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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.

1948




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
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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

1948

N




Section 1-—General Instructions Chapter IV, Page 1

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.
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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
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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
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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

1948




Section 2—8uarveys ' . Chapter 1V, Page 2

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
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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

1948



Section 2—Surveys Chapter VII, Page 2

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.




Section 2—Surveys Chapter X, Page 1

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.

e




Section 3—Preparation of Plans Chapter III, Page 1

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.”




Section 3—Preparation of Plans Chapter IV, Page 1°

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.




Section 3—Preparation of Plans Chapter VII, Page 1

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.
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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
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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
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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 -
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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 