQUL-
DERS. -~ AVER. THICKNESS
STONE SHOULDER, - “THICK S5q. Y
FPENETRATION GRAVEL SHOUL:  Sq. Yd.
DER o
211 47 TOPSQILING N84, Yd.
*TOPSOIL Cu. ¥d.
*PREPARATION OQF EXISTING 5q. Yd.
SOIL
SEFERTILIZING & SEEDRING ~ 5q. Yd.

2.12 SODDING 5q. Yd.

2.13 ¥*PLANTING ITEMS, (Reat Hummns,
Mulching, etc.)

2.14 RIP.RAP SLOPE BRRGTEGTION Sq. Yd.

2.15 CONCRETEGBAGSDOPE PROTEC. Cu. Yd.

TION
3l GRAVEL BASECCOURSE, -“THICK Sg. Yd.
RECONSTRUCTED GRAVEIL BASE Sg. Yd.
COURSE

ROAD GRAVEDN{(for Base Coursesdy Cu. Yd. or
Ten .
3.2 MACADAM | BASE COURSE, Sq. Yd
THICK
“WATERBOUND MACADAM BASE Sq. Yd.
COURSE
3.3 CONORETE BASE COURSE, 8q. Yd.

SHHICK .
a2 WM@DIFIE]D) PENETRATION Sq. Yd.
MACADAM. INTERMEDIATE
COURSES, 37 THICK
BITUMINQUS BINDER., WMODI- Gal
FIED} PENETRATION
MACADAM .
*MACADAM INTERMEDIATE Sq. Yd.
COURS¥E, -"THICK
sWATERBOUND MACADAM IN- Sg. Yd
TERMEDIATE COURSE
3.5 GRAVEL SURFACE COQURSE, Sq. Yd,
S THICK

1853




Section Z—Payment Items

Div.
Sec. Item

RECONSTRUCTED GRAVEL SUR-
FACE COQURSE
ROAD GRAVEL
(For Reconstructed Gravel Surface
Course for State Aid Projects)
3.6 SURFACE TREATMENT, BITU-
MINOQUS MATERIAL
SURFACE TREATMENT, COVER
MATERIAL
{(For all treatments except $.C.0.)
LIGNIN TREATMENT
PENETRATION MACADAM SUR-
FACE, HOT APPLICATION,
-"THICK
PENETRATION MACADAM
THIRD HOT APPLICATION
BITUMINOUS MATERIAL FIR%T
AND SECOND HOTS APPEICA-
TION
{The last 3 items ghver payment {oy
Penetration Macadam, Hot Applica-
tion, on State Aid Préjecis and F.
A. Secondary Projects. For State
Highway gProjects, Omif last 2
iterms)
*MODIEFEDRD PENETRATION MA-
CABAM, | SURFACE COURSE,
-THICK
3.9 PAVEMENT TYPE CA-BC-1&2Z,
MA BC-1&2, [FA-BC-1&2, 5P-1,
SP2) ar A "THICK

3460 PAVEMENT TYPE Aor T,-"THICK
{Typa A or T on Plans. Alternative
itemsi in Proposal)

REPATR COURSE TYPE A or T
{Foar repairing concrete pavements
nse. Type A or T on Plans, Alter-
native items in proposal. For repair-
ing bitumincus pavements, type will
be governed by existing pavement
type.)

3.11 CONCRETE PAVEMENT SUR-

FACE, PLAIN -"THICK

CONCRETE PAVEMENT SUR-
FACE, REINFORCED -"THICK

*CONCRETE PAVEMENT SUR-
FACE, REINFORCED, -"AVIR-
AGE THICEKNESS

BRIDGE APPROACH SLABS, RE-
INFORCED, -*THICK

[SVRI)
o =

1953

Unit
Sq. Yd.

Cu. Yd.

Ton
Gal.,

Teons

Gal.
Sq.Yd.

Sq. Xd
Gal.

Sq. Yd.

Tons

Tens

Tens

Sq. Yd.
Sq. Yd.

2q. Yd

S5q. Yd.

o1




Section 2—Payment Ilems F-4

Div.
Sec. Ttem Unit
*DOWEL  TYPE  TRANSVERSE Lin Ft.
JOINTS
“TONGUE & GROOVE TYPE Lin. Ft. .
TRANSVERSE JQINTS
*REINFORCEMENT STEEL Lbs.
*EXTRA CEMENT Bags
3.12 GRANITE BLOCK PAVEMENT Sq. Yd.
RESET STONE ELOCKS Sq. Yd.
RATLROAD CROSSING PAVE- 8q. Y \.
MENT
313 *CALCIUM CHLORIDE Tons
*BROKEN STONE OR WASHED Culvd.
GRAVEL
*BROKEN STONE, ROCK FILL, ETG, Cu. Ydher
Fomns .
*CINDER SURTACE \Eu. Yd,
*TACK COAT ral.
*PRIME COAT Gal.

4.1 CLASS C CONCRETE@GH Struc- Cu. Yd.
tures, Walls, Steps, ¢,

42 STEEL STRUCTURES N\
43 TIMEBER STRUCDURES M.B.M.
sTREATED TIMBER CAPS & MLBL M.
STRINGERS
SWOOD CRADIE, BIC, M.B.M.
4.4 TEST PILES Units ar

Lin. Ft.
TIMBER \RPMLES, TREATED TIM- Lin. Ft
BiER BILES LERC

4.5 TIMBERUSHEET PILING S5q. I .
5.1 UNDERDRAIN TYPE F. TS5 ETC. Lin Ft .
CCOMBINATION DREAIN Lin. Fi,
{Separaw€ fiem {or each size of pipe)
CELAY PIPE, STANDARD Lin. Ft.
SPRENGTH .
SCLUAY PIPE, EXTRA STRENGTH  Lin. Fr.
@AY PIPE, SANITARY SEWER Lin. Fu .
52 SREINFORCED CONCRETE Lin. Ift.
CULVERT PIPE, STANDARD
STRENGTH

REINFORCED CONCRETE CUL- Lin. Ft
VERT PIPE, EXTRA STRENGTH

(For drains 12" to 48" diam. inclu- .
s1VE.}

CPLAIN CONCRETE CULVERT Lin. Ft.
PIPE

CAST IRON CULVERT PIPE, Lin Ft
EXTRA HEAVY

1953




I’Section 2—Payment Items

Div.
Sec,

5.3

1953

Ttem

-"CAST IRON CULVERT TPIPE,
JACKING METHOD

-"CAST JTRON WATER PIPE
CLASS 50,{l.aving Conditions B or
other as required)

“"CAST IRON SOIL PIPE

CORRUGATED METAL CULVERT
PIPE, BITUMINOUS COATED

-"CORRUGATED METAL CULVERT
PIPE, BITUMINOUS COATED,
PERFORATED ENDS

SCORRUGATEDY METAL PIRE
ARCH, BITUMINQUS COATED

RELAID -» (kind} PIPE {(gmgbuped
where feasible)

*FILLING EXISTING DRAIN ((with
sand, ety

FREMOVAL EXISTING/-"to-" dkind)
DRAINS

SCLEANING EXISTING DRAINAGE
STRUCTURLS

MANHOLES N

*MANHOLESOSANITARY | SEWER

*MANHOLES, USING EXISTING
CASTINGS

*RECONSTRUCTED MANHOQOLES

NEW MANHOLE HEADS

INLETS, YPE.-

SINLEESE TYPE-USING EXISTING
CASTINGS

*INEETS CONVERTED TO MAN-
HOLES

“RECONSTRUCTED INLETS

NEW JANLET HEADS

CATCH BASINS TYPE-

“CATCH BASINS, TYPE-USING
EXISTING CASTINGS

*EXTRA DEPTH OF MANHOLES,
INLETS, & CATCH BASINS RE-
LOW &8 FEET

*MASONRY WALLS (Added to Exist-
ing Inlets and Manholes}

RESET MANHOLE INLET &
CATCH BASIN HEADS

*FLUME INLETS

*RESET SEWER & WATER VENTS

*REINFORCED CONCRETE MAN-
HOLE CAPS

*REMOVAL OF TRACK INLETS,

ETC.

h

F-5

Unit

Lin.
Lin.
Lin,
Lin,

Liaf

Laa,
Lin.
Lin,

Lin.

Ft.
Ft.

Ft.

Ft, \

Ft.
Bt
Bt
Ft.

Lump Sum

Units
Units
Units

Units
Units
Units
Units

Units

Units
Units
Units
Units

Lin.

Lin,

Irt.

Ft.

Units

Units
Units
Units

Units




Section 2~Payment Items F-6

Div,
Sec. Ttem Unit
54 CONCRETE GUTTER, -"THICK Sq. Yd.
RUBBLE STONE GUTTER Sq. Yd.
GROUTED RUBBLE STONE GUT- Sq. Vi. .
TER
*CONCRETE APRONS, - "THICK Sq. Yd.
55 *WOOD CURR Lin. Ft.
9" x 20" CONCRETE CURE Lin. Ft.

*COMBINATION CONCRETH CURB Lin. Fo

& GUTTER \.
GRANITE, BLUESTONE or FLAG Ain. It
STONE CURR
*RESET GRANITE, ETC. CURB LujF(
56 -7 x -~ WHITE CONCRETE VER- lam I
TICAL CURB
x# x .7 WHITE CONCRETE SLOP.| Lis. Fi.
ING CURE .
57 BITUMINOUS CONCRETE SiDI. SNons
WALK TYPE-, ~THICK
*6" GRAVEL OR MACADAM|SIDE. Sq@Vd
WALK BASE
PENETRATION MACADAM SIDE__S§ Yd.
WALK, -*THICK
CONCRETE SIDEMALRIETTHICK Sq. Yd.

*CINDER SIDEWALK, -"THICHK Sq. Yd.
*BRICK SIDEWALK Sq. Y.
*RELAID (kind) SIDEWALK Sq. Yd,
58 *WHITE CANCRETEISI.LAND Sg. Yd,
PAVEMENT &THICK
5.5 DRY RUBBLE WALLS Cu. Yd
MORTAR RUBBLE/MWALLS Cu. Yd
5.10 CONCRETE, CRIBBING Cua. FL
SEBQNE FILL FOR CRIE wWALL Cu Yd .
511 JHEADWALIS Cu. Y.
CULVERTS Cu. Y4
REBMOYBAES OF EXISTING CUL- Lin Ft,
VERTS
532 MONUMENTS Unitg
sSFEDERAL PROJECT MARKET Units
BPOSTS .
5.13 \ 'WIRE ROPE FENCE Lin, I't,
“GUARD FENCLE ANCHORAGES inits
*BEAM GUARD RAIL Lin. Tt

“RESET WIRE ROPE FENCE US- Lin. Tt
ING OLD POSTS

*RESET WIRE ROPE FENCE US- Lin Ft, : .
ING NEW POSTS ]

*GUARD FENCE POSTS Units

SWIRE MESH FENCE Lin. TrL

TWOQOD BARRICADE Lin. Tt

*RESET WOOQD BARRICADE Lin. Tt

1953




Section 2—Payment Items

Div,
Sec. Ttem

*ROUGH CUT TIMBER GUARD
RAIL, LOW TYPE
*ROUGH CUT TIMBER GUARD
RAIL, HIGH TYFE
514 PIPE RAILING
515 WROUGHT IRON PIPE
CONDUITS (Electrical)
*JUNCTION BOXES (Electrical)

1953

F-7

Unit
Lin. Ft.
Lin. Ft.
Lin. Ft.

Units







: . SECTION 3
SURVEYING Al
CONVERGENCE OF MERIDIANS FOR
NEW JERSEY
To convert bearings from N. J. Plane Coordinate

System North to True North use ithe following
Table of Convergence.

Per Mile Per 1000 FL.%

Latitade East or West East lor Weésl
3g° 42 1+ g
3915,° 42 .85 8.127
40° 436 3.26"
4015° 44 47 8.417
41° 4527 AN BA67"
411%" 46071 871

NOTE: North for Riane ‘Coordinate System -
True North at :B 40 West Joongitiide.

FORMULA: Com ergence off Meridians = {Diff.
in Longitude i min.} * Sindof Latitude. If pos--
sible use coerdinates to determine distance east
or west ofte-48 . "Ehe Coordinate for 74° 40° is
2.000.000 B, 780 '

East@@iidas40 —Add corrections to N.E. or S W.
Bearing.
Subtract corrections from N.W. ar
53.E. Bearing.

West of (747 407--Add corrections to NNW. or S.E.
Bearing.
Subtract corrections from N.E.
cr 5.'W. Bearing.

STANDARD NORTH POINTS

Where bearings are referred to ihe New Jersey
Plane Coordinate System, this Arrow is to be used.

b
.1 'f ,,,,,, 4
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Sectiop 3—Surveying B A2

Where bearings ave referred to True North, this
Arvow is Lo be used.

.

B - — @

A3t

Where bearings are referred to Maanetic Nortly,
this Arrow is to e used.

North Points to be drawn 67 long(on Standgied .
Size sheets,

North Points {for stiecls of oldier sizek dee 40 be
drawn in proportion.

CONVERGENCE 81 MERIDIANS
The distance between meridi@nsg foreach second
- of arc is as follows:

U Latitude 39- @9%,  40° 4dh, 410 410,

Length of
Arc per T893 IBBOCRT.83 1125 T6.68° 76107
Second of
Longitnde
" Example: To find cenivergence of meridians atl 40° .
latitvde, with coordinate of 2.005.280 REast.
Given: True North is at 74740° West Longitude or
2.0000000° “East coordinate.

Coordihate dor point of transit is 2,005,280 E.
2005 ,288 2,000,000 5,280°. Distance point is .
Eastpal True North meridian.

3.280° divided by 77.837 - 67.84 seconds of longi-
tadinal arc.
Using Formula: Convergence of meridians (in min.
or sec.) © Diff. in longitude in minutes (or sec- .
onds}) > sin of latitude.
Convergence 67.84 seconds . sin of 407 .. 43.67.
This correction should be added to N.E. and S.W.
bearings or subtracted {rom N.W. und S.E. bear-
Ings.
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Section 3—Surveying T o Bel

CORRECT HORIZONTAL DISTANCE FOR -
MEASUREMENTS MADE ON SLOYES

. Slope Vertical Slope Correct Horizon-
Distance Distance Ratio tal Distance
1007 . 0.5 99.9988/
100 1.07 1¢0:1 99,9957
100° 1.2/ 99,9937 s
. 100/ 1.4/ 96.990¢ \ :
' 100° 1.6/ 09.987/ -~ %o
100¢ 1.8/ 99,9847
100" 2.0/ 50:1 99,980’
100" 2.27 99.576¢
1007 2.4 99971/
® 2.6/ 99.966¢
100/ 2.8 N 99.9617
100° 3.0 99.955°
1007 3.27 99.949°
100/ 3.4/ 99.942¢
1007 3.67 N\ 99.9357 R
1007 3.8 -99.9287 - -
100’ 4.04 251 99,920/
1007 4 27 99.9127
100/ 4,47 99,9037
1007 4.6¢ 99,8947
100/ 4.8 99.885"
1004 5.0 20:1 - 99.875
100/ 5.2’ 99.8657
o 100° 5.4 99.854/
100” 5.6’ 99.843¢
1007 58 99,832/
¢ 100~ 6.0” 99.820/
) 1007 6.57 - 99,7887
. 1007 RV 99.7754"
100/ 7.5° 99.718’
100 8.0" 69.6797
100” 8.5’ 99.638" - .-
100" . 9.0 99.5947 o
100 9.57 99,548
. 100¢ ' 10.07 10:1 99,499/
1007 11,07 99.3937
100” 12.07 99.277’
1007 13.0/ 99.1387
100” 14.0/ . §9.015"
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Section 3—Surveying . B-2

Slope Vertieal Slope Correct Horizon-
Distance Distance Ratio tal Distance

1007 15.0° 98.868"

100 16.0" 98.711* .
100 17.0¢ 98.544"

100/ 18.0° 98.367/

1007 15.0¢ 98.178"

100/ 20.07 5:1 97.980"

100” 25.0° 4:1 96.825”

100° 30.07 95.3947 \.
100/ 33.33 3.1 94,2811

100 35.07 936757

1000 40.07 91.652"

100/ 45.0” 89.202¢

100/ 50.0 2:1 86.603 o
100’ 55.0” N\, 83.185/

1007 97.143” 134:4 82.065"

100’ 60.0” 80.000/

1007 65.0" 75.5627

100/ 66.666" 135 de N 74.535"

100/ 70.0 71.414"
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Section 3—Surveying

i
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Section 3--Surveying ¥

TEMPERATURE COEFFICIENTS FOR STEEL

TAPES
. (Correction per foot)
°F "B °F °F °F
- T 3 =

68 .00000000 68 51 .00010965 85 34 .00021930
67 .00000645 69 50 .00011610 86 33 .000225%
. 66 .00001290 70 49 .00012255 87 32 .00023220
65 .00001935 71 48 00012900 88 31 00023865
64 .00002580 T2 47 00013545 89 30, .00024510
63 .00003225 T3 46 .00014190 90 29 00025155
62 .00003870 T4 45 .00014835 91 28 .000253800
. 61 .00004515 75 44 00015480 92 27 00026445
60 .00005160 76 43 .000161257°93 \26 .00027090
59 .00005805 T7 42 00016770 94 25000027735
58 .00006450 78 41 .00017415 85 24 .00028380
57 .00007095 T9 40 .00018060 96 23 .00029025
56 .00007740 80 39 (00018705597 22 .00029670
55 .00008385 81 38 00019350198 21 .00030315
54 .00009030 32 37 .00019995/99 20 .00030960 -
53 .00009675 83 36 .00020640 19 .00031605
52 .00010320484 35, .00021285 18 .00032250 .
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SECTION 4 R
TABLES A-1

AREA IN ACRES PER HUNDRED FEET OF

. LENGTH FOR VARIOUS WIDTHS OF
RIGHT OF WAY
Width of Area In Width of AreaIn
New Right Acres New Right Acres
of Way Per 100 of Way Per 1607
o 1 00229568 807 18985508
5 011478 100 229568
16.5" 037879 1107 22525
257 057392 1207 2275482
33 075758 1407 2321396
. 49.5" .113636 1447 330579
50’ 114784 1467 N\ 335170
60" 137741 1507 344353
66’ 151515 1547 353535
iy 160608 2007 459137
75 172176 2507 573921
300" 688705

TO USE TABLE: (1) Take afea for appropriate . =
width of newgzight)of way from table and mul-
tiply by number of 100’ stations. (2) Take area
for existing right of way from table and multiply
by number of 1007 staticns. (3) Subtract (2)
fromd(1) and the résult is the area of the parcel.
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‘SBection 4Tables - A.2
ALTERNATE TABLE
AREA IN ACRES PER HUNDRED FEET OF

LENGTH FOR VARIOUS WIDTHS OF .
RIGHT OF WAY
Width of AreaIn Width of AreaIn
New Right Acres New Right Acres
of Way Per 1007 of Way Per 100°
1 00229568 90.5’ 201788 NP
5 011478 94.5 216942
14+ 032140 96.5 221534
. 18.5° 037879 100* 229568
. 25 104 57 .239895
- 30.5 070018 107’ .245638 .
337 075758 107 N 252525
34/ 078053 111 254821
44+ 101010 113 259412
a7 .107897 12070 275482
49,57 113636 121" 277778
< 50.57 115932 1347 307622
547 .123967 140/ 321396
60° 1447 .330579
60.5 138289 146/ .335170
- 867 151615 1507
87 153811 150.5’ .345500
70.5! 261846 1547 353535
74/ 169881 167° .383379 .
75 184+ 422406
it 176768 2007 459137
78’ 2179063 200.5 .460285
80’ 183655 217’ 498163
a7 .199725 2347 537190 .
88 202020 250” 573921
250.5" 575069,
267 612948
3007 .688705

TO USE TABLE: Subtract width of existing
righ of way from width of new right of way. Look
up area and multiply by number of 100’ stations
to get area of parcel.
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Section 4—Tables S Bl
CHAINS AND LINKS TO FEET

Chains  Feet Chains  Feet (_!huiunﬁw Feet Chains Feet
. 1 66 51 3366 101 6666 151 9Ddh
P 132 62 3432 102 §732 162 10032
3 198 63 3498 103 6798 1E3 10098
4 264 54 3564 104 6B64 164 10164
5 130 55 3630 106 6930 155 10240
6 - 396 56 3696 106 6396 156 10296
7 462 57 3762 107 7062 157 10362
. 8 528 68 3828 108 7128 158 1043&
9 594 59 3894 109 7194 159 1049
14 660 G0 3960 110 7260 160 10660
11 726 61 4026 111 7326 161 10626
12 792 62 4082 112 7392 162 10692
13 8568 63 4158 113 7468 162 Miz64
14 024 64 4224 114 7524 164, 10821
. 16 950 65 4280 115 9890 166 10830
16 1056 €6 4356 1160mmit56 166 10956
17 1122 67 4422 A7 7$§a 167 11023
19 1188 68 4488 118 4788 168 11088
19 1364 €9 4564 119 4 "854 169 11154
20 1320 70 462D 120l 7920 170 11220
21 1386 71 4688 191 %, 7986 171 11286
22 1452 72 4782 122\ §0R2 172 11352
23 1518 73 o, 481K 123\ ) 8118 173 11418
24 1584 74 4884 124/ 8184 174 11484
25 1650 75\ 4950 126  B250 176 11550
26 1716 76, ) 5016 126 8316 176 11616 -
27 1782 77 5082 127 8382 177 11682 -
28 1848 8 bld48 128 B448 178 11748
2y 1914 79 5214 129 8514 179 11814
20 1980 80 | 5280 130 8680 180 11880
3140 2046 81 4 53148 131 8646 181 © 11946
2 2192 sarl 5412 132 8712 182 12012
. iz 2178 83 5478 133 8778 183 12078
34 2244 84 B5d4 134 8844 184 12144
35 ), 2310 86 5610 135 8910 185 12210
36 MZ376 86 5676 136 9976 186 12276
27 2442 87 5742 137 9042 187 12342
38 2508 88 5808 138 9108 188 12408
29 ) 2674 89 5874 139 9174 189 . 12474
. 40 2640 90 5940 140 9240 190 12540
41 2706 91 6006 141 9306 191 12606
42 2772 92 6072 142 9372 192 12672
43 2838 93 6138 143 9438 193 12738
44 2904 94 6204 144 9504 194 12804
45 2870 95 6270 145 9570 195 12870
46 3036 96 6336 146 9636 196 12936
. 47 3102 97 6402 147 9702 197 13002
48 3168 98 6468 148 9768 168 13068
49 3234 99 6534 149 9834 199 13134
¢ 3300 100 6600 150 9900 200 13200
100 Linke = 1 Chain. Point off two deeimal places if
Links are required. Example—1 Chain, 93 Links == 1.3

Chains == 127.38 ft.
1948




Section 4—Tables

CONVERSION OF MINUTES AND SECONDS TO
DECIMAL PARTS OF A DEGREE

c

Minutes Seconds
o’ | o’oooooo o” | o’oooooo
I 016667 1 00278
2 033333 2 00556
3 050000 3 00833
4 066667 4 OLIIL
5 083333 5 01389
6 100000 6 01667
7 116667 7 01944
8 133333 8 02222
9 150000 g 02500
10 0.166667 10 0.002778
II 133333 | § AN ©3056
12 200000 12 03333
13 216667 13 030hII
I4 233333 I4 03889
I5 250000 15 04167
16 266667 16 C4444
17 283333 17 04722
18 300000 18 05000
19 316667 19 05278
20, 11©.333333 20 | 0.005556
21 350000 21 05833
22 366667 22 QOIIX
23 383333 23 06389
24 400000 24 06067
25 416667 25 06944
26 433333 26 07222
27 450000 27 07500
28 466667 28 07778
29 483333 29 08056




Section 4-—Tables

CONVERSION OF MINUTES AND SECONDS TO

- C-2

DECIMAL PARTS OF A DEGREE

30 0.500000 30 0.008333
31 516667 31 08611
32 533333 32 08889
33 550000 33 09167
34 566667 34 09444\
35 583333 35 09722
36 600000 36 10000
37 616667 37 10278
38 633333 38 L0556
39 650000 39 10833
40 0.666667 40 0:0XTITI
41 683333 47 I1389
42 700000 42 11667
43 716667 ™43 11944
44 733333 44 I2222
45 750000 45 12500
46 766667 46 12778
47 783333 47 13056
48 8ogboo 48 13333
49 81666% 49 13611
50 | 0:333333 50 | 0.013889
51 850000 51 14167
52 866667 52 14444
53 883333 53 14722
54 900000 54 15000
55 916667 55 15278
56 933333 56 15556
57 950000 57 15833
518 966667 58 16111
59 983333 59 16389
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CURVE DATA TABLES '
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Section 4———T;:1bies——Curvc Data E-2

EXPLANATIONS AND USE OF TABLES

Taste No. l-~TarLr oF TaNcENTs, ExTerwars anp Min-
pLE OrpiNaTEs For 10000 Fr. Rapius Curve, : .

Given: & == 16706, Radius == 80K Fr.

Required: Tangent and external.

Method: IFrons table take length of tangent for 10,000

fr. radius and angle of 16700, Take length of tangent

for 16710, Subtract first figure from sccond fgure.

Take 6710 of difference and add to fArst fguze. The

sum ' is the tangent length for 10,000 ft. radius ag

16°06" delta; the numerical value heing 1414.309 fect.
_ To find tangent length for 8,000 fr. radius curé® take
i }Z{E?] of 1434309 or .8 x 1414309 — 1131447 feer, .

Externals and middle ordinates arc (‘nmpntcdx" sing
the same method.

Tarre Ne. 2—Tanrr oF Arc Lipdris To s Ramvs b
Example: N\
CGiven: & == 167067, radilis —< ST It
Required: Lengrh of gusve.
From table—length of arc fordl6® - 02792527

Add leagth“eBarenfor 06/ e (L7453
Totallengeh Tor fadius 1 - 0.2809980
Mulaiply by B
" Length o curve o 2247 984 .

Tanrdio. 3.2 LeNeTH oF Ciorp For Arcs orF 107, 257, 50y,
755 W0 ande2tKY .

Exampies

Given: | Ratius= 300 ft.

Required: Length of chord for 257, 307 and 1007 of are.

Fram tablc-opposite radius of 3X)” in column for 257 of
“Jarc is shown length of chord to lay off for 257 of arc,

Thus—For arc of 25 {1, chord === 24.993 fr.

Z For arc of 50 fr., chord == 49942 fr.

~ For arc of 100 fr., chard = 99,538 ft.

- When it 15 neeessary to lay off an are with a length other -
than any shown in the tables, the correct chord length
may be computed by taking the sinc of the deflection
angle for that Jength of arc and muluplying by two
‘times the radius.
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Tarer No. hTamie oF DerLections Per Foor oF Arc
ror Rapmm From 25 Feer To 40,000 FegT,
Fxample:
Given: P.C. Sta, == 192-2-40, P. T Sta. =~ 21448798,
Rading == 800} feet, 4 == 15°00",

Required: Deflections from P.C. to <00 Statiens {or
entire curve.

From table—deflections per foot far 8,000 ft. radius “—\
02?49 minutes.

Deﬂectlon = (1.2149 min. /< 6) == 12 894 minutes. 4
Deflection to be added for each MM fe.“efy are =50
02149 > 100 = 2149 minutes. N o
Deflection for arc hetween 214-4=08and 214--872.98 = - -
0.2149 % 87.98 == 18.9069 mim:hs _
Deflections for total arc: -
Ist arc =417 894 minutes

2100 ft. of are == 21 28 21.49°%451.290 minutes
Last arc SN 18907 minutes
Total - 4503'091 80091

The discrépaney o091 occurs because of the hnmted L
numbef of places in dcfection table. : e
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Section 4—Tablés—Curve Data E-4

TANGENTS, EXTERNALS AND MIDDLE ORDINATES
FOR 10000 FT. RADIUS CURVE. TABLI 1.

Cen. Radius = 10,000 Ft. Cen. Radius = 10,000 Fi.
Angle Mid. Angle Mid.
(Delta) Tan. Ext. Ord. {Ielta) Tan. Tixt. Ord.
0° 0.00 0.00 0.00 10° B74.89 3820 3806
190 1454 0.01 0,01 100 8R9.54 39.49 39.21 -
2y 29.09 0.04 0.04 200 9421 40.80 10.63
300 4363 0.10 Q.10 30 91B.87 42.12 41.95
400 5338 0.17 017 400 93354 43.48 4129
B 7272 0.26 0.26 500 948.21 44.86 14.66
1 87.27 0.28 0.38 11° 962.89 4625 46004 ‘
10 101.81 0.52 0.52 100 9TT.5T 4167 47.44
200 116.36 0.68 0.68 o200 po226 4911 4887
300 13001 0.8 .86 30 1,006.95 50.57 B0.32
400 145,45 1.06 1.06 40¢ 1,021.64 52408 51.98
LB 160.00 1.28 1.28 500 1,036,534 52,56 53,27
2° 174.55 1.52 1.52 120 L05L04 55.08 54.78
S 1810 1.79 178 100 1,065.75 56.63 31
200 208.65 2,07 2,07 20 1,080.46 58.20 57.86 .
80 21820 2,48 238 300 1,08538 59.70 5944
400 28275 2.7 241 46 1,109.90 ¥1.41 1.0
500 24781 3.06 5.08 500 1,124.63 3.04 62 65
3° 261.86 2.43 243 1w [1,189.36 64.70 64.28
100 296.41 3.82 2.82 102 (1154409 66.38 65.04
200 200.97 423 421 200 1,168.85 64.08 67.62
300 305.53 467 166 300 1,188:68 69.80 69,32
400 320.09 512 5.12 A0 1,19&33 T1.54 104
SBO354.65 5.60 5.60 500 1,213 7351 72.78
Nt 349.21 6.10 6.04 1457 1,227/85 7510 74.54
o 10 8e8TT 6.61- £.61 100 1,24261 76.91 76.42
200 . 37834 7.15 710 200 _1,267.38 7874 78.12
COB0C 392,00 7.72 791 30001,272.16 80.60 19.95
A 40747 .30 8.2 4 1,286.94 82.47 A1.B0
£ B0 422,04 8,90 8.80 B0 1,301.73 84.37 B3.66
LB 43661 9.52 9,5% W 1,216.63 86.29 85.55
ST 10 45118 10;7 }u 16 100 1,331.82 £8.23 B7.46
S200 46576 10,84 10.8% 200 1,346.132 90,20 £9.34 )
300 480.33 1154 11.52 a0° 1,260,946 92,18 91.34
CA 49401 12,24 1223 4 1,375.76 9419 az.31
500 EOOBO 12,97 12.95 500 1,390.58 96.22 95.51
6° 524.08 12.72 12,71 16° 140541 98.25 57,32
1, 538,66 14.50 14.48 10¢ 1,420.24  100.85 179.25
200 N653.26 15,2% 16.27 200 143508 10245 10141
S0 BBT.B4 1611 16.08 My 1,449.93 10457 103.4%
400 58243 15.05 16.92 40 146478 19671 10558
CBr 50708 181 1778 50° 1,479.64 10888  107.70
\ 7 #1162 18.60 18.65 170 149451 11106 109.84
10 626.23 10.5% 1855 100 1,500.38 11327 11200
2000 G40/87 20.51 20.47 20 1,324.26 11660 11418
30¢ J6Bh.44 2146 21.41 300 1L,h29.5 11796 116.99
40 67004 22,42 22.57 400 1,55404 12003 11861
S 684.65 2:.41 2036 500 156884  122.8%  120.85
g4 60027 24.42 24.36 18 1,583.84- 12465 12312
A 107 m13sn 25.45 25.39 100 1598776 12700 12540
200 72851 26.50 26.43 o 1,614.68 12036  127.7%
"800 74213 2757 27.50 300 L62ZBE0 18LTH 13004 )
A0 TRT.76 28.67 28.59 400 1,643.54  134.16 13239 .
B0 77238 20.79 29.70 500 1,66R.48 12660 13475
ge 787.02 3092 20.83 18*  L,E73.43 13905 18714
1 80165 3208 31.98 16 1,688.28  141.53  139.56
2y  B16.20 43.26 anik 20 1,708.34 14407 141.9%
Y 830.94 44.46 24,35 900 1,71831 14636 14444
40" B45.58 35.6% 36.56 40 1,733.29 14910 14691
© 5y BE0.23 56.93 26.80 50 1,748.28 15167 14941
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F-3

TANGENTS, EXTERNALS AND MIDDLE ORDINATES

FOR 10000 FT. RADIUS CURVE,

TABLE 1.

Cen. Radius = 10,060 Ft. Cen. Radius = 10,000 Ft.
Angle Mid, Angle Mid,
{Delta) Tan. Hxt. Ord. Dalta Tan. Ext. Ord.
07 1,i63.27 15487 15192 307 267949 35296 34074
0 LTTRET 156.88  154.46 1Y 2,89509  S5G.8L 24452
2y 178328 15052 157.02 200 2,710.60  260.88 34804
200 1,80830 16218 15059 307 272631 364.98 35313
40 1,823.3 164.87 162,19 46 2,741.95 36010 35504
. 50 183845 18757 16481 S 2,757.59 3732540 858
215 1,855.88  170.30 16745 S1° 0 277325 3TAZ e
Y 1,868.44 17308 17011 107 2788020 28162 36759
200 1,884.50 7581 17279 200 2,804.60 ) 28584 47151
200 LBYRSG 17863 175.50 B0 2,820,209 11890000 895.45
400 1,013.681 18145 17822 40 2,826.00gm 80437 237441
Gy 1,828.71 184.50 18096 s0° 285102 84867 < 2Bsas
2 1,943.80 18717 18878 43¢ 286045 402,98 0, 187148
. M 195890 18006 18B.51 10 2880 407,35 ME91.40
200 1,974.01  192.9T  180.32 2UpmRRg g6 41172 UH05.44
800 LBRGIZ 19591 19215 Ehg 2,913\ 418,13 59950
400 200425 19887 19500 A 2,930 42065  403.58
500 201988 20186 197.86 S 28460 42501 40768
230 2,03452 20487 20075 280 4206214 ) 42049 41180
T 2,049.67 20790 203.66 3 2.977.060 0 42400 41594
20 2,064.83 2LnY5  206.50 20° 2,993.80 438.5%  420.11
0 208000 21403 20055 SONG 00966 44309 42439
4 2,085.18 2317.13 212.62 4% 8,025,658 44767 428.49
607 2,110.37 220,26  £285.51 Alr8.041.41 452,28  432.71 .
24° 213551 218.52 347 4 VB05T.R1 45692 45685 0
Wr2,140.97 221.56 W 807322 46158 - 441,22
20 2,155.99 224,61 200 308004 466.27 44550
3 2,171.21 LERGY 300 210608  47.09 449.80
46 2,1B5.45 . 230.7% 400 8181.04 47543 45412
s 220068 [ 2aosel 23590 500 3,137.00 48050 45547
25* 221695 | \24880 20504 357 3,152.99 48520 462.83
- 167 298881 246.11 240.20 1 3,168.9% 49011 467.21
20 £,247.490 24945 24398 2 38500 40496 47162
a7 2,262.77 N2R2.B 246,58 HO3.200.03 49984 A4TR04
4012,270.06 \ B36.200 2490.80 4 321707 bi4T4 48049
. ot \2z2onaT 2ROl 25304 S0 3,238.03  509.67 484,95
26 Z@oges  BERO4 25680 B0 2,248.20 51468 4R9.44
i 9,884 01 266.50  259.58 iy 2206528 51961 49394
20, 2350300 200,08 262.88 2 328139 52461 40844
300230480, 20849 26621 wWyo8,807.51 32065 503.01
A BTN N 2TTH2 26955 400 331364 33451 BOTST
285 28057 272492 aly 322074 B3G.BL 51236
27% 240070 VZRAIE 276.30 210 8,345.95 S16.78
a0 2,416.18 2876 279001 r 5,362.13 521.39
200 2,431.58 20188 28302 200 5,378.33 526.02
B 244688 20503 28658 2y 2,804 54 50,50
40° 246241 20851 290.00 400 32,4107 535,38
B0 2,477.84 30241 29352 50¢ §,427.02 540.00
28¢ 249528 20614 9704 38° 244228 . 544,81
10 260873 309.89 30059 100 346055 58152 . 549.56
: 200 2,62420 21366 80412 200 5,496,85  5BG.8G  DB43R
. 3 2,630.68 31746 N0TED 00 3,49206 59222 550.11
400 255517 32128 31128 Hr 3,508.48  597.62  563.92
500 257066 32513 514.89 50 252483 60304  BESTA
257 258618 22900 #1852 390 3,541.10 G0B.49 57359
10 250070 83290 52218 100 3,667 56 G387 BT8.4b
200 2,817.28 33682 52585 200 3,573.96 #1047  BA3.34
Sy 263278 0LTT 8 00 259087 62501 BEB.24
4 264804 54474 93335 4 5,606.80  630.57 59317
B 266301 34874 35699 500 3,623.24  636.16

194€

5981l ot
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TANGENTS, EXTERNALS AND MIDDLE ORDINATES
FOR 10,000 FT. RADIUS CURVE. TABLE I

Cen. Rading == 10,000 It Cen. Rading == 30,000 Fti. <
Angle Mid. Angle Mid. .
{Teita) Tan. Eixt. Ored. (Teita) Tan. Ext. Ored.
A0° 63970 §41.78 B30T e 4,665.08 103378 936,92
307 565618 647.43 B{8.06 100 4,680.80  1,041.28 043.08
200 267268 £53.10 613.086 20" 4,698.54 1,048.81 949.25
AFO3,689.20 Go8.81 518.04 30" 4,716.31 1,05R.38 95546
400 BTORTS £64.54 623,13 400 4,734.10  1,083.98 961.66
BiY 3,722.28 70,30 628.19 50 4,751.91  1,071.62 DAT.90 \.
41° 3T38.85 676.09 632.28 2%’ 4,769.76  1,079.29 474.15
1 37955.43 681.91 BIR.AE 1 4,787.62 Q086.99 980.42
200 3,704 487.76 643.51 200 4,805,631 108HT3 086.74
30 178866 (93.64 G4B.65 30 432343 110258 993.02
4067 3,805.30 BH9.55 653.81 400 4,841.37  1340:30 989.35
By 382106 Tha.48 658.99 50 4,859.33 ATT8.14°7 100569
42° 3,858.64 71145 664.20 foy:ad 4,877,532 [ 1,126.02 101206
10° 585534 TITA5  669.42 100 4,895.51 | D123.95 100845 .
200 3.872.05 T34 674.66 20¢ 4,2158% T 241.87 1.024.85
a0 3,888.79 729,52 §79.92 30 48T 45 N‘iQ.SS 1,0233,27
40 3,205.54 73561 685,20 407 (4949.50 £ 1 TH7 BT ddl037.72
300 882881 T41.72 G450 A 4.967.6F 71, 16592008 1144.38
43" 4,.8425.11 TAT.RS G45.82 334 498582 117400  1,050.68
10 3956502 T54.04 M7 W B00500 118212 105730
20 397275 TRO.24 TN6.5% 20 H02RRY  1dd90 28 1,063.67
a0 3,5989.60 T6G.AT | T11.90 B 5,03&42 119847 1,070.21
40" 4,006.47 FT2.74 TIT.50 40070,058.67  1,206.70 107877
500 4,023.35 TIo03 TE22.92 B0 L07TRSS  1,214.96  1,083.34
- 44t 4,040.25 T85.35 2816 5 5,08525  1,225.26  1,080.94
100 4,057.18 TILTF T33.62 W 31258 1,231.60 100855
200 4.074.14 THB.08 T39.10 AFTLLSLe 123847

300 400101 804 50 744.60
400 4.108.10 B10.84 THOET
50 4,12511 14z 65.63
45 4,142.14 224,92 765,21
100 4,15%.19 B2 44 T66.T8
200 4,17648 B0 3 7208

515044 1,248.38
5,168.76  1,256.82
518720 1,265.30  1,123.19
5,205.67 1,125.89
5,224.17 1,136.62
" B,242,70

S 4,398.85 262 TTT.89 5,261.24
40 44240.46 THE.GH 8,295 .84
bl 482759 TRE.28 5,298.45

480 4,21495 T80
10°C4 26892 BO0.64
200 427812 S06.30
300 4,296.84 81208

Ay 451068 2G0GR 817.84
L' 4,830.84 BHTAE 223161

£7¢ 4,348.52 0441 825,40 a7 5,428 54 .
16 auhh s 911.38 B3h.21 1 5,448.40
26 4.382.7¢ 91B.27 841.04 27 546728
S 4 40001 02 84689 A 548619
46 4.417.48 932, BBZ2.TH 40 5,505.13
By 4,454.87 939024 8nR.G4 ab" §,024.04
48° 4,452,259 $46.36 864050 HE® 3. 3.80
10 4,469.72 90547 BTG.47 1r 5565 2260.86 4
240 448714 960.60 B76.42 200 267.94 .
3k 4.504.67 967,77 88238 35, 1,275.04
4y 4,622.18 374.98 88830 407 5.619.3 1,282.16
50" 4,539.71 982,21 304,37 B 563854 1,289.20
49° 4,257.28 389.48 D054 59° 5,657.73 1,206.44
107 4,574.84 996.18 DOR. 45 1 5,676.04 1,308.61
20 4,602.44  1,004.11 93241 20 5,848,148 1,210.8¢
ar 4,81006 101148 g T Ay 571547 31,318.01
407 4.627.71  1,01B,88 924.67 4l 573478 1,526.24

bl 4,645.3 1.626.31 HEN R 500 5,Th413  1,537.38 1,332.48
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RNALS AND MIDDLE ORDINATES
P, RADIUS CURVE. TABLE 1.

TANGENTS, KX
FOR 100060 F

Cen, Rading ~ 10,000 Ft Cem Radios == 10,000 Ft,
.‘ Arple Angle Mid.
(teita) { Delta) Tan. Txt. Ord.

GO~ i T 700208 2,207.75  1,808.48
He 100 762377 2,220.20 1816 8’
2y 2 704552 223271

3
A4

. Ol 5,870.85
. a1 BRI A4S

100 LOI0.06

30° 706740 394,)2;
30 7,089.18
590 7,111.01

71T 738295 2,281
100 715490 0 2,064

20 20 7,176.01 A 308, Sﬁ
no a6 T.198.97 HRE T
400 7 A 7,221.08 324

My ‘ISSB" 500 7,248@20 - ‘}47 5

G2 §,088.41

.- 10 6,028.42
wr 6

300 GU68. 15
Ay 6ORE0T
orOf,108.02

T 726048 226068 3,909,823

100 7,28%.67 2 ATA.TT L8858
S BU906, 238681 DTO26.96
Ry £ 2,414 1] :
dir g
ol

A4
1, 952, 79

—y~Tadl-1 -1 =%

61 a128. 1 1.061.43
10 s 10 197006
2 AGEND 1107897
S oan 108746
aty 240202 1.906.17
My 622 A JT51ZT6 50766 200400

61T 62860 74 2,015.455
tH? !: thR 94 w7 2,022.41
2 2 Sy 781 203119
a B T.G04.18 209008
s W LEITIE  LATETL  ZOABGY
50 z B TER6AD  2AM0.69  ZURT.62

i3 7 T TATIZT 260472 2A66AT

B 0 769 261582 :

2 200 7 2.

2 B0 7 204710

I 0 7,766 Z GRL 45 2, e
. 2 BT TRRIAG  ETETY 211095

G 6,494, l}“ TH* 2,690.18 2,119.84
P ond L 270465 212836
20 wTigd 2307.84

¥ 20 471 211683

o BT 10 o6 e 215584

I N e 216487

. - Aeeisss 190 Ty 4. 2.172.02
T fasoh 200 10 TR 2118298

20 6.6860.77  3,018.23
A A,681L70 202654
4 690285  Z,058.61
6,72304  2,050.87

20 800196
3 802585 2,201.16
4y £049.70 2,210.87
BOC B0TRT0 DB52AT 2,219.4«1

2,192.06

674500 206218 Tae 800784 2,B6T.60 22285
6, 10 8,12L403 288278 2237 7(!

720104
6IRT.AD  2,080.9
5,%08.76
6,530.07
6,851.42

200 8,146,012 258803 Z,246.8R
§ 2,256.07
2

3 B 17034
4 8194620 2. 128.72
8 821807 2,044.10

Rl
Zr B
Elly 8 ‘iiﬁ 91 i.l)(Jb -)H
4 BA4L55 300204
B B366.24 3 0.58.18

B.080.42
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E-8

GENTS, EXTERNALS AND MIDDLE ORDINATES
FOR 10000 FT, RADIUS CURVE.

TABLE 1.

a0
A
a0
B1°
30
20
A
400
By

30

A

8 ('Ih ah
8.641.9%
EAH6T.57

889287

BN 51
8,077.74
0,004.04

Y 0,038, -13

2,056.8
9,085.3

016351
9,1 9048

i (13169:

2
J ihd 74
4 484 I: a

572,
9,600.85
9,628.52

9,656,580
9,685.04
0,713.26
9,741.57
9,769,545
0,798.42

9.970.95

210217

455087
’ H‘T 24
18'3’ GE

242123
143874

3,001.64
3,921.20
4.940.86
3,060.59
5,080.42
4,040,335
4,020.32
4,040.40
406057
4,080 83
4,101.18
4,121.61

-)
z 77.(}8

2,462.41
2,472.02
2ARLGD
2,407.20
2,500,%1

2,010.44

2,806.60
281651
2.RE6.84

2,8h7.:’>{|
2,877.70
2,587.41
2 H0R 15
2 608 150
2018 6is

Cen. Radius = 10,080 Ft. Cen. Radius = 10,000 Ft.
Angie Mid. Angle Mid.
{Delta) Tan. Fixt, Chrid, {Della) Tan. Ext. Ord.
SO0 H3RL00 65407 2,039.56 50° 1000006 4, 1214 299892
1 841581 3,070.04 2,348.91 100 10,029,118 Z ) 1'9 "i
20 208607 200 10,0688.30

AT 1B087.65
40 16,117.04
B 10,146.51
15,176.07
107 10,205.72

2,4519.85

2,508
288054
2,900,691
300124
ik 1G9

40 m 205,20
A0 1032521
m,sr .20
16 10,386.49
20 1B
B A0,446.14
40430,476 50
307 40,5075

055 Y UIEST RO 3116.45
LI (15 ':{'8 >4 ;1"1(?1
g o "

y -
500 10 (\‘)Z 47 d ih') s3]

G4 1ARZ3.6E 4,662,779 .%,IB(I.I_!Z
W T07755.01 4 GR5.7T1T 3,190,668
200700,786,42 470874 120102

S 1081794 4,
400 10,840.55 4
50F 10,881.27 4

4

10,913.00
100 10,945.00
20 10.977.02
S 11.009.14
4 1104137
500 11,073.69

ST ILI0613

BU1.AT
4,825.42
4,849.07
1,872.83
486670
4,920L68
4,944.77
4,968.06
4,065,27
517,68
54221
5,068.8

W0 11336886
; 11718

60" 11,269.87

§7° 0 1LA02.04 509161
Hr 11,236.12 511647
200 11,369.4% 51414

A 11,402.8
4 11,486
50" 11,469.95

h,166.55
5,191.76
5,217

SA28.44

98« B 3 43') 41
10" 5,268.08 !
200 ) 293, 7"
A 5

407 i1, hiq 76
a0t 11,6%4.07

9 F1,T0R.A0
100 11,743.04
20 11,777.70
Br11,812.48
40° 11, 847.38

aly 11.882.40
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TANGENTS, EXTERNALS AND MIDDEE ORDINATES

FOR 10000 FT. RADIUS CURVE. TABLI 1.

E-g

. Cen. Radius = 10,000 Ft, Cen. Radivs = 10,000 Ft.
Anple Mid. Angle Mid.
{Delta)  Tan. Orid. (Idedta)  Tan. Ext Ord.

oy 1107 1428148 740447 4,264.24
1 B I ] 4 4,?.76 iG
207 11 ‘185 18 200 4,288.08
807 12,0270 h‘) 30 4,3()(1.03
407 12,059.83 40 4,511,890

. 50 5 gy \

101 111 1 ,-).)0.09 4,33544
1y 100 14,695.0% 4, >4’I &3
20 2 14,641.15 4 o
30 0 14,686.87 4571890
A0 ¢ 41 14,732.98 4,35:3.08
511N SAE2.3 Ay 14,778.2% 4,3486.02

1027 1234897 1127 14,8%8.61 4, 40807

. 1 12,585,765 10 i 4,420.14

0 1%, 20 4na2.21
5 12, iy ; 4,444.90
P 40’ 15()1’% B 8,035@1 4,456,490

O 1 {)é-f) 73 8,0’.’8.:5(} 446851

115 £15 l(lB an | 8,118.01  4,480.653

12,809 38 Bl 56.20 0 BIRT.93  4,402.78

200 12.647.06 28 &,198.07 4,504.91
M 12.684.94 B} 822842 4,517.07
40 1272286 41 8,278.80 4,529.24
B 12,761.12 Al l),'%riSJ 73 ESI1RTT  4,541.42

104¢ 12,790.42 11440 15,308.65  S360.79 455561

1 12 R%f b 10" 15,447.70 8,402,02 4,065.81
oy 8,443.48 4,578.03
3y 848516 4,600.26
- 40 5 RAZTOT 480240 o
649544 5,900.85 i }"; B4(>..>9 856022 4,614.74 7
G, 42680 ’, 1 b 115° 1560686  8,611.59 4 62’“ a0
G,455.01 3 1y 15,747.85  B654.20 28
6,480,358 ! 200 153,798.08  8,697.04
6,!»;’,():)(! 47.406 300 15,849.04  8,740,12
G208 '% ‘hs 51 Ay 1500024 878344 4.4676.16
l'),.)84 41 3.97024 50 15,951.67 882700 4, 65R.48
116%  16,005.55 887080 4..()(} 9-1
100 16,080.26  8§,914.85 4
1 (}(IS _1.1 20" 16, 10: 42 BBanid 4,7255‘(1
4, $16.75 3 ! Q003,68 4,737.86
402841 4 X 4.048.47  4,750.23
4,040,089 5 16, 5587 009RAL 4,762.62
4,051.77 1177 16.318.52 15R8.81 4,775
4,063.47 100 16,271.92  9,184.36 4,787.42
4,075.18 20 14,425.58  4,240.17  4,799.84
4,086,910 300 16,479.45 927624 481227
4,008.64 a0 16, 36 0,322.58  4,824.71
4,110.39 5 16,088.10  9,369.18 4,837.16
1187 16,642.80 9,4] £.04 4,849.62
1 168,697.78 4,862.09
207 16,7562.9% 4,874.58
300 16,808.448 4,8R7.07
PR 40y 16,864.26 21 4,899.57
i" 5) T6.44 B 16,920.81  0.604.44 401209

109" 1401948 4,192.97 110°  16,976.63  9,702.94 402462
1Y 14,062.70 4,204.82 10 17,02 9,751.74 493715
200 14,106,168 4,216.68 200 17,000.12  9.800.51  4,948.70
300 14, 14‘] h" ¥ 5ir B 17,147.28  9.850.17  4,962.26

2 Ay 1720474 §,804.82  4,574.83
a0 17,262.48  9,949.76

498741 -
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“* Qeetion 4—Tables-—~Curve Data

DEFLECTIONS PER FOOT OF ARC FOR RADII
FROM 25 ¥T. TO 40,000 FT.

TABLE IV.

tadius Defl in [Radius  Defl. in|Radius  Defl. inl Radiug  Defl. in . <%
off Min, of Min. of Min. of Min.
Curve ¥Per Fi.| Curve Per Ft.} Curve Per Ft.f Curve Fer Ft.
20 G8.7h49 GO 2.8G48 40000 04297 12,0000 (1432
L3 57.2058 Gaty  2.6445 4,1000 041921 12,5007 0.1375
3b7 401107 THY  2.45558 4,2000 040931 13,0000 0.3322
40 429718 THY 22918 43000 039971 13,500 pOBTe
S 4bt 381972 800 214861 4,400" 03907 14,0000 f01228
B0 3437756 8H0" 202221 4,6007  0.8R20 14,600" [D.1185
SoBhT 81.2522 ile 3 1.9099 4,600"  0.3737] 150085 0.1446
(B0 28,6479 950" 1.8093 47000 65T 160607 ) 01074
- __65' 26,4442 Loo 17184 4,8007  0.3381 {37,000 1011
SRE0TU2ABESS ] 14000 15626( 4,9000  0.35080 480000 00855
D BRO1RR ] 11,2000 14824 50000 0.34880109,000° 010905
LB Z1ABRG [ 1,300 12221 52000 43206 iKY QORLD
BB 2024594 14007 122781 5,400 L0.s18300 21 00000 0810
oy -19.0{_};86 1,6000 - 1.145% 5,600 | 0.2069 22,0000 Q.0781
95 __18.09-3' LGor  1.0743 | 580007 02064 2850000 040747
SA000 T 171887 ] 31,9000 10111 6,0000 _QBEGHIZL 000’ 0.G716
1100 1562621 1,8000  D.0549 6,200 S020727725,0000  0.0685
- _120'_' 14.3240 1,000 -05c45 | N6,400° - 0.2680 26,0000 00681
180152920 S2.0000 004 ] 66000 - 1dBOL| 270000 0.0637
12,2777 [ 2,100" 08185 68000002528 28,0000 0.0614
S 11,4592 2,200 7813 T0007 024561 200000 00501
207430 2200 0TS |\ 200 0.2387| 00000 60575
; RUBERY 2400 OF162 A0 02325 31,0000 0.0555
__18[)' K £.5458 1 2,800 4 0.6875 6000 G.2262 1 32,0000 0.0337
A0 L 5.0467 28000 0. 661 TEO0 022047 33,0000 0.0521
S200 85044 | 20 06566 80007 021491 34,0000 0.0506
22y _'."'.5395 28000, 0.6180 B200"  G.2096 | 850000 00401
250 G8FR5 | 20000 170.5927| 84000 0.2046 | 56,0000 06,0478
L -2THN6. 25905 30080 0.5730 B,6007  0.199% | 57,0000 (.0465
300 CEE06Y 00 us54s | 8 R00°0 01953 38,000 0.0452
3?’3 5. 2888, yatd) 0,537 G000 1910 30,000 0.0441
Be07 4,910 3,3008 05200 9,260°  0.1BG8 | 40,0007 (L3430
[qG 468371 3400 05050 94000 0.1829
D00 072 | R EO0T 04911] 9.600¢  0.1790
: 425’ 40444 S,6000 0477n G800 1754
45U’ SE197 57000 0.4646 10,0000 0.171%
L ATH 38007 45251 10,5000 0.1607
AB00 S0007 044071 11,0000 0.1563
B0 40000 04297 | 11,6000 0.1495
JTB00T T 28648 12,0000 01432
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Sestion 4«-Ta‘bles .

ENGINEERING CONSTANTS

0 deg. C..(32° F.) = freezing point of water

160 dep: C. (212° F.) = boiling point of Water. ats
atmospheric pressure

1.8 Fahrenheit degrees = 1 Centigrade degree : L
—270 deg. C, — absolute zero

33,000 ft. Lb, per min. == 1 horsepower (hp) A

550 ft. Lb. per second == 1 hp. _ N

1.3410 hp. = 1 kilowatt (kw.) ' ' '

745.7 watts — 1 hp.

T77.5 Tt Lbs. = 1 B.i.u.

2,545 (2,547) B.t.u. per hr. = lhp Qo

3.1416 =  (Greek letter “pi”)g=mpratio circumter- - '_
ence of circle to diameten~ ratio*area of circle’: :
to square of radius.

2,564 cm. = 1 inch.

39.37 in. = 1 meter =100 che
10.764 sq. Tt. = 1 3¢, meter o S
3.785 liters == lggal. S
0.62137 miles syl Kilometér R

SURVEYOR'S MEASURE EQUIVALENTS

7.92 in€hes = 1 link/’ 8 furlongs (80 ch.) =1 mile S
25.01Inks= 1 rod 10 square chains = 1 acre .
44Qrods = 1 ehain 640 acres = 1 square mile :

10.0. ¢hains or 220 yards = 1 furlong

LINEAR MEASURE EQUIVALENTS
Inches’ Feet) Yards Rods Furlongs Miles = -
1 0.0833 0.0278 0.00505 0.000126 0.0000158

12 1.0 03333 0.06061 0.001515 0.0001894 = -
36 3.0 1.0 018182 0.004545 0.0005682 .~

198 165 5.5 1.0 0.025 0.003125 =~
7920 660.0 220.0 400 1.0 0.125 -
63360 5280.0 1760.0 3200 8.0 1.0 -

1 nautical mile = 1/60 of 1° of Iatitude at ths :
equator == 1.1516 statute miles = 6080. 27 ft T
1 acre = 208.71 ft. on one side of sguare,

1948




Section 4—Tableg F-2

METRIC UNITS AN EQUIVALENTS

10 millimeters (mm.) = 1 centimeter (cm.)

10 em. = 1 decimeter (dm.)

10 dm. = 1 meter (m.) .
1000 m. = 1 kilometer (km.) (about 54 mi.)

inch == 2.5400 centimeters

foot = 0.3048 meters

statute mi. == 1.60935 kilometers
centimeter = 0.3937 inches

meter == 3.28 feet

kilometer == 3280.83 feet == 0.62137 mile
5q. cm. == 0.155 sq. in.

5q. meter = 10.76 sq. ft. = 1.196 sq.(¥ds.
hectare = 2.47 acres .
sg. km, = (0.386. sq. mi. AN

T A e bt b b et




Section 4—Tables R _(‘:-1"
FULLER’S RULE _ )
C = Cement in Bbls. for one Cubic Yard of Con-

crete
g = Sand in Cu. Yds. for one Cubic Yard of Con-
crete
G = Gravel in Cu. Yds. for one Cu. Yd. of Cond
crete
Cc= 11 S5=38Cs Gra.SCg\
c-+8+g 27 27

AREA OF ONE FOOT OF PAVEMENT INTHE
FOLLOWING WIDTIIS ’

Width Sq. Yds. Width Sq¥ds.

10 ... 1.11 230 N .. 533
s 1.22 L A 3.555
12 . 1.33 a3l L. .. 3.87
12 ... 1.44 35 ... 3.89
2 ......... 2.22 a4 L. 4.44
22 ... .. 2.4 500 . ... ... 5.55
24 ... 967 80 ......... 6.67
25 ... ... 518

SQUARE AMEASURE EQUIVALENTS

SquarelSguare Square Square Square
Inches Feet ¥ards Rods  Acres Miles

1 0.00694 0.00077
Ta4 10 0.11111
1295 9.0 1.0 0.03308 0.00020%
39204 “272.25 30.25 1.0 0.00625 0.00000977
43560.0 4840.0 160.0 1.0 0.0015625
640.0 1.0

CUBIC MEASURE EQUIVALENTS

Cubic Cubic Cubic : .
Inches Feet Yards Cord Perch
1 0.0005787  0.000021433 : S
1728 1.0 0.03703704
46656 27.0 1.0
221184 128.0 4.074074 1.0 . T
42768 24.75 0.916666 RN | R
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Section 4—Tables : - G-2
231 cu. incheg = -1 gallon
1 cu. ft. = 7.4805 galions
1 cu. ft. (water at 60° F.) = 6237 I1bs.
1 gal. (water at 60° F.) = 8.3374 Ibs.
32,5 gal. = 1 barrel
35.314 cu, ft. = 1 cu. meter
61.023 cu. inches == 1 liter




Section 4-—Tables I . H-

NUMBERS, SQUARES AND CUBES
. No Square Cuhe Sq.rt. Cua. rt.
1 1 1 1. 1.
2 4 8 1.4142 | 1.25099
3 9 27 1. 7321 | 1.4422
4 16 B4 2.0000 | 1.5874
. 5 25 125 2.2361 | 1L7L0FNN
6 35 216 2, 44960, 1.8171
7 49 343 2, 6458 | L 9129
8 a4 E12 2, 8284 olm 200000
9 81 720 3. 0000 | 20801
. 10 100 1000 3.1623 | 2. 1544
11 o 131 1331 3. 3165, b, 2. 2240
12 144 1728 3. 4841 . 2m2804
13 169 2197 346056 ¢ 2. 2513
14 196 2544 37417 & 24101
15 225 3375 stac 92, 4662
16 256 . 4006 1, 2. 5198
17 289 4913 41231 | 2.5715
18 324 5832 4. 2426 | 2 6207
19 261 6850 4.35%% | 2. 6684
20 400 8000 4.4721 | 2.7144
21 441 9261 4. 5826 | 2.75R9
22 484 10648 46604 | 208020
% 529 12167 4. 7658 | 2. 8439
. 94 B76 18824 4.8090 | 2 8845
25 625 15625 K. 2. 4240
26 676 17576 50000 | 20625
27 729 14683 51962 | 30000
28 YR 21952 52015 | 3.0366
29 g41 4389 53852 | 3.0723
. 30 900 27000 5.4772 | 3.1072
31 061 29791 5 G678 | 3.1414
392 1024 32768 5. 6560 | 3.1748
32 1089 35037 b. 7446 | 3.2075 ..o
34 1156 39304 5. 8310 | 3.2396 -
. 35 1225 42875 59161 | 3.2711
36 1296 48658 i -1 3.3019
. 37 1369 50653 6.0828 | 2.3322
38 1444 FA8T2 5. 1644 | 3.3620
39 1521 F9319 6. 2450 | 3.3912 .
40 1600 64000 6.3246 | 3.4200




Section 4—Tables

No. Square Cube 5q. rt. Cu. rt.
4 1681 653021 G. 4031 3. 4482
42 1764 TGRS 6. 4807 3. 4760
43 1849 79507 6. 5574 3. Hla4
44 1935 55184 6. 6332 3. 5303
45 2025 91125 4, 7082 3. 554G
46 2116 07336 6, 7523 = RA30
7 22006 103823 G, 8347 SH60%3
48 2304 110592 6. 9252 3. 342
49 2401 1175449 7. 3. GaYE
50 2500 125000 7, 0711 3. 6540
51 2601 139651 7. 1114N D, Tosd
52 2704 14G608 7. 2100 3. 7325
53 IR0D 148877 7. 4801 3. 7oG3
M 2016 157464 7. 5485 5. TTUs
85 3025 166875 7\4162 3. 8020
56 3136 275616 7.4833 3. 8259
57 3249 185193 725498 3. 8485
b8 3364 195112 7. 6108 3. 58708

- &9 3481 205379 7.6811 | 3.5930
60 3600 216000 7. 7450 3. 9149
i 3721 226981 7.8102 3. U365
1 3844 23328 7. 5740 3. 95749
S968 250047 7. 9375 3. 9791

4096 262144 8, 4,

4225 274625 8, 0623 4, 0207

43506 287496 8. 1240 4, 0412

4489 300763 8. 1854 4, 0613

4624 314432 B. 2462 4, 0817

4761 328509 8. 3066 4, 1016

4900 343000 8, 3666 4,1213

5041 35791 8, 4261 4, 1408

5184 373248 8. 4353 4, 1602

5329 389017 8. 5440 4, 1793

5476 405224 8. 6023 4, 1983

5625 421875 8. 6603 4, 2172

. BT76 438976 87178 4, 2358

5029 456533 8. 7750 4. 2543

6084 474552 8. 8318 4, 2727

6241 493034 8, BR&2 4. 2008

5400 512000 8. 0443 | 4. 3080

3]




Section 4—Tables

No. [Sguare Cube Sq. rt. Cu. 1t
81 65061 531441 2, 4. 3267
82 6724 551368 9. 0554 | 4. 3445
83 6330 BT1787 91104 | 4,3621
24 7056 592704 9.1652 | 4.3795
85 7225 614125 09,2195 | 4, 3508
BG 7396 6836056 9. 273000 4. 44D
B7 7569 /58503 3, 3274 4. 4810
83 7734 681472 ©.3808 [N 4480
89 7921 704969 0. 4340004, 464 T
90 8100 725000 9. 4568 4. 4534
4] 281 753571 9, 53 4. 4979
oz 8464 773638 Y, oY 4, 5144
93 8649 204357 9. 6437 | 458307
M 8836 830584 HB954 |4, 5469
a5 80256 857375 4. 7468 4 4. 5629
9 9218 584736 " 9. 7080 | 4.57%
97 400 912673 G 8489 | 4. 5047
68 9604 041192 98995 | 4.6104
99 9801 270289 9, 499 4. 6261

106 10000F 1000000 10, 4, 6416
101 10201 10363¢1 10,0499 | 4. 6570
102 10404 1061208 10,0095 | 4.6723
103 10608 1002727 10. 1480 | 4.6875
104 10816 1124864 10, 1980 4. 7027
106 11025 1157628 16. 2470 § 4.7177
106 11238 1191016 10, 2956 4, 7326
107 15449 1225043 10.3441 | 4.7475
108 110664 1259712 10. 3923 4.7622
i 13881 1295029 10, 4403 4, 7769
119 12100 1331004 10. 4881 4, 7014
11 12331 1367631 10. 5357 | 4.8059
112 12544 1404928 10. 5830 | 4,8203
113 12759 1442897 10. 6301 4, 8346
114 12996 1481544 10. 6771 4, 8488 S
115 13225 1520875 10,7238 | 4.8620 -
114 13456 1560394 10. 7703 4, 8770
117 13659 1631613 10. 8167 | 4.8910
118 13924 1643032 10. 8628 | 4. 9049
119 14161 1685159 10. 9087 | 4.9187
120 14400 1726000 10,9545 | 4.9324




Section 4—Tabies H-4

No. | S8quare Cuhe Sg. rt. | Cu.rt,

121 14641 1771561 11.0000 | 49461
122 14884 1815848 11. 0454 | 49597
123 15129 1860867 110005 | 4.6732
124 15376 1906624 11,1355 | 4, 9866
1325 15625 1953125 11. 1803 | 5. \.

126 15876 2000376 11. 225005, 0138
127 16129 2048383 11,2694 800265
128 16384 2097152 11, 3137 4pwb. (0897
129 16641 2146689 13. 3578 71 5. 0528
134G 16900 2197000 11.4018\ | 5. 0658 .

131 17161 2245001 | . 4456\
132 17424 2200068 | (11, 4891
133 17680 2352637 | | 11. 5826
134 17056 240610400 1145758
135 18225 260375 | 11,8190

136 18456. 2515456 116619
137 18769 2571353 1149047
138 19044 2628072 347473
139 19321 2685619 11. 7898
[ 140 19660 2744000 11. 8322

141 15881 28083221 11. 8743
142 20164 2863288 11. 9164
143 20449 2624207 11. 9583
144 20736 2085984 12.

145 21025 J48625 12.0416 |

ronAgren CrgngRgatn
b2
[=
e

g
g
=)

146 21316 3112136 12, 0830
..14% 25509 4176523 12, 144
148 218904 3241792 12. 1655
149 22201 3307949 12, 2066
150 22500 3375000 12Z2. 2474

151 22501 3442951 12,2882 ¢ 53251
162 23104 3511808 12,3288 | 5.5368
153 22408 3581577 12,3693 | 5 5485
154 23716 3652264 12,4097 . 5 5601
155 24025 F723878 12,4499 | 53717

gronininin
@b
o]
@
[=2]

156 24336 {  375C416 12.4900 | 5.3832
157 24649 3860893 12,5300 | 5. 3947
158 24964 3944312 12. 5668 | 5, 4061
159 262381 4019679 12,6085 | 5. 4175
1560 26600 4096000 12.6491 | b5.4288




Section 4—Tables H-5

No. | Squars Cubs Eq. rt. Cu. rt.
151 25421 4173281 12 GEES 5, 4401
162 25244 4251528 12,7279 5. 4534
153 26568 4336747 12 Va1 5. 4526
164 26896 4410844 12 8062 5. 4737
. 165 27225 4492125 12, 8452 5. 4548 \

166 27356 4574206 12. 88400 5. 4959
187 27885 4657463 12, 92285, H063
168 28224 4741632 12,9615 55178 :
169 2RE61 4826809 1. 5.5288
170 250800 4913000 13, 0384 | 5 5397

. 171 26241

5000211 | A8 o?s& 5. 5500
172 26584 50ssdde 013 12408 a5, 5613
173 20629 5177717 1 13,4629 {55721
174 30276 5965024m ) h1d 1909 1) 5. 5528
175 30625 5350875 | (18, 22884 5. 5934
N
176 20076 54807al0 18,2665 | 56041
177 31320 FRAA939 | 1B 304l | 56147
7 51654 5630752 | A% 3417 | 5. 6252
179 3204t sranasof i3, 5701 56357
180 32400 ER32000 | 13.4164 | 5. 6462
181 32761 a809741 | 13.4538 | 56507
182 33124 BD2S56S | 13,4007 | 5. €670
158 33489 g17o8a87 | 135277 | 5. 6774
184 33876 6200504 | 135647 | 5. 6377
. 185 54825 6331625 | 13.6015 | 5. 6980
186 34506 6434556 | 13,6382 | 57083
187 74969 6530208 | 126748 | 5 VI3
188 35344 6644672 | 13.TLIB | 5. 7287
1589 35721 6751266 | 13,7477 | 57088
. 190 36100 BREODG0 | 13,7840 | 5. 7480
161 36481 BOCTETL | 12 8203 | 57390
192 36364 SOTTSSE | 138564 | B. 7690
193 27249 7IS0057 | 13,8924 | 57790
194 37636 7301384 | 13,9244 | 57890
. 195 38025 7414875 | 13.9642 | 5. 7980
196 38416 7520536 | 14 5. 8088

197 38109 7648373 14.0357 | 58188
198 39204 7762392 14. G712 | 5 5285
199 36601 TER0509 | 141067 | 5 8383
2060 40000 S000G00 14,1421 | 5.8480




Section 4—Tables H-6

No. Square Cube 5q. rt. Cu. ri.

201 40401 8120601 14.1774 | 5.8578
202 40804 8242408 14,2127 | 5 8875

203 41209 8365427 142478 | 58771
204 41616 5489684 14. 2825 | 5, BRCH
205 42025 B615125 14, 3178 | & 8964 \.
206 42436 8741816 14. 3527, 5. D059
207 42349 8860743 14. 3875 1 5. 9163
208 43264 BY98012 14. 4222 156250
209 43681 9126329 14. 456361 59345
210 44100 9261060 14. 4914 | 5. 9438

2n 44521 03493931 14, 525! N 5. 9533,
212 44044 4528128 14, 5602 W En0i27
213 45369 G663597 14, 5845 | 50771
214 45796 09300344 14, 6257 | 15 9414
215 46225 9938375 1.6620 145, 9907

N
216 46056 10077656 146265 | 6.
217 47089 10215313 14,7309 | 6. 0052
218 7524 10360232 407648 | 6. 0183
219 47961 10503459 M. 7986 | 8. 0277
220 48400 10BAR00G 34. 8324 | B, (308

291 45841 10793561 14.8861 | 6 D459
232 40224 10941045 14. 8597 | 6. 0550
223 49729 LIE05G7 14,9332 | £ 0641
294 50156 11239124 14, 9666 | 6. 0732
425 50625 11390625 15, 6. 0822 .

226 51076 115431746 15.0333 | 6. 0012

227 51520 11697083 15,0665 ¢ 6. 1002

228 91884 11852352 15,0097 | 6. 1091

220 2441 T2008480 15,1327 § 6. 1180

230 52900 12167000 151668 | 6. 1269 .
ol 53361 12326391 151987 | 6. 1358

232 53824 12487168 15,2315 | & 1446

233 54280 12649337 15,2643 | 6. 1534

234 54756 12812504 15.2971 | 6.1622

235 55225 12977875 15.3287 | 6.1710

236 55696 13144256 15.3623 | 6. 1707 . |

237 56169 13312053 15.3948 | 6. 1885
238 56644 13481272 15.4272 | 6.1972
230 57121 13651910 15.4596 | 6. 2058
-240 57600 1382400¢ 15.4019 | 6. 2145




Section 4—Tables

No. | 8quare Cube Bq. rt. Cu. rt.
241 5R081 13997521 15,5242 | 6.2231
242 58564 14172488 15. 5563 1 6. 2317
243 50049 14348907 15. 5885 | 6. 2403
244 55536 14526784 15. 6205 | 6. 2488
245 60025 14706125 15. 6525 6. 2573
246 60516 14886936 15, 6844 | 6. 2658
247 G1009 15069223 15. 7162 6. 2743
248 61504 15252692 15. 7480 6. 2828
249 62001 15438249 15. 7d57 6. 2912
260 62500 15625000 15/8114 6. 2006
251 63001 15813251 ThieR430 | 6. 3080
252 63504 160030G08 15.8M5), | 643164
253 64009 16194277 1509060 |16, 3247
254 64516 16387064 15, 937% §. 3330
260 65025 16581375 15. G687 6. 3413
256 65536 16777216 \16 6. 3406
257 66049 16974593 15, 9312 6. 3579
258 66564 17173512 18. 0624 | 6. 3661
259 87081 17373979 16. 0935 6. 3743
260 B£760K0 17576000 16.1245 | 6. 3826
261 68121 17779581 16. 1585 6. 3007
262 63644 17984728 16. 1864 ; 6. 3088
263 69164 18191447 16. 2173 8, 4070
264 60606 18399744 16. 2481 8.41b1
265 02%5 18609625 16,2788 | 64232
266 qU756 18821096 16, 3005 6. 4312
267 71289 19034163 i6. 3401 6. 4303
268 71824 19248832 16. 3707 6. 4473
269 72361 19465109 16.4012 | 6. 4563
270 72900 19683000 16, 4317 6. 4633
271 73441 19902511 16.4621 | 6.4713
272 73884 20123648 16. 4924 6. 4792
273 74520 20346417 16. 5227 | 6. 4872
274 75076 20570824 16, 5529 6. 4951
275 79625 20796875 18. B831 | 6. 5030
276 76176 21024576 16,6132 | 6. 5108
297 76729 21253933 16.6433 i 6. 5187
278 7784 21484952 16. 6733 1§ ©. 5265
279 77841 21717639 18, 7033 | 6.5343
280 78400 21952000 16.7332 | 6. 6421




Section 4—Tables
No, | Bquare Cube S5q. rt. | Cu.rt
281 78961 22188041 16,7631 | 6. 5409
282 79524 22425768 16. 74924 | &, b577
283 80089 22665187 16.8226 | 6. 5654
284 80656 22906304 16. 8523 | 6.5731
285 81225 23149125 16. 8819 | 6, 5BOR
286 81796 23393656 16. 9115 46, 5855
287 82369 23639903 16. 9411 6. 5962
288 82044 23887872 16. 9706 | 66087
289 83521 24137569 17 0, 6115
200 84100 24389000 17.0204( | 6.6191
201 84881 24642171 1740RBT N 6. 6267
202 85234 24897088 17. 08864 |6, 6343
203 85840 25153757 17, 117271 6a5410
294 86436 25412184 17901465 | 66494
245 87025 23572376 17 {56 6. 6569
206 87616 25034336 17. 2047 | 6.6644
297 88200 26198073 17. 2337 | 6. 6719
208 £3804 26453502 12627 | 6. 67
299 80401 26790899 17. 2016 6. 68GY
300 0000 27000000 17.3205 | 6.69%43
301 90601 27270901 17.3494 ! 6.70i8
302 51204 27543608 17.3781 | 6.7092
303 01808 27818127 17. 4069 | 6.7166
304 92416 28094464 17.4356 | 6. 7240
303 93025 28372625 17. 4642 | 6. 7313
306 893636 28652616 17.4928 | 6. 7387
367 94249 280934443 17,5214 | 6. 7460
308 94864 20218112 17, 5409 | 6.7533
309 054581 29503629 17. 5784 | 6.7606
310 96100 28791000 17. 6068 | 6.7679
311 26721 30080231 17.8352 | 6.7752
312 97344 30371325 17.6635 | 6.7824
313 97969 30664297 17.8918 | 6, 7307
314 93596 30059144 17.7260 | 6. 7969
315 99225 31255875 17.7482 | 6. 58041
316 09856 31554496 17.7764 | 6.8113
317 10489 31855013 17.8045 | 6.8185
318 101124 2157432 17.8326 | 6.8256
319 101761 32461759 17.8606 | . 8328
320 102400 32768000 17. 8885 | 6. 8398




Section 4—Tables H-9
No. Sguare Cube 8q. rt. Cu. rt.
321 103041 33076161 17. 9162 8. 8470
322 103684 33386248 17. 9444 | 8. 8541
3213 104328 33608207 17.9722 | 8.8612
324 104976 34012224 18. 6. 8683
325 1056625 34328125 18. 0278 6. 8753 \
326 108276 34645076 18, G555 §. 5524
327 106929 34965783 158. 0831 8. 88394
328 107584 35287562 13. 1108 6. 8964
326 108241 35611289 18. 1884 6. 034
330 108500 35837000 18/1659 B8, 8104
331 109561 36264691 1801034 | 6.8174
332 110224 36504368 18.2 69244
333 110889 36026037 18, 2483 6. 9313
334 1115566 37259704 18. 2757 6, 9382
335 112225 37586375 18.3030 | 6.9451

N\

336 112808 37033056 18. 3303 6. 9521
337 113569 38272753 18. 3576 6. 9589
338 114244 38614472 18,3848 6, 0658
339 114921 38958219 18. 4120 a8. 9727
340 145600 39304002 18. 4391 8. 9795
341 1165281 396851821 18. 4662 | 6. 9864
342 116964 40001688 18, 4932 6. 9932
343 117643 40353607 18. 5203 7.

314 118536 40707584 18, 5472 7. 0088
345 T14H325 41063625 18. 5742 7. 0136
346 146716 41421736 18. 611 7. 0203
347 120400 41781923 18. 6279 7., 0271
348 12114 42144192 18. 6548 7.0338
349 121801 42508549 18, 6815 7. 0406
350 12251} 42875000 18, 7083 7.0473
351 123201 43243551 18, 7350 7. 0540
352 123934 43014208 18, 7617 7. 0607
383 124606 43986977 18, 7883 7.0674
354 125316 44361864 18. 8149 7. 0740
356 126025 44738875 18. 8414 7. 0807
B1ils) 126736 45118016 18.8880 | 7.0873
357 127449 45499203 18, 8044 | 7. 0040
358 128164 45882712 18, 9209 7. 1008
359 125881 46268279 18. 473 7.1072
360 129600 46666000 18, 9737 7.1138




Section 4—Tables

No. Square Cube 8q.rt, Cu. rt.
361 130321 47045881 19, 7.1204
362 131044 47437023 19. 0263 7 . 1269
363 131769 47832147 19. 0526 7.1335
364 132496 48228544 19. 0788 7. 1400
365 133225 48627125 18. 1050 7. 1466
3606 133956 49027896 19, 1311 7. 1531
367 134659 49430863 19. 1572 7. 1596
368 135424 49836032 19. 1833 7. 1661
369 136161 50243409 19, 2004 11726
370 136900 500653000 19. 2354 7. 1791
an 137641 51064811 19 2614\ 7.1855
372 138384 51478848 19, 2873 71020
373 139129 51805117 19, 3132 1084
374 139876 52313624 19. 3891 7. 2048
375 140625 52734376 10,3649 (/7. 2112
376 141378 53157876 19.}907 7.2177
377 142129 58582633 19. 4i65 7. 2240
378 142884 54010152 1964422 7. 2304
379 143641 1439939 19, 4674 7. 2368
380 144400 54RT2000 19.4936 | 7.2432
351 145181 55306341 19, 5192 7. 2445
382 1450924 b57420068 19. 5448 7. 2558
383 146638 50181887 18, 5704 7.2622
354 147456 56823104 146. 5959 7. 2685
385 148225 HIO6662E 19. 6214 7. 2748
286 148906 57012456 19. 6469 | 7. 2311
387 149789 ATI60603 19. 6723 7. 2874
388 150544 58411072 19. 6977 7. 2436
389 151321 5BR63569 19 7231 7. 26499
350 152100 59319000 19. 7484 7. 3061
391 152881 5776471 19. 7737 | 7.3124
392 153664 GOZL36288 19. 7990 7. 3186
393 154449 6698457 10. 8242 | 7.3248
394 1556236 611629584 14, 8494 7.3310
335 156025 61629875 19. 8746 7.3372
396 156818 62080136 19. 8997 7.3434
397 157609 62570773 19, 9249 7. 3408
398 158404 G3044792 10, 9499 7.3558
399 159201 63521199 19. 4750 7. 3619
400 160000 GAQBO000 20, 7. 3681




Section 4-—Tables

No. Square Cube 8q. rt. Cu.rt.
401 160801 64481201 20.0250 | 7. 3742
402 181604 §49064808 20,0499 | 7. 3803
403 162409 65450827 20.0749 | 7. 3864
404 1632186 65939264 20.0998 | 7.3025
405 164025 66430125 20,1246 | 7.3986 N
406 164836 66923416 20, 1494, | 74047
407 165649 67419143 20. 1742 ), 7. 4108
408 166464 67917312 20, 19900 7. 4169
400 167281 63417929 20. 2237 | 7.422%
410 1658100 65821000 20. 2485 | 7.4280
411 168921 69426531 20, 27% 7. 4860
412 169744 69934528 20, 297 Fe441(
413 170569 70444997 2037 7.4470
414 3171396 70057942 20, 34700 ¢ 7. 4530
415 172225 71473375 3) 3716 7.4590
418 173056 71993206 20.3961 | 74650
417 173889 72511713 20, 4206 7.4710
418 174724 73034632 20,4450 | 7.4770
419 175561 3560059 20,4695 | 7.4829
420 176400 740535000 20,4939 | 7.4884
421 W24l 4618461 205183 | 7.4948
422 178084 5151448 20, 5426 | 7. 5007
428 178929 75086967 20, 5670 7. B0GY
494 199978 76225024 20. 5013 | 75126
425 180625 76766625 20,6155 | 7.5185
426 181476 77308776 20,6398 | 75244
427 142325 77854483 20. 6649 7. 5302
428 183154 78402752 20,6882 | 7. 5361
429 184041 TARHL5HE0 20.7123 7. 5420
430 154000 78507000 20.7364 | 7.5478
431 185761 800629451 20,7605 | 7.5537
432 180624 50621668 20. 7846 | 7.5595
433 187489 81182737 20. B0B7 | 7. 5654
434 188356 B1746504 20,8327 | 7.85712
435 189225 82312875 20. 8567 | 7.5770
436 150096 83881856 20.8806 | 7.5828
437 150369 83453453 20,0045 | 7. 5886
438 1913844 84027672 20,5284 | 7. 5944
439 182721 84004519 20. 9523 7. 600N
440 193600 83184000 20, 9762

7. 6050




Section 4—Tables H-12

No. Bauare Cube Sq. rt. Cu. rt.
441 | 15481 | ssTes1zl | 2L 7.6117
442 | 105354 | 86350888 | 21.023% | 76174
443 | 106240 | 86908307 | 210476 | 76232
444 | 197136 | ®75283%4 | 200713 | 7. 6289
445 | 108025 | 88121125 | 2L.0950 | 76348 @
446 | 19816 | 8’716536 | 21 1187dh 7. 6408
447 | 198809 | 89314623 | 211424 |OF 6460
4% | 200704 | 80015302 | 201660 | WNEH1T
449 | 201601 | 90518840 | 21 1800007 Gs
450 | 202500 1 901Z5000 | 21,2138 | 7.66%1 ®
451 | 203401 | 91733851 | 2ug@ERRN 7. 665
452 | 204304 | 02343408 | ABT. 9603 N me674d
453 | 205200 | 09050677 |[ 91,2588 | 76801
454 | 206116 | 03578064 21073 |19 6857
455 | 207025 | 94196375 | 25307 i 7. 6914
~
456 | 207936 | o4sIRBIell 21,8642 | 7. 6970
457 | 208849 | GBA43093° | 218776 | 7.70%
458 | 200764 | @O6071012 | Zildnog | 7 7082
456 | 210681 | 9670257 91,4243 | 7.7158
460 | 211600™1NGTARGE00 | 21,4476 | 7.7104
461 | 212801 0 orozeidr | 214709 | 7. 7250
462 | 213484l 08311128 | 20,4042 | 77306
463 J0W9TagRg | 95959847 | 21 5iv4 | 77262
464f| 215906 MO0S0TAAE | 91,5407 | 7 7418
466 216225\ | 100544625 | 215630 | 7.7473 ®
466 | N217156 | 101194606 | 205870 | 7.7520
467, 2IS0SY | 101847563 | 216102 | 7. 7584
46800 219924 | 102503232 | 21,6333 | 7. 7639
460 | D200BL | 103161700 | 20.6564 | 7. 7003
£70 0 " 220900 | 103823000 | 21.6795 | 7. 7750 ®
471 | 221841 | 104487111 | 207025 | 77805
472 | 229784 | 105154043 | 21,7256 | 77860
473 | 223799 | 105823817 | 217486 | 7.7915
474 | 221676 | 106406424 | 207715 | 7.9970
475 | 225625 | 107171875 | 217045 | 7.8025 PY
476 | 226576 | 107850176 | 21,8174 | 7.8079
A77 | 227520 | 108531333 | 21.8403 | 7. 8134
478 | 299484 | 109215352 | 21,8632 | 7. 5158
470 | 220441 | 109802236 | 21,8881 | 78043
430 | 230400 | 110502000 | 210089 | 78297




Section 4—Tables H-13

No., | Square Cube Sqg. tt. Cu. 1t
481 23136 111284641 21,9317 | 7.8352
482 23232 1119801G3 21. 6545 7. 8406
483 328 112678587 21,9773 7. 8460
484 234256 113379904 22, 7.8514
485 235225 + 114084125 22,0227 | 7.8568 \
486 236196 | 114791255 22, 0464 718622
487 237169 | 115501303 22, 0681 758676
488 238144 116214272 22,0007 7. 873
439 235121 1158930169 22,1133 8784
490 240100 117649000 22 1359 | 78837
491 241081 118370771 22. 1535 7. REUL
442 242064 116095488 22.18 7.80944

- 493 243045 1198231567 2242036 7.8995
404 244036 120553784 22. 2261 L 9051
495 245025 121289375 22,2486 1 7.9105
456 246016 122023536 32. 2711 7.9158
497 247009 122783473 22 2935 7. 9211
498 248004 123505992 22,3159 7.9264
499 24600 124251400 22,3383 7.9317
500 250000 125060000 22, 3607 L9370
501 251001 126751501 22,3830 7. 9423
52 252004 126506008 22,4054 | 7.9476
503 253009 127263527 22. 4277 7.9528
alld 254016 125024064 22 4499 | 7. 9581
H05 250025 128787625 22,4722 7. 9634
508 256036 129554216 22,4344 | 7. 9688
507 257049 130323843 22,5187 | 7.9739
508 258064 131086512 22. 5380 7.9701

U 259081 31872229 22. b610 7. 9843

510 260100 132651000 22, 5832 | 7. 5896
511 261121 133432831 22,6053 | 7.9948
812 262144 134217728 22,627 8.
513 263169 135005697 22,6405 8.0052
514 254196 135796744 22, 6716 8.0104
515 265225 136590875 22,6936 | 8.0156
516 266256 137288096 22,7156 | 8.0208
517 267289 135188413 22,7376 | 80260
518 268324 1353991632 22,7596 1 B.0311
519 269361 139798359 22,7816 8. 0363
520 270400 140608000 22,8035 | . 0415




Section 4-—Tables H-14
No Square Cube 5q. rt. Cu. rt.
5L 271441 141420761 22,8254 8. 0466
522 272434 | 149935048 29,8473 | R, 0517
523 273529 143055667 22, 8692 5, 0564
524 274576 | 143877824 22,8910 {  &.0520
525 275625 144703125 22,9129 8. 0571
528 276676 | 145531576 22, 93474, 8. 0723
527 277729 146363183 22, 9565 8. 0774
528 278784 147197952 22, 9783 8. 0825
529 279841 148035889 23. 30870
830 280900 14RET7000 23, 0211 B, DU27
531 281961 149721291 2300434\ ) 8. 0973
532 | 283024 | 150568768 | (23. 0651 (™ Sal(as
833 234059 151419437 23. 056X 3. 1079
534 285156 152273304 23 4084 8. 1130
535 230225 153130378 23,1301 8. 1180
AN

536 287206 153093056 23,1817 B. 1231
537 285369 154854153 23,4733 8. 1281
538 280444 | 55720872 2301948 | 8.1332
539 200521 156500819 2a. 2104 5.1382
540 291600 157464000 23. 2370 8.1433
541 202681 158340491 23. 2504 8. 1483
542 2037680 159220088 23.2809 | 81513
543 204844 160103007 25.3024 8. 1583
544 205936) | 160580154 23.3238 | 8.1633
55 207025 161878625 23,3452 8. 1683
546 208116 162771338 23. 3666 8, 1733
547 208209 163667323 23. 3880 8. 1783
548 300304 164566592 23. 4094 8.1833
549 301401 165469149 23. 4307 8. 1882
550 302500 166375000 23. 4521 8.1932
551 303601 167284151 23.4734 8. 1882
52 304704 168196608 23. 4947 8. 2031
553 305809 166112377 23. 5160 8. 2081
554 5065916 | 170031464 23,5372 1 & 2130
555 308025 170563875 23. 5584 8. 2130
556 309136 | 171879618 23.5797 i 8.2228
557 310249 | 172808803 23.6008 | B. 2278
558 311364 | 173741112 23,6220 | 82377
558 312481 174676879 23.6432 1 8 9377
560 313600 | 175616000 23.6643 | 8. 2428

@




Section 4—Tables H-15
No. | Bquars Cube 8q. rt. Ou. rt.
561 314721 176558481 23. 6854 | 8.2475
562 315844 | 177504328 23. 7065 | 8.2524
563 316969 | 178453547 23.7276 | 8.2573
564 318006 | 179406144 23.7487 | BH.2621
565 319225 | 180362125 23.7697 | & 2670
566 320856 | 181321496 23.7808 1 B.2719
567 321489 : 132284263 23. 8118, 8. 2768
568 322624 | 183250432 23, B32E R, 2816
569 323761 184220009 23, 8587 1 8, 2365
570 324900 | 185193000 23.8747 | 8.2813
571 326041 186169411 23, 8§6 8. 2662
572 327184 187149248 23. 9165 N, 843010
573 328320 | 188132517 2309374198, 3055
574 329476 159119224 23. 9583 | 8 3107
575 330625 190109375 23, 97927 8.3155
N\
576 331776 | 4191102976 24, 8. 3203
577 332920 0 192100033 24,0208 | 8 3251
578 3340840 | 1931005652 24,0416 | B. 3300
579 335241 194104539 24,0624 | 8.3348
580 3364001 185112000 24,0832 § 8.3396
581 337561 186122941 24,1039 | 8.3443
582 338724 | 197137368 24,1247 | 8.3491
583 339884 198155287 24,1454 ¢ 8.3539
584 3410356 150176704 24,1661 | 8. 358/
585 342225 | 200201625 24,1868 | 8, 3634
536 33396 | 201230056 24, 2074 | B, 3632
Ba7 344569 | 202262003 24, 2281 | 8.3730
538 345744 | 203297472 24, 2487 8 3777
589 346521 204336469 24.2603 | 8B.3825
500 348100 | 208379000 24,2809 | B, 3872
591 349281 | 206425071 24,3106 ¢ .3919
502 350464 | 207474688 24,3311 23067
593 351649 | 208527557 24,2516 | B3.4014
594 202836 | 200584584 24,3721 8, 4061
595 354025 |1 210644875 24,3926 | B.4108
596 355216 | 211708736 24.4131 | 8. 4155
597 366404 | 212778173 24,4336 | B.4202
98 357004 213847192 24, 4640 8. 4249
599 358801 | 214921799 24, 4745 | 8, 4206
600 360000 | 216000000 24,4049 | B,4343




Section 4-Tables H-16

No. | Sguare Cube Sq. rt. Cu. rt.

601 361201 1+ 217081801 24. 5163 | B. 4390
602 862404 | 218167208 24, 5357 | 8. 4437
603 363608 | 219256227 24, 5561 | B.4484
604 364816 | 220348864 24.5764 | 8 4530
605 366025 | 221445125 24,5967 | 8,4577 \.

606 367236 | 222545016 24.6171 4008, 4623
607 368440 | 223643543 24, 6374 {8670
608 69504 | 224755712 24,6577 | B 4716
(09 370881 | 225866529 4. 6770 408, 4763
610 372100 | 226981000 24. 6982 8.4809

611 373321 | 228009131 24TIBANN B, 4856 .
612 474544 | 2202200928 247386 . 4002
63 375769 | 230346397 24758871 8408
614 376996 | 231475544 247790 18,4504
615 378225 | 232608375 47902 | B/5040

N
615 379456 | 233744806 24 B183 | B 5086
617 SR0689 | 234885113 24,8395 | 8 5132
618 331924 | 236020032 248508 | B 5178
619 383161 | 237196659 248707 | 8. 5224
620 3844004 238328000 24.8008 | 8 5270

621 | 385641 | 304830617 24.0199 | 8 5316
622 | 38683400240641848 | 24.9309 | 8. 536
623 | 47388120 |, 241304357 | 24,9600 | 8. 5408
624 | 280376) 242070624 | 24. 0800 | B 5453
6280l 390625 | 244140625 | 2. 8. 5490 .
626, | 80187601 245314376 | 95.0200 | & 5544
6270 30BIF | 246401853 | 5. 0400 | R 5500
628 304384 | 247673152 | 25.0599 | 8 5635
629 |\ 8950410 248858189 | 25, 0709 | X 5681
630 |/ 3969007 250047000 | 25. 0998 | 8 57% .
631 1 308161 | 251230501 | 251107 | 8. 5772
632 | 399424 | 252435068 | 951306 | 8. 5817
633 | 400889 | 253636137 | 25 1505 | 8. F&GO
62 401656 | 254840104 | 95,1794 | 8 5507
635 | 403225 | 266047875 | 25.1092 | 8. 5052 .
636 | 404495 | 287250456 | 9252100 | 85997

637 406769 | 258474853 25,2389 | 8.6043
638 407044 | 259694072 25,2587 | 8.06088
639 408321 | 260817119 25,2784 | 8.6132
640 409600 | 262144000 26,2082 | B.6177




Section 4—Tables H-17
|
No, | Sgquare Cabe Sq. rt. § Cu.rt.
641 410831 263374721 25 3180 | 8. 6222
642 412164 264609258 25,3377 | 8. 6267
643 413449 | 2656847707 25 3574 | 8.6312
544 414738 267089984 25. 3772 | 8.6357
645 416025 268336125 25,3969 | 8 G401 \
646 417318 | 269586136 25. 4166, | 86446
647 418609 270840023 25, 4362 ), 8. 6480
643 419904 | 272097792 25. 45581 8. 6535
£49 421201 273359449 25. 4755 | 8.6579
650 422500 | 274625000 25, 4851 | 8.6624
Gol 423801 | 275B%4451 250 5%’2‘ 8. 6E68
652 4925104 | 277167808 25 Hadd pBd6713
653 426409 Z7R44507T 28, 55390 8. 6757
654 427716 279726264 25, 5734 | B 4RO
655 420025 | 28111575 \25. 5930 ¢ 5.6845
656 430336 10282300416 25,6125 | 8. 0890
647 43164% 283593393 25. 6320 8. 6934
658 4376541 23300312 25 6515 | 8.6078
659 434281 286101174 25, 6719 8, 7022
GO0 435600 2BT436000 25,6905 | 8. 7066
661 436821 28804781 25. 7099 | 8 7110
(62 438244 | 2P0117528 25,7204 | B. 7154
6o3 439560 201434247 2R, 7488 | 8. 7198
664 440890 202754044 25. 7652 | 87241
i65 442225 204079625 95, 7876 | 8.7285
604 443556 205408236 25,8070 | 8.7329
667 444555 206740063 25, 8263 8. 737:
GG% 444224 2UR0T7652 25 8457 | B 7418
669 447561 2094 18304 25, 8650 8. 7460
670 448500 300763000 o5 6844 | 8.7503
871 450241 302111711 a5 9037 | 8 7547
672 451584 303464448 26,0230 1 87590
§73 457620 | 304621217 25,0422 | B. 7644
674 454276 306182024 ok 9615 1 B T6YY
376 450625 307546875 25,0805 | 8.7721
{76 456976 1 208915776 26, R. 7764
677 458329 210288733 o5, 0192 | 87807
VTR 459684 3131068752 26,0884 ¢ 85,7850
674 461041 313048839 25.0576 | 8.7883
650 462400 314432000 26,0768 | 8. 7947




Section 4—Tables H-18

No, | Bguare Cube 8q. rt. Cu. rt.

681 463761 | 315821241 26.0060 | 8. 7980
6582 465124 | 317214568 26,1151 | 8,8023
683 466489 | 318611987 20,1343 1 B 8056
634 467856 | 320013504 26.1534 | 8.8109
685 460225 | 321419125 26,1725 | 8.8152 ‘

684 470596 | 322828850 26, 1916 1N 8. 8194
687 471969 | 324242703 26,2107 | B 8237
688 473344 | 325660672 26, 2298 | 4Br828(0
689 474721 | 327082769 26. 2488 417 B 8323
690 476100 | 328509000 26. 267901 8, 8366

891 477481 | 329039371 2642860\, B, 8408 .
692 478864 | 331373888 26. 305847 8. Badd
693 480248 | 332812557 26, 32401 He8493
604 481636 | 334255384 26,3439 | 8 8536

895 483025 | 335702378 206, EQZ} 8. B578

656 484416 | 337183536 20,3818 | 8. 8621
897 485800 | 338608873 20,4008 | 8 8663
698 487204 | 340068392 2604197 ¢ 8 8706
609 488601 2841532099 25,4383 1 B 8748
700 49000001 343000000 26,4575 | 8. 879

01 1 401400\ | S4447200T | 264764 | 8.8833

702 | _4g2s08 MOB45043408 | 26,4953 | 88875

703 494208 347428027 26. 5141 8, 8917

704 1 4956160 248913664 | 26,5330 | 8 8omG

70500 497025 [ 350402625 | 26.5518 | 8 9001 [ ]

708 49843501 351805810 26. 5707 | 8 9043
70790, 490840 | 353393243 26,5805 | 8. G085
708 |\ 801264, | 254494919 26. 6083 | R8.9127
709 | 1502681 ) 356400829 26.6271 | 8. 9169
10 504100 | 357911000 26,6458 | 8 9211 .

711 505521 | 350425431 26. 6646 | 8. 9253
712 506044 | 360044128 26,6833 ¢ 8, 9205
713 508369 | 362467007 26,7021 | 8 9337
714 509796 | 363904344 26.7208 | 8.9378
715 011225 | 365525875 26,7395 | 8. 9420 . _

716 D12656 | 367061696 26.7582 | 8 D462
717 514089 | 368601813 26.7760 | 8.9503
718 515524 | 370146232 26.7955 | 8, 9545
719 516981 | 371684950 26.8142 | 8, 9587
720 518400 | 373248000 26.8328 | 8, 9623




Section 4—Tables

No. | Square Cube 2q. rt. Cu. rt.
721 519841 374805361 26, 8514 1 B. 9670
722 521284 | 376367048 26.8701 1 8, 9711
723 522729 a77933067 26, B3RY 8. 9752
7% 524176 | 379503424 26.6072 | 8. 9704
725 525625 381078125 28, 4258 8. 9335 \
726 527076 | 382657176 26,8444 | (8, 9876
7 b2B529 384240583 26. 0628 | 8. 0GI8
728 520084 | 335828352 26. 9815 W 8, 9979
720 531441 JRT420489 27, g
730 532900 389017000 2700185 920041
731 534361 390617891 270370 9./0052
732 535824 | 3092223168 27,0855, 90123
733 537230 | 303832837 27,0740 0. 0114
734 538756 305446004 27 0424 9. 0205
735 HAN225 397065375 27 1 9. 0246
736 541656 | 39RER3256 \2";'. 1203 9. 0287
737 543169 400315553 27,1477 9. 0328
738 5444844 401047272 27. 1662 9, 0359
739 5406121 403583419 27, 1846 9. 0410
740 547600 405224000 27. 2029 9, 0450
741 549081 406865021 27, 2213 9, 0491
742 5006G4 | 4085184858 27. 2397 | 9.0532
743 HO2(HY 4410172407 27.2580 | 9.0h72
744 55363601 411830784 27,2764 | 9.0613
745 556020 411493625 27. 2047 9, 0654
748 506516 415160936 27.3130 | 9.0604
747 B58009 | 416832723 27.3313 | 9.0735
148 559504 418508992 27. 3496 90775
749 561001 420184749 27, 3679 9, 0816
750 562500 | 421875000 27. 3861 9. 08H6
751 564001 423564751 27.4044 | 9.0896
752 565504 | 425250008 27.4226 | 9.0037
753 567009 426957777 27,4408 9, 0977
754 h68516 428661084 27, 4591 8. 1017
758 570025 430368875 27. 4773 9. 1057
756 571536 | 432081216 27.4955 | 9. 1008
757 573049 433798093 27. 5136 9, 1138
758 574564 435510512 27, 5318 9, 1178
759 576081 437240479 27, 5500 9.1218
760 577600 438976000 27, 5681 9. 1258




Section 4—Tables

H-20

Ne, | Square Cube Bq. rt. Cu. rt.
T6L | 570121 | 440711081 ¢ 97,5862 | 0.1208
762 | 530644 | 442450728 | 276043 | 0. 1333
763 | GR2169 | 444104047 | 27 6225 | 9.1379
764 | 583605 | 445943744 | 27 6405 | 0, 1418
V65 | 585225 | 447697125 | 27 658 | 0. 1458
766 | B86TSG | 440455096 | 27. 6767 0. 1498
767 | 588280 | 451217663 | 27. 6048 | 01537
768 | 5%0824 | 452084832 | 27.7128 | 0157
769 | 591361 | 454756600 1 27.7308 479 1617
TT0 | B92900 | 456533000 ¢ 27.74890 | O 1657
71| 504441 | 458314011 | 2747860 \h9. 1696
772 | HO3084 | 460009648 | 27,7540 MOhizi6
77 597520 | 46i889917 | (27.80200 | 9 %775
T4 BO90TE | 463684824 Lo 27 2900 | B 1815
775 600625 | 46548437850 | 27.8388 |49 1855

N

76 | 602176 | 467288576.40027. 9568 | 9. 1804
77 | 603720 | 4690974337 27.8747 | 9 1033
77 605284 | 470910952 | . 2748627 | 9 1973
79 | 606341 | 472720130 |97, 0106 | 9 2012
780 | 6084004 474552000 | 27,0285 | 9. 2052
781 | 609961 | @76379811 | o27.9464 | 9 20m
782 | L5240 473210768 | 279643 | 9. 2130

783 140613089 | n480048687 | 27.90821 | 9 917
754 | 6146560 481800304 | 98 9. 2209
7850 616225 D 483736625 | 28.0170 | ¢ 224R
786) | Bi77060( 485587656 | 28.0357 | 9. 92087
787, 019300 | 487443403 | 28.0535 | 9 2326
788 10620944 | 489303872 | 28.0713 | 9.2385
780 16225200 491169069 | 280881 | 9. 2404
700 |4 624100 | 493039000 | 28 1060 | 9. 2443
791 | 625681 | 484913671 | 28.1247 | 9 2482
792 | 627264 | 496703088 | 28.1425 | 9 o521
793 | 628840 | 498677257 | 281603 | 9. 2560
TO4 | 030436 | LOOSGBIRA | 281780 | G. 2509
795 | 632025 | 502459875 | 281957 | 9. 2638
706 | 633616 | BD4358336 | 9R.2135 | O.2677
797 | €35200 | BOB261573 | 28 2312 | o 77is
798 | 636804 | HOSIG5G2 | 28,2480 | 9. 2754
700 | 633401 | DIO0S2399 | 282666 | 9.2703
640000 | 512000000 | 28,2843 | 9, 2332




Section 4—Tables

H-21

MNo. | 8quare Cube £q. tt. Cu:rt.
801 641601 513922401 28, 3019 | 9.2870
502 643204 515849608 28,3196 | 9. 2009
803 644809 517781627 78,3373 9 2048
804 6406416 5iyT18464 28,3540 | 9O.2086
805 48025 E21660125 28,3725 | 9.3026
R06 649636 523606616 25,3901 | 92033
807 651242 525557043 28. 4007 | 9.3102
808 652804 527514112 28, 4253 ), 9.3140
809 654481 629475128 28, 44291 9, 3179
210 656100 531441000 28/4605 | 938217

il 657721 533411731 2804781 : 9.3255
#12 659344 H35387328 8.4 943294
813 GEOO6Y 537367797 28,6132 93332
814, 6625096 | 539353144 25 5807 | 9.3370
815 664225 541843375 98, 5482 | 9. 3408

N

g16 GBAREG 19 543338496 93, 5657 | 93447
B17 667489 ¢ 545338513 25. 5832 | B.3485
818 $569124 547343432 2%, 6007 | 9.3523
Bi% 670761 540353259 298, 6182 | 9. 35661
820 §72400 1 5513068000 26.6653 | 9.3599
821 874041 | BBIJBTE6L 28.6531 | 1. 3637
822 §766584 | BBH412248 28,6705 | 9.3670
223 77329 14557441767 28,6880 | 9.3713
B4 B7R976 559476224 28,7064 | 9.d4751
825 680625 | B61515625 9%, 7228 | 9, 3789
226 gR2276 | 563559078 28,7402 | 9.3827
§27 6R3929 | 565609283 28,7576 1 9 3865
128 685584 | HO7663552 S8.7750 ¢ 9.3%02
829 687241 569722789 28,7924 | 9.3040
830 658900 | 5471787000 28,8097 | 9.3973
31 690561 5738568101 23, 8271 9. 4016
232 692224 575930568 28, 8444 | 9.4053
833 193859 BTRO09537 28.8617 | 9.4091
834 BILHHG 58009374 28, 57 0. 4129
235 6807225 | DR2182875 28,8064 | 9.41

B36 RORK0G | BB42TT0SG 23. 9137 | 94204
837 700569 BAG3T6253 28.9310 | 9. 4241
538 702244 HER4R0472 28,9482 | 9.4209
839 703021 590589718 28. 96855 | 9.4314
B40 705600 | 592704000 28.9828 [ 94534



Section 4—Tables H-22

No. Sauare Cube 5q. rt. Cu., rt.

841 707281 | 594823391 29, 9. 4391
842 708964 | 596947688 20.0172 | 9.4420
843 710649 | H99077107 29.0345 | 9. 4466
844 712336 | 601211584 290517 | 9. 4503
B45 714025 | 603351125 29,0689 | 9.4541 \.

846 715716 | 605495736 20. 0861 €19, 4578
847 717409 | 607645423 29,1033 [“Ghd618
848 719104 | 609800192 79,1204 8 4652
849 720801 | 611960040 29.13764 1 9. 4680
B50 722500 | 614125000 291548 || 9. 4727 .

851 724201 | 616205051 2001719 N, 9. 4764
852 725004 | 18470908 26, 1890 | Q4801
853 727609 | 620650477 29, 2062 | 8 1838
B54 729316 | 622835864 29.0233 | 9/ 4875
R55 731025 | 6250256375 29, 3204 9. 4012

856 732736 | 627222016 20,2875 19,4349
857 734449 | 620422793 20,2745 | 9.4986
858 736164 | 631628712 202016 | 9. 5023
B854 737881 4em633839770 29,3087 | 95060
860 73960077 636066000 29.3258 | 9.5097

861 741321 | LBIR2TEIRT 20. 3428 | 9.5134
B62 43044 1 640503028 22,3588 | 9.5171
863 TAET68 § N642785647 20,3769 | 9. 5207
864 7464960 644272544 29,3029 | 95244
565 4522500 647214625 28.4109 1 9.5281 .

L4

B6GN 729956 | 640401896 | 20,4279 | 95317

BE7fh 7BIBSD | 631714363 | 20,4440 | O, 5354

268 \NTEMAL | 653972032 | 204618 | 9. 5391

860 | NWESI6E)! 656234909 | 204788 | 9. 5427

BI04 756900 | 658503000 | 204055 | 9. zd64 @
B7T1 ¢ 768641 | 660776311 | 29.5127 | 9.5501

872 | 760384 | 663054848 | 29.5206 | o, 5537

873 | TG2129 | 665338617 | 295466 | 9 bi74

874 | 763870 | 667627624 | 205635 | 9 ARID

B75 | 763625 | 660921875 | 29,5804 | 9. 5647 .
876 | 767376 | 672021376 | 29.5073 | ©. 5683

B77 | THYI29 | 674526133 | 20.6142 | 95710

&78 770884 | 676836152 206311 | 9. 5706
879 772641 | 679151430 29,6479 | 9.5792
880 774400 | 681472000 20, 6648 | 9, 5828




H-23

Section 4—Tables

No. | Bguare Cube 8q. rt. Cu. rt.
881 776161 683707841 29, 6810 gJ, 5865
882 777924 656128968 29, 6385 9, 5901
883 779680 688465387 20, 7152 Q. 5937
834 781456 690807104 29, 7321 9, 5973
885 783225 693154125 29, 7489 9, 6010
8436 784906 695506456 20, 76580 9. 6046
857 786769 697864103 29, 7825 9. 6082
88 785544 700227072 20, 7993 9. 6118
889 790321 702595369 29. 8161 9. 6154
890 792100 704969000 20, 8329 9. 6180
891 793881 707347971 2028456 9. 6228
892 795664 709732288 29,86 9. 6262
893 797449 T12121957 20. 8831 0, 6208
804 799236 714516984 29480908 &, 6334
845 801025 7169173756 20,9156 | 9.6370
806 | 802816 | 71932813607 20:0333 | 9.6400
897 H04609 T21734273 24, D500 0. 6442
HOR 806404 724150792 20,9668 O, 6477
899 808201 F26572699 20, 9833 8, 6513
B0 BIG00 725000000 30. 9. 6549
901 81801 731432701 30. 0167 9. 6585
902 813604 733870808 30, 0333 9. 6620
903 515405 736814327 30. 0600 0. 6656
904 817216 738763264 30, 0666 9, 6692
05 819025 741217635 30,0832 9, 6727
04 820836 743677416 30, 0998 0. 6763
907 {22649 746142643 30, 1164 0. 6799
908 824464 748613312 30. 1330 0. 6834
905 B26281 751082429 30, 1496 9. 6870
910 828100 753571000 30. 1662 9. 6905
011 820021 756058031 30, 1828 0.6941
812 831744 758650628 30. 1993 9. 6976
913 333569 761048497 30, 2159 9. 7012 -
914 A35306 763551044 30. 2324 9. 7047
915 837225 766060873 30, 2490 0, 7082
916 839056 TE857520¢ 30. 2655 9. 7118
917 8408585 771095213 30. 2820 9. 7153
0918 842724 773620632 30. 2085 0. 7188
919 844541 778151550 30. 3150 9. 7224
92() 846400 778685000 30. 3315 9, 7259




Section 4—Tables H.24

No. | Bquare Cubs 8q. rt. Cu. rt.

921 B4B241 | 781220061 30. 3480 | 9. 7204
922 BGO0B4 | 783777448 30. 3645
023 851920 | 786330467 30. 3809
924 Sh3776 | 7BSRE0024 30. 3974
925 855625 | 791453125 30. 4138

02 B57476 | TB4022776 30, 4302

927 50320 | 796597083 30. 4467

R 861184 |+ 700178752 30. 4631
020 863041 | 801765080 30. 4795
S 511 864900 | 80357000 30. 4959

i1 B6A761 206954491 30, 5123
bi2 BABG24 | BOU557568 3% 5287
933 70489 | 812166237 30,5450
634 872358 | B14780504 30, 5614
S 935 374225 | R17400374 a0, 5]28

936 876005 | 820028856 30, 5941 | 0. 7819
637 877060 ¢ R22686953 30.6185 | 97854
R 51 B79844 | 828208672 306268 | 0. 7889
039 881721 82203601 SO76431 ) 9. 7924
D40 333600 467830584006 30,6594 | 9. 7950

941 EB34B1 | 833237421 30,6757 | 9. 7992

H42 847364 \§ WBIESD65RR 3. 6920 | 0. 2028

043 SE02MON CHARAEI807 30,7083 | 9.8083

044 891136 N841927384 30. 7246 | 9. 80DY .
(45 BU3025 [\ 843508625 30,7409 | 2. 8132 g

045 BO48LG 407846590538 30. 7571 | 9, 8167

947 800808, | 849275123 30,7734 | 9. 8201

048 898704 h 851971302 30. 7806 | 9, 8235

T LY J00601 | OB546701349 3. 8058 | 9. 8270
- 950 02500 | 857375000 30. 8221 | 9.8305 . |

051 004401 | BRODS5351 30,8383 | 9.8339
952 006304 | 862801408 30.8545 | 9, 8374
953 Q08208 | 65523177 &L B707 | 9.8408

054 S10116 | 868250664 30. 8869 | 9. 8443
D56 12025 | 870083875 80,9031 | 9. 8477

056 013036 | R73722R16 a0 8192 | 9. 8511

- 957 015840 | B76467493 30,9354 | 9.8546
058 017764 | 879217012 30. 0516 | 0. K580
0959 CIO6B1 | 581074079 30.9677 1 9. 8614
960 021600 | BR4736000 30. 9830 | 0. 8648
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Section 4—Tables

H-25

No. | Square Cube 3q. rt. Cu. rt.
¥

961 923521 ER7H03681 31. 9, 8683

06z 925444 800277128 31. 161 9. 8717

963 927369 BO3066347 31.0322 | 9.8751

964 929265 BO5841344 31. 0483 0. R785

965 931225 BO8G32126 31. 0644 9, 319 \
966 933156 901428696 31. GBOS 9, 8854

967 935089 904231063 31. 0066 9, 8588

0968 937024 § 907039232 31, 1127 |, 9-8822

469 938061 909853200 81. 4288 0, 8956

970 940900 912673000 3101448 | 9. 8450

971 442841 015498611 al. %9 9.9024

972 944784 918330045, 3141789 89,9058

073 046720 | 921167317 31,7929, 9. 9092

974 948676 624010424 31.2000 | 0.9126

975 950625 026859375 \31. 2250 0. 9160

a76 952576 | 2929714176 31, 2410 9.9194 -
trirg 954520 932574833 al, 2570 9.9227 o
978 | 95648400 035441352 40 31,2730 | 9.9261 0
479 055441, 938313739 31. 28%) 9.9285
980 GGG 941192000 31.3050 | 9.932% .-
G981 962361 944076141 31. 3209 9, 9363

082 964324 H6966168 31, 3369 0. 0306

955 BORZEY 049662087 31.3528 | 9.9430

984 968250 952763904 31. 3688 9. 9464

135 970225 Q55671625 $1.3847 | 9.9497

86 972196 | 9585852566 31. 4006 9, 9531

977 974160 | 961564803 31.4168 1 9.9565

88 76144 054430272 31, 4325 9. 9598

480 978121 OR7361600 31. 4484 9, 9632

$90 9RG100 970299000 31, 4643 4. 9666 -

91 982081 G73242271 31. 4802 9 9699 -

ag2 QR4054 076191488 31, 4960 49733 -

093 GR6049 470146657 31, 5119 9, 9766

004 088036 082107784 31, K278 9. 9800

995 900025 085074875 31, 5436 0. 9833

996 992016 G8R047936 31, 5595 Q. 9866

997 994009 891026973 31. 6763 | 9.9%00

998 096004 694011992 31,5011 | 9.9833 .

999 098001 997002809 31. 6070 o, 9967

1000 1000000 | 1060000000 31,6228 {10




Section 4-—Tables I-1

WEIGHTS OF MATERIJIALS

Average Average

Specific  Weight Angle

Gravity Cu. Ft. of .
Material Water == 1 ijn Lbs, Repose

Alr, atmosphere 60°F.
pressure one ate
mosphere, or 14.7 \.
lbs. per sg. in.
weighs 1/815 as

much as water 0765
. Asphaltum, natural 14 87.3
©-  Brick, common soft 100.0 .
Brick, pressed or pav- \
ing 150.0
Brick, fire L37.0
Cement, Portland

{(net, per barrel, 376

1bs; per bag net, 94 N
- ibs; std. prop. 100.0
. Cement Mortar, 1:24 13500
~Cinders, blast furnaee 57.0
““Cinders (coal dashes
and clinkers) 40,0
‘Clay, dry _in\ luinp,
loose 63.0 357
Coal, anthracite 55.0 25°-40°
Coal, Bit) lump, aver. 50.0 257-40° .
Corigtete, \gravel 150.0 27°
Concrete, < limestone
with “Pertland ce-
< ment 148.0
- gEarth, common loam, .
~slightly moist, loose 73.0 35°
Gasoline S11-.75 44.-47
Gianite, crushed 96.0
AGravel 120.0 35°
Gypsum, plaster of .
paris 227 1416
. Iron, cast 7.15 446.0 30°-40°
.. Iron, wrought 7.69 480.0
-Limestone. broken 1,61 100.0

1948




Section 4—Tables

1-2

Average Average

Specific Weight Angle
. Gravity Cu. Ft. of
. Material Water =1 in Lbs. Repose
Marl 2.1 140.0
Mercury at 32° F. 13.62 8450
Mud, dry close 80 to 110
@  Ppetroleum 878 548 N
o Pitch 1.15 714
Plaster 53.0
Sand, dry, loose 50.0 a3’
Sand, wet 11050
._ Sand, molding H.0
Shale, red or black 2.6 16 S
Slag, bank crushed 80. 34°
Slag, furnace granu-
lated 650.0 15°-30°
Steel 489 6
Stone, erushed \100 )]
Tar 1.15 717
Trap, quarrigdy, in
piles 107.0
Water, pure rain dis-
tilled &t 32° E.
bhar3"" 62.417
Wogds (DrLy)
. Cypress 29.8
Spruce &  eastern
fir 25.0
White FPine 25.6
Douglag)Fir 321
Short-leaf Yellow
. Pine 38.4
White Oak 46.4




Section 4-—Tables

G a

AN
b * c
OBLIQUE TRIANGLES

2
1 ime At sinigsinc
Area=%ta-bsing = EElR A

Area =Y s(s-a)(s-b)s-c) LetS= ${u+b+c)

A X

- a.8inB Sink= smA b rosp - 0%rgishe

SIA 2ac
c=(atblcos g(A+B} (Gi—b)SEn’%(A*'B)
COs+(A-B) SNt (A-B) \
neQ:SI0A+B  ag.sinc | b-sific
- SINA T sInA sinB

_cj‘\/(&:» b2-2ab .cosC

; AllE-bi{s-c) ; L 2V s{SEaN(s-b}{s-c)
S|n'lg'A" WW-EE——‘ SIHA = ne

=y A f8(s-a3 i o [ (s-Bale—c)
o Cosp A== Jans A =\/ i?{gﬁﬂa)%_

| CosA =Litciga®

zbg
_ b%+cig? b-X
. )("‘—"“éwﬁ"""-— CosC =g
_a@b+c <\ /(5-ai5-b}(s5-C)
ot ) r-VEag

ATanzh=er— ToniB= L
r




Section 4—Tables - :i{" i
— :
' . c a
A ) C
9 RIGHT TRIANGLES A
FUNCTIONS FORMULAE
& = sine of A a =\/(c+b){g=n)
. £ = cosine of A b \crd)c-a)
' & - tangent of A c =\,/aa+b<
B = cotangent of A |
£ = secantof A a=-sinA=b-tanA
% = cosecant of A bl Cicos A =a-cot A
9%9= versine af A C =gz :E??ﬁ
le?wﬂ exses@hityahii
€9 covgrsingof Al a= ¢cosB=b-coth
£ 52 agb0EXS€CaNt aF A b = C-sin B=atanB
a b
C=oop =

. cosB ~ sinB

1948




":' “Section 4—Tables : ‘ L

| ..A:Aréa V«-Voiume C-Circumference
TRIANGLE| POLYGON TRAPEZOID

SEGMENT FILLET

5-atpic TRAPEZIUM b_
BT : . b
| AEEETES | inte ﬁgi‘ﬁéj@e A-3h(bib)
. |PARALLELOGRAM! CI!RCLE SECTOR

| RHOMBOID —
“ | RHOMBUS
T A=TR* 45 fip’
L CA=bh C- 218 Wi se0

' S i .
] \\ .F;/
SN A o
i /

R v a0 e
b o RImANASRYT gl R T 2
360 "R 202 L Where A00%A 216RY  ATE DS d”
SPHERE _ ELLIPSE PRISMATOID

‘ PRISMOID {3

A=Tidb

V=bdheasn) | A=(%E thicrd,etc) x

1948




Section, 4—S8piral Curve Data M-1

' SPIRAL CURVE DATA

Length of epirsl in feet. La = 1.8 w2 {Reccnmended oinimun)
Speed 1n M.F.H. Ho
Redius of oiroular ocurvs ingfeat,
Spiral angle in degrees sxO0ept as noked. @s z( 28 .64T89 1s
in degrees : ls in radlans. \ ES
2Ro
Angla of alroulsr surte S 20te C.8.A8 £ A-208 - A-Le 5&'32516

LE—azta"-a‘s = ... d  Used@ in redians

15 315 570 o
Lfe -83 +@5 -BL ... Uss @ in radiane
3 TR/ 7550 ~

1 fndlaf e 57.295780 Degrees
% begrme - O,01745%2Q Rediens

Conpute Ko & To by substituting I& for L 4 @e for 8 .

& Offset distansenof(P.C, of circulrr ourve produced from tangent.
{2plral alncst @xsctly bisecte p) p-To-Rs vera.fswx¥c-Rall-loa Os)

z Diegtsnge Frem T.2. %o pelnt on tangent cppeeide P.O. of cireulsr
curve produged. k = Xe - He sin 8s : Ls  approximately.

= Tangent dlEsance P.l. Lo T.5. or 5.7,
Tx:(m+p)tm%+k

2 Long tengeot distance, L.T, z X2 -_Y¢

tan ®a
. = Short tesgent distenes S,.T, = _Ye
Bin @n
& Exiernal 4distence P.I. to ourve Eé z Re + p = Re
ceE &
2

Intersgsting angle betweon the tangent of the GOEPISW QUrFC
snd the tangent st Any other peint on epirel. 8 - L 85
La




Section 4—8pirai Curve Data . M-2

L.C. = Straight 1lina chord disisnce from T.5. to 3.3, L.2. & __%F
L = Matance from T.5. to any polnt on 8piral in feei. Gos ge
Lp = Disisnce from set-up to sny point on spirel in feet.
1= = Dagree of oiroculsr curve 5.0. %o S.5.

Do = 9729.578 = 200 @e

Ro La

D = Dearee of curve of spirsl at =ny point. = Dagree of looal

cireuisr curve at any point, O - L De - s L & 200dee T w

Ls La(fa z
do = Deflectlon angle =t T.3, to S.3. in dezrees. €2 )82 (Ferr
3 nearls)

4 = Earlectios sngle at T.5. from L.T. to sny polnt on @piral,

g = g B

T

4 = Darlacuzn. =t aet-up, from local tangent to|lecal cireular .

eurve ., Lp D

20 \
g = 3"”'“5""’ &L ast-up, from locel cifdular ourwe Lo laplril.
" = Lp© s
5 Ls

F'" - Deflaction, at aet.-up, from log@e} tangent to any Z6int on

apiral, g'" = - £" for all pointe on T8, 81dé of sat-up,
' = d' + €" for all pointe ofi SuC.Elde of set-up.

Fat-up

Loocal fangent .

| Spiral

- Local 01reular N A -~
}/ ourvel. coal ciroular.
- , curve.

Radius of) Spiral- Radiue of local ~ .
at set-up, ciroular surve,

Hote'i= At any polntdon s splrel,
the spirai leavea tha local
Glroular dlirve al)the same rate
it leavea tha lchg tangent st
Lhe T.2.




Bection . 4—Spirai Curve Data M-3

. The defiectlon angle from loosl langent {ehorid tangent) 2t 5.C. g
X T.5., = 2 88 (very nearly) = 2 L2 88
2 3 Le

The deflscticn sngle from locsl tangent at any poini on Bpirel to
T.5, = 2

When Bs 1 20° or more & sorrectlion "C" ag shown in "Barnett” or
"Hiokareon™ 1s nacsezaary.

. To lay cut apirel in Flald, set T.5. & 5.T, direct, The 5. & Q.8
ara a8t ueing Xc & Yo soordinates or by deflection englel o from
long tengent mt T.9. & 5.T. respect.iwly.

Sometimes Tor resaons of obstruction io the way §,0h cannotgbe seco
frop T.5, and 1t iz neceaeary to movs Lranalt abend. Belge is an
exsrple showing method of computing deflectlon #sngles ficom local

tangent to any other pointa on spirsl rhen sef-up at T.3%, S.C.;0 ond

any other point on epiral.
. -i EXPMPLE :-
3iver i- oo’ L ' Sl 813" -26"
3L eer: sﬁgt,:ug G ot go 00 Ba = Aq. 34! N-\ 13" 24
De = 200 @2 » 200 E 14,325 « 9,54930 D sl Pc = Q0% = 00
Ta 0] Ta 0
g rip b=im o0 ey es-LExu Lp? 3 .0O00S305
30 550 13 n%}
n"z .,p ¥ Lp? x g7 in
ale. Lnd In L00CO00 g 0go T
T.5. 51050.6 @ .00 o.oogg g.gﬁm e‘gtca*
511400 a. % 88 0.600 6,005°  0.005% 009-00!
511450 S8.0& | 3528 0500 0.187°  ©0,187° 00°-1%'
512400 109,48 211968 0,000 0.635° 00,6350 00°-36'
512450 1594 26408 ¢.000 1.3h8¢8 ;330 010-21°
513408 2094 A3fsn .00 2.326°  2.326° Qp%-a0°
513480 25904 67286 1.800 32,5707 3.570% 030-14:
5.7, BI85 0.0 0000 0,000 4. 775°  4.775%  04R-A46!

Sighi or long Wéngent end turn deflections »e ghown in 1ls6i eclusn.
Set-ph atng.do

Lp x
Ufa L 2o = 400 x 3,8005 « 0.549%0 ' = Lp D=lpx 3.5-\\93 = .u#g'ué.f;
® B -
_sta. L Lp? oS00 50 . g
T.8. 5101506 ,’E-UEC‘_ %ED‘U _1'2‘1’5;,. "TQEUU =

51i+00 290.6 Bissh 4,480%  §.73950 090.p4'
513350 240.£ 57888 3,071% 8,2??‘: ogg-sg*
512300 190.6 367328 1.5279  F.T3¢  o7e-10'

512450 140.6 19768 1.0450 5.5640  05daa0!

513400 20,6 B208 C.4350  3.8910 (30.53'
51%¢50 50,6 1648 C.087C  1.852¢ 01%-51°
8.0, 51%:90.6 sl sl . 000 C.000°%  0.0000  0O0-0n!

3ight ot shori tangent and turn deflesziions me shown in last solumn.

1953




Section 4—Spiral Curve Data o . M-4

Sete up at Sta. 512u30,

Tzl De oz 159.4 2 5.078% A" 5 Ip Dz Lp x 5.07k - .0dfho
- 5 55 00

'

F'z Lpx gz Lp? x g'" in
De

. Sta. Lj Lp? 253700 _Lcmgjfgg
2.5, 5104908 —25 —%g ’_?lﬂ‘ 1. z_g T2 §29-53
STeSe 2ffiHg-e 158.% 25%0% 01500 0:d00  AIodbe Bacioar
' 513+00 - 50.0 2500 1,266 C.333° 1,401 019-0h1
-+ 513450 100.0 10000 2.537 0.5308  3.0879 03g 08! w
3.0 513490.6 140,46 19768 3.957 1.049 b 6167 paZaay!

et vernier on daflection angle 2%~42" and sighi on T.50 Reverse
telesgope and turm bask to terc shlch will yut line of sighb) on logm)
tangent. turn the reet of the deflecilons shown in 1Ast oo umh.

DEFLECTION ANFLES FOR SET«UP AT ANY POINT

¥hen aset-up at any polnt of s epiral the doflection angle I'rom any
brokelght to any foresight may be found by the formmulais

ge = (Ly+Lp+L3)(L3-L3) 32]'32

Valued Are roascnably Mmecurate for aldparposes excepl whare “I°

correciions for aharpl spiral Aare appreclable. Fhen T.S5, & 5.0, are
locatad directly and not by, nar)‘;.‘.ng splral station from T.5. te 5,0,
arrora are not secumulatize and “C" dorreations are raraly neceses.

Then eet-up ad T.5. lyz La=p0 angd backsight ie on tanzont

- La“#nd foresighi 18 on tengent, .

¥hen set-up an any point, éeflectlon Angle from hagkslght to looal
tsng;m. can 28 codruted by making L¥a Lz mnd from foresight by making
1= LY

Rhen est-up on 3.0, Lz B

w
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