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SURVEYING I

Fundamentals
A, Definitions

1. Surveying
Making such observations and measurements needed to determine
the position of various points on the earth., These meagure-
ments may be either linear or angular in nature,

. 2. Plane Surveyang
Surveying w1th the basxc assumption that the earth's
surface is a plane tather than being curved,

3. Route Surveying
That portioﬂ of generai plane surveying which deals with the
location and construction of routes of transportation and
.communications.

4, Elevations | |
Relative elevation is the, difference in elevation between
any two points when one is compared with. the other;

Absolute elevation of a point is its elevation with zespect
to some particﬁlar point of reference, known as the datum,
With reference to the surface of the earth, the datum is
mean sea level,

S5« Measurements-

There are four kinds of measurements:
(1) Horizontal distances
(2) Horizontal angles

(3) Vertical distances
(4) Vertical angles



The horizontal distance between two points is the distance
between the projectionm of the points on the horizontal plane,
The vertical distance in surveying is the distance between ¢,
points in a vertical line. A

Bxample: (See Pigure 1) Let A and B be the points on a
sloping surface. The horizontal distance between A and B

is not A B but its projection A C.

grm———
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Units of Measurement

Linear Units

In the United States the unit of length in surveying is the

foot. PRor measurements of less than one foot, decimal

parts are used instead of inches and fractioms.

Angular Units

Angles are measured in degrees, minutes, and seconds. There
are 360 degrees in a full circley, 60 minutes in one degree,

and 60 seconds in one minute,.

Units of Area and Volume

'The units of area are the square foot, Sguare yard, and the

acre, The units of volum- are usually the cubic foot and

the cubic yard.

C. . .Principal Surveying Equipment

i.

Chains and Tapes

Pormerly on surveys of ordinary precision, it was the practice
to measure the length of lines with the engineer's chain.

The engineer'’s chain was 100 feet long and was composed of

100 links each one foot long. Distances measured with the

engineer's chain were recorded in feet and decimals., Measuring

- with chains was called ""chaining.’* The term has survived and

is now generally used to refer to the operation of measuring
lines with tapes.

Tapes are made in many lengths and weights and of a variety

-of materials. The most common in use by the Texas Highway

Department is the heavy steel tape or "chain,” the light steel

tape, and the cloth-metallic.tapes
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The heavy steel tape is generally the major device used to
make linear measurements, The most commonly used length is
100 feet, but it can be obtainéd in lengths of 50, 200, 300.
and 500 feet. Usually the chain‘tapes have graduations with
numbers every‘fOOt, with only the end feet graduated to
tenths or hundredths of a foot. Some tapes have an extra
graduated foot at one or both ends. Sometimes the ribbon
extends about six inches beyond the graduated portion of

the tape, and sometimes the ends of the rings mark the zero
and last graduation.

The steel tape, being elastic, stretches when a pull is
applied. It also expands oxr contracts as the temperxature
changes. Generally, it is considered that a 100-foot steel
chain is 100 feet long at 68° F. when a, 10-1b. pull is
applieds; however, for preéise measurement, each chain must
be checked against a standard chain whose length is known.
The ribbon of the metallic tape is of waterproof fabric
interwoven with small wires to prevent stretchlngo It comes
in 50 or 100-foot lengths ;nd is graduated into feet;.tenths,
and half-tenths. It is used primarily in earthwork cross
sectioning and other work where a light;flexible tape is
desirable, and where small errors in iépgth are of no

consequence.
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Engineer's Level and Level Rod
The engineer’s level basically consists of a telescope mounted
on a bubble tube which is rigidly fastemed to a rotating B
spindle, The bubble in.the tubé;is centered by using the
leveling screws, The whole leveling head is fastened to a
wooden tripod for uses InLthe tube of the telescope sare
cross haifs which will appéar on the image viewed through
fhe telescopeo

The level rod is used to measure the vertical distance from
the horizontal line of sight to a given point. The most
common type of level rod we use is the Philadeiphia Rod.

Even feet are shown in large red numbers. The smaller black
figureé indicate the even tenths of a foot.. The hundredths
of 'a foot are indicated by the small blacknand white spaces.
The Engineer’s Transit

The engineer's transit comsists of a telescope mounted on a
hori@ontél axis and supported by standards. Attached beneath
the telescope is a spirit level tube. Angles of rotation of
the telescope ig a vertica%uplane are indicated by\a[vertical
circle which is graduated in degrees and which read by means
of an index attached to one of the standards. The standards
rest on‘the uppe: plate which is equipped with spirit levels
and whlch rotates about the vertical axis on a spindle,
called thé.inne;‘spindleobhfge lower plate revolves about the
vertical axis on the outer spindle., The outer rim of its
upper face is a circle gradﬁated in degrees and read by

means of an index on the uppér circleo The'spindles,are

. supported by the leveling head which is screwed to a wooden

tripod, The bubbles of the level itubes on the upper‘plate
. 5.



are centered by means of four leveling screws, A magnetic

compass is centered on the upper plate.

D. General Procedures of Field Work

1,

Organization of Field Party and Assignment of Work

One of the most important requirements of a good field
party is proper organization, both of the field party and the
work assignments. Organization of the field party itself
will vary according to the work to be done. Tﬁe number of
men in the party will also be a factor in determining the
organization. Normally, every party will have its party
chief, instrumentman, and notekeeper. Many times, the
party chief and instrumentman are one and the same. Other
members ofrthe party may be rodmen or chainmen, depending
on the nature of the work. The impprtant point is that

each member of a field party has a definite part of the opex-

. ation, Therefore, for him to do his part, he must know the.

things he is to do. This may sound relatively simple and

~basic, but many times, field parties have gone out to do

- some important field work with one or more members of the

- group who do not have the vaguest idea of what is to be done
or what their duties are. A situation such as this can only

.result in errors, which result in higher costs and time-

consuming delays.
Insofar as the assignment of work is concerned, it too .

must be organized. All work routines must.be planned in



3,

advance by the party chief. The sequence of performing the
work must be cousidered in order that the mximum efficiemcy
might be gained. Tblhave,a group of men stemnding around on
the jobsite waiting to be told what to do ig time‘&hséiutely
wastedov The party chief should review im advamce the entire
project'of work. The sequence of the work sheuld 5@ decided
on, and the general operatien of the party in perfermisg each
sequence should be determineds A good party chief will have
his work so organized that each portion ef the surveying moves
smoothly fiom one phase to the next.

Recording Data . ;

Field notes are the written record of the work done in
the field and are written at the time the work was done. They
must'be as compleie and accurate as possible, Unfortunately,
this is often not the case, Many surveyors seem to think
that their work is weli done if the field recordﬁlreinforced
by their own memories, is sufficiently compxéheﬁsive to make
the field data of immediate use for whatever purpose the
survey may haveg On‘éost surveys, it is impossible to pre=-
dict to what extent the inforgation gathered may become of
value in the remote future, Not infrequently,; court gro-;
ceedings in&olve‘surveys made long before. Oftenp'i%‘is dew
sirab;g, particularly inm our line of work, to extend, or
OtherQise make use of surveys made years ?reviouslyg In such
Cases, it is quite 1ike1y‘that the old field notes will be
the only visible evidence, and their value will depend, iargely
“Pﬁn the clearness and completeness with which they are .

rgcorded. C 7



The notes consist of numerical data, explanatory notes
‘and sketches., Also, the record of every survey should in-
clude the date, the weather conditions, names and duties of the
surveyory or party chief and“his assistants, and & title indi-
cating the ;gcation of”;he survey and its nature or purpose.
All field notes should be recorded at the time the work is
done. Notes made later from memoxry or copied from other notes
may be useful, but they are not field notes., The notekegpex‘
should reali;e that thé“notes will very likely be used by
other persons not familiar with the locality who must rely’
entirely updn what he has recdrdedo For this reason, ncf
only should the notebook conféin all necessary informatibn,
but it should be recorded im such a form which will permit .
;only one intérPretatioﬁ; Accurate and c¢learly drawn skefches
will do more than anything else to convey correct impressions.
| The use to be made of the notes should guide the notekeeper
'in deciding what information to include .and what information
to leave out. To make the notes clear, the recorder should
put himself in the place of one who is not on the ground at
the time the suryey is made. ;

- In recofding the déta in the notebqok, a 4-H pencil,
‘well pointed, should be~used.” The figures used should be
plain. One figure should nevery bg writ;en over another.

‘In general, numerical data should not be erased. If a number
-is in error,--a line should be-drawn thro?gh it, and the
corrected value written above. Where deéimals.are used,
. the decimal;should never be omitted. The numbers should

always show with what degree of precisio;‘np the measurement
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was taken. Thus, a rod reading, taken to the nearest 0,01
ft., should be recorded not as 7.4 ft., but as 7.40 ft,
Notes should not be made ﬁp appear either more sccurste nor
' less accurate than they really are. The pages should be
numbered in the.ﬁpper right hand corner of the rxight hind
léaf only, The number should appear with a c¢ircle drawn
around it. In this way, an index, s table of comisnts,
may be recorded in the front portion of the booke
Safety Hints

One of the prime considerations of any type weork should
' be the safety and welle=being of ithe men involved., This is
‘particularly true in field survey work, which many times is
done Under hazardous conditions or im a remote area where
medical aid is not easily available, |

Any situation which involyes working under hazardous
conditions such as in high plages, in traffic, in.wateg, etc.,
should be completely analyzed in advance., This snalysis
should consist of spofting the probably danger spots, and
determining exactly where the danger lies. Then the work
should be planned to eliminate; or reduce to a minimum,
bPersonnel exposure to these dangers. In most cases, the
'work can be so organized and p;anned fhat none;of the .,
people involved will be:exposed to possible hazard., In some
cases,. complete elimination of hazards is impoésible,‘and some
.exposuge is necessarys, The WOik should be pianned to keep

this to a minimum, and the personnel involved should be



II. Chaining

sclected on the basis of who is best qualified, physically,
mentally, to cope with an emergency, should it arise.

All equipment, tools, etc., involved in the work shouy
be examined daily prior to beginning the day's work to dea
termine if they are in a proper and safe 6qndition, A gooq
party chief will observe the work as it progresses during
day with an eye to eliminating any dangerous or unsafe meth

or attitude°

A. General Procedures and Requirements

1.

2o

Importance

The basis of a11 surveylng is the linear measurement,
No matter -how accurately the other phases of work are done,
with inaqcurate chaining, the survey will be a failure. It
is not easy to av01d making errors, and certainly, it is no
a S1mp1e operatlon to cha1n w1th pre0151on. Chainmen shoyl
constantgm on the alert for errors in order that a great de
of wdfk may not be lost through inaccurate chaining.
Reading a Chain

'The equipment required in chaining usually consists of
one df more range poles, eléven chaining pins, and a, one-,
hundred foot steel tapé with‘iﬁté:&als zero to oné foot, ,
and 99 to 100 foot, graduated in tenths of feet, and the rt
mainder of the tape-or chaim gradyated in feet. One rangf
pole-is placed behind the distance point to indicate its
cation, The rear chainman with one p1n, stations himself !
the point . Qf beginning. The head\cha1nman-w1th the zero ¢
of the tape and ten pins advances toward the distant point

When the head chainman has gone nearly one. hundred

10



" feet, the rear chainman calls *“chain™ a4 signal for the head

. chainman to halt. The rear chaipmarn holds a hundred-foot -
mark at the point of beginning, and hy hend zignal or speaking,
lines in a chaining pin held by the head chaipbmsn with a

range pole marking the.distant point. /uring the lininge-in

process, the rear chainman is in & kneeling position em the

- rear chainman will have a clear view of the signal marking

sets a piq vertically on line and 2 choyt diztance te the
reéi of the zero mark. With his "¢ hand, he then pullzs the
tape taut and making sure that it dis straight, brings it in
coﬁfact wi&h the pin, The rear ﬂh@iﬁm&n? when he observes
théflthe hundred foot méﬁk ig at The point of beginning calils
"stick" orA”all righta““ The‘head chainmran pulls the pin and
stiégs it in at the zerc mark of the tape, with the pin sloping
awéy from the line, He'agaim pullé the éape taut; and notes
théfﬁthe zero point éoiﬁéidesiwith the pin at its iﬁtgr&ection
with the ground, The réazbéhainman then releases the tape,
the head chainman movesmforwa;d as before and soltﬁe process
is repeatede T i o
"~ As the rear chainmanuieqves each intermediate point,
"he pulls the ping; thusg”thergyis always one pin én the groﬁnd
and ‘a number of pins held by!the rear chainman at anyitime,'
indicates the number of hundreds of feet or statiomns from
- the point of beginning to the pin in the grqunde |
. o1 |



At the end of each thousand feet, ten stations, the
head chainman has placed his last pin in the ground. He
signals for pins; the rear chainman comes forward, with the
ten pins he has pulled, both éhainmen count them to see that

" none is lost, and5the head chainman recofds the talley. The
head chainman takes the ten pins and the procedure is repeateq,

The zero point of a chain and a corresponding ending

' point at the other end may be:

(1) At the extreme ends of the holding rings.

(2) At the extreme end of the steel ribbon,

(3) On the ribbon, near the ends.

If you are in doubt, compare the end foot with an inter=
mediate foot. The first rule of chaining is that both chaine
men must know where the beginning and ending points are lo-
cated on the chain,

B. Correct Methods of Chaining
1. Measuring Distapqe less than the Length of the Chain
If the tape,;pr if the chain, is graduated continuously

~from O to.EOO,*with every foot subdivided into tenths and
hundredths, it;ﬁs obviously simple to make méasurements less
than the length of the tape. When, however, the end foot is
the only one subdivided, it is necessary that both chainmen

“take part in the actual reading of the. tape.
Examples ASsuﬁg;ihat Points A and B are located 70.65 feet
apart,; and we have a 100-~foot tape witpout an extension.

To measure this distance;, the head chainman stretches the

tape at Point B and tells the rear chainman at Point A

12



2.

< -

to “hold one," which meais to held a f@oi mark ovexr Point A,
I1f fhe rear cﬁainman holds the 70 font mark, th@.ﬁ end of the
tape falls short of Point B; obviously, the distance must be
70 feet plus some fraction of the next foot. The rear chaine
man holds the 71 foot mark and yells ® holding 71,” ihe head
chainman then reads the distance from ¢he one fooi mark on the
tape to Point B, and he finds this to be 0,65, The head
chainman mentally sugtracts one foot from the called 71
and adds the 0,65 to obtain a measured distance of V0.65
feet. For tapes having an extra graduated foot beyond thre
zero, point, it is not necessary to suhbiract one foot as just
described.
Laying off Distances less than the Length of Chain

In this case, the procedure is exactly the reverse of
that mentioned in Item 1 above,
Examples Let us assume that it is required to lay off a

distance of 61.72 feet. The head chainman at the zero end

[

of tae clLain finds the point in the subdivided end fecot that

21t from the first.foot nark (not from zerc).

|2

S O,

RS

The rear chs 'nman adds 1 to 61 and calls out "holding 62,"
and this »>int is held at the beginning point of the distance

to be laid off. The head chainman mentally subiracts 1 from

Bl and sets the required point opposite thc gradvation that is

4
0,72 feet from the one foot mark.

For tapes having an extra graduated fott beyond the

zero point, it is not necessary to add one fuot to €l.

13



3.

The chainman at the zero end finds the point in the sube
divided extra foot that 0,72 feet from the zero mark. This
point is held at the beginning point of the distance to be
laid off. The other chainman holds the 6l=foct mazxk and
calls out "holding 61" and sets the required point opposite
that graduationoﬂ ‘
Measuring Distances greater than Length of Chain
It is obvious that i@ measure a distance greater than
the iength of the chain, chain lengths are laid off repe-
titiouélyo In doing this, chainmen must keep four things
uppermost in mind:
(1) the chaining must be done in a direct lineg
(2) the chain must be stretched tight for each length;
(3) the end of each chain length must be marked in such
a way‘és to be used as the beginning of the next
chain length;
(4) accurate count must be kept of the number of chain
lengths.

In order to keep on a straight line, .2 range pole may be

set "on line' some distance down the line to be chained.

‘The rear chainman can line in the head chainman by sighting

on this pole. If more accurate aligning is desired; the

transit may be used. To mark the beginning and end of each

‘chain length, chaining pins may be used. In the event high

precision is required, we can set stakes and use a tack or

14



4.

xn1ic mark to indicate the exact point. On ground that is

too hard for stakes or pins, nails may be driven. On pavements,
points may be marked with a crayon. As you can see, there are
several different methods of procedures Two good chainmen

will soon discover which procedure is best suited for the

work they will do.

Chaining on _a Slope

In measuring slopes, there are twa ways of getting a

horizontal distance which is the distance usually required

in surveyingse
(1) The distance may be measured along the slope and
corrected by calculation.

(2) Holding the tape horizontally every time it is

stretched for a measurement, We normally use the
second method in our surveying operations.

In chaining with the tape held horizontally, it is easier
to chain dpwnhill than to chain uphill. The downhill end of
the tape is held high enough off the ground to make the chain
horizontal, and the point on the ground is found by using
the plumb bob. This process is repeated in a series of steps

until the line is chained.

15



When the slope is so steep that the downhili end cannot
be held high enough to keep.the chain horizontal7 the digtanq
must be measured in sections which are short encugh 10 permiy
the procedure outlined above, This is called breaking the

chain, See Figure 2.

100’

Sp——— — — —

16



Errors in Chaining

5

Listed below are some of the common errers that occur im
chainingo.

a. Tape not correct lengéh
This wiil produce a cumulative error, since it does
not compensate. It nay be eliminated by checking it
against a standard tape,

be Chaining not done in direct line
In this case, the head chainman sets the point,sometimes
on one side, and sometimes on the other side of the
true line, This a cumulative ertor, but usually,
it is the least impo;tant of the errors in chaining.
This error can be reduced to a negligible quantity
by ‘careful aligning while chaining,

€cs Tape not horizontal .
This error is cumulative normally. With the eye, iﬁ
is difficuit to tell when the tape is horizontal,
Inexperienced chainmen have been observed chaining,
what they thought were horizontal distances on a |
slope of perhaps ten per cents This error can be
reduced by leveling the tape with a hand level, or
by means of a string and string level, |

de Tape not straight
In chaining through grass and brush or when the wind
is‘blowing9 it is impossible to have the entire tape
'in’a straight line. This error is cumulative. and

can be likened to chaining with a tape that is too

17



short. The error can be reduced to a minimum by clearing the
line of large obstacles, stretching the tape taut, and by
careful checks by the head chainman to see that the tape is
straight.
€a Inaccurate Read1ngs
Errors in readzng the tape9 lining the tape to the points, and
in plumbing while taping on a slope are accidental errors.
They are not cumulative and tend to vary as the square root
of the numbexr of tape lenéfhs° In rough terrain, the‘error
in plumbing is of most imbor‘tance° Gare in the work will tend
t0 eliminate these errors. : L
f. Variations inﬂTemperature;”Tensiqn and Sag
The length of the chain is directly dependent on these three
items. However, standard corrections can be applied to elim-
inate their effeéto These correctioms are discussed in N
detail in Item C. | - |
C; Corrections and Adqustments
| 1. Temperature
' If measurements are made at a “"igher temperature than the
68° standard, the tape is too long. If the measurements are
made at a temperature below 680 standard, the tape is too
‘short. For 3 change in 15° F., a 100-foot steel tape will
.experience aﬂchange in length of aboqt 0,01 foot, which
introduces aﬁ'error of 0.5 foot per m11e° An extreme change
of 50° would introduce an error of 1. 5 feet per mile,

The coeff1c1ent of thermal expan51on of steel is 0.,0000065

'*per 1° B, If the tape is standard at 68° and measurements are
18



taken at T degrees, the correctionm {¢J to be applied is
given by the formula = C=0,0000065 1{r-68°) where 1 is
the measured length,
2, Tension and Sag
Corrections for these twe items are no? nopually made
except for very precise wsagurements such as are invelved in
triangulation. In the event it i1z dJdeemed necessary te corxrect

tion can be eliminated

‘»
‘LJ

for tension and sag, the neaed for coires
by beding compared with & standaxd ftape. .
The comparison is made as followssg
a. A filat flcor more than 103 fest lopg 15 wses snd
both tapes are siretcbed side by side esn the floor
to ass@me the same temperature. The fleoor may be of

any material as long as it is smocth and flat, Tem-

£:4
e}
5

this comparison by having

perature is disregarded
both tapes the same temperature, 4 ;

bo Paper stickers are fastened to the floor at pedmts
corresponding to the 0, 25, 50, 759uand L0G=f oot
marks on the standard tape. A starting line is
narked at‘ﬁhe zeré‘@pdo | -

Co Thé standérd tape is then used, ﬁndera 10ep@mnd )
tensi@ng ﬁo mark the correct distances on the 259
509 75, and 160-foot papezrse.

d. The tape which is to be compared will then be immed-
iately plééed in ﬁositi@n and put under stand#rd
tension, This ishic;p@@mds for tapes 10Q0 fe%t'or less
in length and 20 peunds for tapes over 100 feet in
length, The corrections, if any, at each tape interval

will be noted, ,
19



IIXI. Leveling

€a

If +the correction can be eliminated by using a tensiQn
different from the standard, that tension will be
determined. With this information, the tape can be
used for exact measurements when it is fully
supported, |

As baseline measurements must be made under con-
ditions where the tape cannot be fully supported, it
1ogicél to decide, while the comparison is being made,
what interval of support will be used in the field
and determine what tape tengion is required to give
correct: lengths with those intervals., Twenty feet iy
suggested and following Step 3 above, the tape can be
blocked about 2 inches above the floor at those inter
vals . and checked immediately, About.2 pounds additia
tehsion may be required, depending on the weight of t

tape,

A, Use and Careﬁof Level

1. Care of the Level

twist off the heads of a screw.

Many parts of the level are delicate and are made of

soft material, so the first and most important rule is t0
handle the instrument gently. Never force movable parts!

screws. It can be comparatively easy to strip threads of

]

In ;embving the instrument from its box, always gras]

the lower part - not the telescope. Be sure the level iff

is securely screwed to the tripod. More than one accider

20
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has occurred by 2a instrumentman simply setting the head on
+he tripod, turning to do scmething elso lemperarily, and

a,

having another member of the cyew pick up ihx level and fling

it on his shoulder. Always be sure the ingtrument is screwed

§

to the tripOd »

”~

In setting up the instrument ior

cautions should be used. Do not lei

tripod's legs so close together that
leave it unguarded where it might be knocked over by people,
moving vehicles, or animals, In setiiag vl the ipstrument
on pavement or other slick surxfacez, try €0 wedge ths shoes
of the tripod into cracks or depressions.

In,carrying-the level, always be sure the spindle is
clamﬁgq tight so that the telescope will nmot swing back and
forth. Carry the level in fromt of you when going through
restricted places, particularly when there are overhanging
limbs.

Setting up the Level,

In this procedure the whole point is to get the instru-
ment in such a position that the line of sight through the
telescope will revolve in a horizontal plane. The first
step is to plant the tripod legs in the ground in such a
manner that the upper part or head of the iripod is approx-
imate}y level. Next, you mus{ adjust the upper part of the
instrument by means of leveling screws so that the line

of sight will be horizontal in aasy direction. This adjust-

o

¢ is above and

f= 18

ntil

L3

<
ot

ment is done by turning the telescaope

("9'
[N
23

in line with two diagenally opposite zcrews and bringing
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the bubble approximately to the center of the tube Dby
turning the screws. Then, turn the telescope over the
other pair df ieveling screws and repeat the process of
bringing the bubble io theicenterc- This process is alter.
nated back and forth until- the bubble stays in the center
of the tube when the telescope is swung in any dirxection,
In turning the two diagonally opposite screws, the
thumbs always move towards. or away from each other.
Remember, the bubble will move in the direction in which
the left thymb is turned. Whem the thumbs turn towaxds
each other, the bubble will move to the right; away from

each other, left,

B. Use of Level Rod.

1,

Holding the:Rod B

Since the leyel rod is used to measure the vertical dise-

tance from the horizontal‘linevofrsight to a given point,

it must be beld in a vertical position, This may be accome

plished in several wayss ;

(1) Holding the rod loosely with your fingers and
seeking to balance the rod on the point,

(2) Use of a rod level.

(3) By rocking the rod slowly through the vertical

position and”taking the least reading observed.

22



Reading the Rod

24
The most common type of level rod we use is the
philadelphia Rod. Figure 3, You will note that the even
feet are shown in large red numbers. The smaller bdlack
figures indicate the even tenths of a foot, The hundredths
of a foot arxe indicated by the small black and white spaces,
You will note that the even foot, tenth, and five hundredth
mark is indicated by a point on the black line.
/\/\h\

------ 523 t

—— - --2li/

e --505
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Basic Theoxry of Differential Levels

1,

2o

Definitions

ao

ba

Co

Backsighﬁ'(Bsz Sight or reading on any point of knowp

elevations. Alwéys add the backsight to the elevation

of the known point to get the Height of Instrument (HI)

Foresight (FS) Sight or readimg on any point of un-

known elevation., Always subtract from HI to get

elevation.

Height of Instrument (HI) Elevation of instrument,

This is arrived at by adding BS to elevation of known

point (BM oxr TP),

Explanation of Theory

8o

bo

If we hold a level rod on a bench mark and sight
through a leveled telescope, the point at which the
horizontal cross hair intersects the level rod is the

vertical height of the instrumernt above the bench mark,

Thus, if we add the reading on the level rod to the

known elevation of the bench mark, we arrive at the

actual height of the instrument (HXI). The reading

on the level rod is called a backsight (BS).

Knowing the height of instyument (HI), we can

set the rod on a point of unknown elevation and again

read the rod., This reading on a point of unknown
elevation is calied a foresight (PS). This reading
is the actual vertical distance from the instrument

down to the point. By subtracting this reading (FS)
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from ine instrument height (HI) we arrive at the actual
elevation of the point, This point then becomes @
bench mark (BM) or as a temporary point, it is callied
a turning pbint (TP).

Ce The ingtrument can then be picked up, moved ahead,
réleVeledv‘and a new backsight taken on the turnimg
point and the process repeated, This ¥ieap frog” pro-

cedure may extend as far as needed.

Correct Roxrm for Level Notes
(+) : (=)
Stao Boso HoIa PoSo Elev, R@mrm

BM #¥607 3,76 103,76 160,00 UsCaG BMEY6O
TP #1. - 6,21 105,95 4,02 89,74

TP #2 4,02 106,06 3,91 102,04

TP #3. Toll 107,07 6,10 99,96 . .
BM #Y609 6629 100,78 = USCLG BM#Y60¢

To checkg Sum of BS (#) less sum of BS (=) should equal
difference in elevation of beginming BM and ending BM.
If you begin at end on the same BM, ther the sum of the BS

and the sum of the PS should be equal, i.es, (from above)

BS (#) FSs (=)
3,76 4,02
6.21 3,91
4002 6,10
7211 %328

+* 2Toi6 o X3 2
= 20,32
% 3078

25



D.

Vertical Control Net

l.

2.

General

In our construction work, it is necessary that we
control the grades.or ele?gfion_of the roadﬁay and st#gég
tures during construction. In order to do this; we need
a series of points of known elevation (bench marks) to
refer tb. Generall&, we need these points about evgry&“
1,000 feet located near the right of way, but not nec-
essarily in it. In order to determine the elevations of
the bench marks, we set every 1,000 feet, it is neceasary
to run a series of differential ilevels from established
U, S. Government Bench Marks.
Method 6f Bench Mark Leveling

When a .line of levels does not form a closed circuit,
it may be possible to check the field work by starting
from one permanent bench mark and clpsing on anothexe When
this is not practicable (as isjthe usual case), 2 check
may be made by rerunning the levels in the opposite directit
Examples Assume it is desired to establish.a Bench Marzk B,
startingﬂfrqq Bench Mark A of known elevation, Levels are
first zun from A to B and the difference, d, in elevation
between A and B is determined. Levels are then run from
B to A, and a second difference in elevation d' is detegmint
There usually will be a variation between d and d'. If
this variation exceeds permissable tplerance, both lines
must be rerun until the vg:@ation is‘withinvtolerable
limitse The average value $(d4 + d")is then used to cal-

culate the elevation of B.
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In determining the tolerable limit of error mentioned

above, Getween d and d¥, the formula:

Erroxr = 0,1 Vbistance in Miles will wususily give
satisfactory limitss
Distribution of Errors
In this discussion, two different cases will be
taken up?
| (1) Levels re=wrun in opposite directions.
(2) A closed level circuit.
2. Levels rerun in opposite directions
Starting from known Bench Mark A, levels are
run to establish the elevations of new Bench Marks
B, C, and D, Assume levels were run forward and
‘backward between each pair of successive bench marks
as explained in Item IXI,; Dy, 2, above, Assuming the
variation of d and d! between A and B is within
tolerance, the average 3 (d*d"') is used to calculate
the elevation of Bs The same adjustment process is
used between B and C, etc,, througout the whole line
of levels,
b. Ciosed level circuit A
Starting from known Bench Mark A, levels are
run over a closed circuit, ending on Ay Let B re-
present the error of closure, It is necessary to

distribute this error in adjusting the elevations of

27



the new bench marks on the circuit; This error is
normally distributed around the circuit in proportioy
to the distance of the bench mark ffom the stérting
point.
Example: If the bench mark is 1/8 the total
length from A, then its.elevation is adjusted
by 1/8 B, If the elev;tion.of A, found from
running the levels around the circuit, is highm
than its elevation used at the start, i.e., if
E is positive, then the correction applied to
each bench mark Qill decrease ifé elevation.,
If B is negative, the cornection for each
bench mark is positive, thus increasing its
elevation. o |
E. Construction Stakes for Vertical Control
;; Construction Hubs
These stakes are usually set by the Field Party prior
to beginning construction operations, They are set oppo-
site.each station, and on each right of way line. The
elevation of the top of each hub should be determined to
the nearest hundredth of a foot by running levels between
bench marks previously set every 1,000 feet. All vertical
distances tq.each point in the,cross,sectibn can then be

p— e

meaSured_frqm these hubs,
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Siope Stakes

Slope stakes are stakes set te indicate the toe of
slope or the top of a slepe, In 2 normal grading, these
points may be scaled directly from the plotted cress
section sheets, or in some caseg, directly frem the Typics!
Section Sheet. HoWever, in the case of deep fills er
cuts, where considerable quantities are invelved, this is
not sufficient., Since the quantities involved may vary
considerably with the slope = it follows then that the
slope of cuts or fills must be followed exactly. Since
it is humanly impossible to:build a slope exactly by eye,
it is necessary to set-slépe stakese

Example: Starting with the nearest bench mark,

differential levels are run to the section of roade

wa? to be staked. The subgrade elevation is sub-

tracted algebraically from H.,I. elevation and the

difference is the grade rod. A rod reading is then

taken to the neairest tenth of a foot on the ground

at the center line stakesy All rod readings are

considered negative., The rod reading and the grade

rod are added algebraically and the sum indicates’

the cut or fill at the point where the reading is
taken - minus indicating fill and plus indicating
cut;

If the ground is level, the cut or fill to subgrade

at the slope stake will be the same and the distance

29



from the center stake to the slope st#ke is found
by multiplying the center cut or filifﬁy the ratio
of the side slopes“;%d adding one—héif“¥he width of
the roadbed. o

If the ground is not level, the cut or fiil
will be different for various pointsg;ﬁﬁd the problem
is to find the point‘on each side of the center line
whose-distance from the center is‘eéuHI'to the cut
" Or fili at that point multiplied bf tﬁé“s1ope ratio
and added to oné-half the roadbed. : This is a trial
and error procedure. Por'examplewiﬁ'?igures'4, 5, and

" 6, three typical cases are shown.
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Pigure 4 shows a cut. In this cage, the H,I., is always
apove both the ground and the propesed subigrade and, therefore,
Jhen the elevation of the subgrade is subtracied algebraically
from H.1., the difference (grgde rod) is alweys Dositive. In

this case, the grade rod = Hil.-Subgrade El.

He I = 543.29
SUng. Bl& = “526.70
Grade Rod = 16,59 Use 16,61

The rod reading on the ground at § = =7.3, Therefere, the
algebraic sum of rod reading and grade rod = «=7.,3#16.6 = 9 3
which is the center cut (plus = cut and minus = flll). If the
grouﬂd were level then the slope stake would be 1.5 (9.3) + 14

or anproximately 28" cut from €. Assume, however, the rod

H

/—1
10.2 2 o
1 R 1 ®
) © | 2s
- o _Hisa32e . lZ
- ,\ T ] 1
28.00 —> 1 GROUND ROD s
. : , =73 — /58
O f v r= / e’
LT 7 .0 1C 140
SLOPE ‘STAKVE ol 1*\ /;‘ 413 s
7l St 0 Life) O 14.0
G| "' suB-GRADE Z|& 2
526,70 i o
28.0 | 21.0 N
i i

FIG. 4
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reading at this point = 10.4 indicating the ground is not
1§ve1 but falling. This reading added algebraically to the
grade :od.=-10.4+16.6 = +6.,2 (cut)de. Therefore, the slope
stake should be 1.5(6.2)+14 or approximately 23.3' outs The
rod is then moved to this point which gives reading.of 10.2
giving cut of 6.4. The &istance 2 6e4 (1.5)*14 = 23,6,
Moving out the=0:3'we find the rod. reading does not change

and the slope stake is sety
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Figure 5 illustrates a fill of which the finished
roadbed is below the H.I. 1In this case, the prade veod will
always be less numerically thaﬁ the rod readings on the ground,
HThe grade rod in fhis problem dis +3.7; the rod reading at;A{
the center stake is -8.5 and their algebraic sum is =~4,8,
the minus sign indicating a fill. The bmsiti@ns of the

slope stakes are found By trial as previously explained.

GR3ADE: ROD - } -
~leg = t3.7 85 ‘ 6.3
|74 / S| H.L=36580 e e e
o A 'y g
L; © SUB. GRADE
. 9.6 . yD (ve] = 562.!0 o
T 5 ¥ <
OQ . OID 20 4 o
)7 O ) "
g?/ £\ Ul "1
AWVE g n
] N\ . —_— g L___
8! e , v,
N ~ F48  CENTER FILL
F6. 4 0 = 4,8
19.6

FIG. 5
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In Pigure 6, the finished roadbed is above the height
of the instfument and, therefore, the grade rod has a megatiy,
value., Since the rod readings are always congidered negative
the fill in this instance is the arithmetical sum of the graq,
rod and the ground rod. Otherwise, this case is similarxr to

the preceeding ones,

’

20

» ,
GRADE ROD l
19.8 >0 _J SUB GRADE =575.41 | 14.7

‘ 8
H.l, = 570.40 \ 4

3

\ ‘v /
\) , Fl2.4 - Fo.8
Fi32 .CENTER FbLLb o 47

29.8 - -12.4
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vertical Curves

1., Per Cent Grade

Qo

be
Cs

de

Per cent grade may be calculated by dividing the
change in elevation by the hariz@ntaixdisggqaé.over
which this change 6§curs,y theﬁ cenvaxtimg thefanswer
to per cent.

2.0' change in 5000°

2.0 § 5000 = 0,0004 = 0,04%

The grade is positive if the elevations increase
as the station numbers increase.

The grade is negative if the elevations decrease

as the station numbers increase.

In the case of 100' stations, the actual increas:
or decrease in elevations in 1 s;ation is» equal to
the % grade. 0.2Y change in 100°% station = 0,2%

grade.

2. Calculation of Tangent Elevations

a.

b,

Ce

A tangent is the straight line between the various

breaks or changes in grades,
b4

The point at which these changes or breaks in grade
occur are called P.I.'s.

To calculate the‘glevations along a tangent you must
add or subtract from the elevation of the, P.X. The
amount to be added or subtracted (Change) is cal-
culated by multiplying the grade expressed as a. .
decimal by the horizontal distance from the P.I. to

the point on the tangent.
35
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160,00 Elev,
101.00 Elev.
96,00 Elev,

Example: Po.l. = Sta. 0+00
PoI, = Sta, 5#30
Polo Sta, 10+00

"o

i

Find % grades and tangent elevation of stations

% grade from Sta., 0+00 to 5+00

Hor. Dist. = 500 °

Vert. Change = 41,00 . '

% grade = 1,00 €.500 = 0,002 = + 0,2%
% grade from Sta. 5+00 to 10+00

Hor, Dist., = 500°

Vert. Change = 5,00°

% grade = 5,00 ¢ 500 = 0,01 = =1,00%

Sta. Tan, Elevo

0+00 PI 100,00

1+00 100,20  Elev = 100,00+ (,002 x 100) =
2100 100,40 = Elev = 100,00+ (.002 x 200) =
2%34 100,47 - Elev = 100,00+ (,002 x 234) =
3+00 100,60 BElev = 100,00+ (,002 x 300) =
4+00 100,80, Elev = 100,00+ (.,002 x 400) =
5#00 PI 101,00 Elev = 100,00+ (,002 x 500) =
H6+00 100,00 . . Elev = 101,00= (.01 x 100) =
7400 99,00 ~Elev = 101.,00- (.01 x 200) =
8+00 98,00 Eiev = 101.00= (.01 x 300) =
‘8+76 97.24' ;7 Elev = 101.,00- (.01 X 376) =
9+00 97.00,  Elev = 101.00- (.01 x 400) =
10+00 PI 96,00 Elev = 101.00= (,C1 x 500) =

T ?',‘
3. Discussion of Vertical Curves

iisted below,

100,20
100,40
100,47

100,60

100,80
101.00C
100,00
799,00
98,00
97 . 24
- 97,00
96,00

a, A vertical curve ccnnects two different grades,

l drmee -

.

b. This curve is in the form of a parabola,

Co. All distances are measured on a horizontal plane.

All elevations are measured on a vertical plane,

d. The vertical curve is éiWays symmetriééi about the

PI, Thus, one-half the length iies on

the PI.

36
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Je

Ce

In general, to calculate a vertical curve, first

calculate the tangent elevations from P.C. to P.T.

Then the vertical offsets from the tangent to the

curve are calculated. These offsets may be plus (+)

or minus (-) depending on whether the curve is a sag

Oor rise curve.

These offsets md& be calculated several different

ways, - We will discuss only one.

Calculation of Llevations on"a Vertical Curve

de

be

_Symbols used:

]

¢ =-0ffset from PI to Vertical Curve

-

<

d

‘Algebraic difference in .grades

Length of Curve in Stations

Distance in Stations from PC or PT to any poznt
on tangent

Offset from tangent to Vefgxcal Curve at any point

Formula used:

1.
2a

e

‘id

AL/8

e (X/3L)2

Sample Problem

~
- 4

Ce

We will use grades and elevations given in the ¢xample on

page 36. -

Sta 0*00 to 5+00 + 0.,20% grace
Sta 5+00 to 10+00 - 1.00% grade
PI @ Sta 5+00 Elev = 101,00 '

-

Calculate an 800! vertical curves °

» 1

Sznce the PI is at Station 5+00 and the curve must

lie symmetrically about the PI, then the P. C.

must be at Station 1+00 and the P.T. must be at

Station 9+00,
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A = +0,20% =(-1,00%)= 1,20
L = 8 Stations
e = AL/R = 1,20(8)/8 = 1.20
d = e (X/3L)2.
Stao 1*00 d = Oooo (PoCn)
2100 d = 1.2 ($)2 = 0,075 use 0,08
2+34 d = 1.2 (1,3444)2 = 0,139 use 0,13
3+00 d = 1,2 (2/4)2 = 0,30
4+00 d = 1/2 (3/4)2 = 0,675 use 0.68
5+00 d =e =1,20
to calculate remainder of curve x must be measured from PT
6100 d = 1.2 (3/4)2 = same as 4+00
7+00 d = 1,2 (2/4)2 = same as 3+00
8+00 d =1.2 (1/4)2 = same as 2+00
8+76 d = 1.2 (0.24/4)2 = 0,004 use 0,00
Sta, . Tan., Grade & d Profile Grade
0+00 100.00 . 100,00
1400 PC 100,20 0,00 100.20
200  100.40 -0,08 100,32
2+34 100,47 =013 100.34
- 3+00 " "100,60 =030 100.30
4+00 100080 ] "0:.68 } ) 100912
- 5+00 PI 101,00 e=1,20(=) 99,80
6+00 100,00 . =0,68 99,32
7400 99,00, " =0,30 98,70
8+00 98,00, «-0,08 97.92
- 8+76 097,24 -0,00 - 97.24
9+00 PT 97000 : ) 0.00 97009
10+00 - 96,00, e - 96.00
|
{ ( L .
{ |
3 'z L ‘ 2 L B
b MRS
; P.I. ’ ‘
|
PC, wrs
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gxample - Effect of temperature on tape

A line measured with a steel tape under s tension of

10 1bs was found to be 624.53 ft long when the mean tempera-
ture was 75° R, If the tape under a tension of 10 1bs at
68°F was 100 ft long, compute the correct length of the

measured lines

C = 0.0000065 x 624,53(759-68%°) = 0,028 ft.

. Corrected distance = 624.53 4 0,03 = 624,56 ft.
i;é., the correction is ggggg to the measured distance
because the tape is too long.

§,
iﬁ;the same line had been measured at 55°F, what would
the corrected length be?
C.= 0.0000065 x 624,53(680-550) = 0,053 ft.
corrected distance = 624,53 = 0.05 = 624.48 ft,

i.e., the correction is subtracted from the measured

distance because the tape is too short.



Differential Level Homework Problem

Fill in the missing readings and elevations. Show the
checking procedure,

Sta, B.S.(*) H.I. F.S.(=) Elev. |
B.M.#1 2.50 100,00
T Po#l 101.21 4,54 97.96
T . P.#2 4,00 . 99.56 5.65
B.M.#2 3.17




siope Stake Homework Problem

Given: Grade elevation 99.25'(28°% roadbed)

H.I,. _ = 100,78°*
Rod reading Lt. = 2.9
Rod reading Rt. = 75
Rod reading = 4.6
Side Slope ‘ 1,521

Required: Location of slope stakes from £ and ground
elevation at slope stakes.

¢

|

|
M%



Vertical Curve Homework Problem

Calculate and complete notes for an 800 ft vertical curve.

PI at Station 4 + 00 with elevation of 100,00 ft., Station O 4 00

to 4 *+ 00 = -2% grade; Station 4 + 00 to 8 + 00 =+3% grade,

Station

Tang.Grade

Profile Grade

0+ 00

1+ 00

2 + 00

+ 00

+ 00

109,00

+ 00

00

+ 00

0!Il o]w W
+

+ 00
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HIGHWAY DESIGN 1

ral Remarks
procedures for handling Highway Congtruction
The State Highway Department is primarily an organization
for the construction and maintenance of highways, Undexr the
pepartment®s policy for the construction of proposed highway -
projects, there isAopen to the Engineer two methods for pbtaine
ing the desired results. These methods ares
(1) The enactment of a contract between the Highway
Department and a responéible Conﬁracte@\on the
Vbasig of a low bid submitted.
(2) .The performance of .the desired constructien byl
. '5$tat; Maintenence forces on a day labor basis.

Both methods produce safisfactoryjresults; however, there is

a definite time snd place where each should be used. As the ;

type of plans and specifications to be prepared are dependent
on théM@egpod of cons;ruction employed, it is necessaxy that
this be given first consideration. The prime factor for cone
siderafioncin'aetermining the meth@d of construction to be
emploiéd i? eﬁonomy ahd other factors having a direct beaging’
theredﬁ;  Eor1a project of any siaeg the aforeﬁenéioned factors
would'défigiteiy indicate the enactment of a Contract., Con-
strucftoncpy céntractwmethods requires the preparation-of .

a Propéfly correlated set of plang and specifications in order

to definitgly.outiine what the Coﬁtrmctor will be expected to
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B.

3
do, and also insure that the State will receive a properly

constructed project. Where construction is to be performed

by State forces, it is only necessary in the initial stage

.to submit design data forms and project estimates.

Elementary Purpose of Construction Plans

A set of plans from which a highway project is to be
constructed can best be defined as an arrangement of parts in
accordance with a fixed design. This can be further simplie-
fied to mean a definite method of procedure wherein it is
stated or shown where the project is tdO be constructed and
what is to be done. It can be said that basically fhe ele-

mentary purpose of comstruction plans is to portray the project

and provide sufficient detail for the Bngineer-Contractor

team to consttpgt the jobe Items and drawings should be

shown in enougygdetail to avoid causing a possible increase

in bid prices because of an uncertainty as to reduired con-
struction procedures. The plans‘glso finally provide a record

of the project as built. It can be seen that simplification

can be effecteg by including in the plans only that which has
direct bearing‘pn the construction of }he project. Specifications
in conjunciion With plans particularizg Oor name iﬁ detail how

the prpgpsedhwyfk is to be done‘and, ig some cases outline'

when the desirfé construction may be pgrformed.‘ Certainly,

-

a properly cogrelated set of plans and and specifications

1

are conducive to the construction of a good project.
: ¥
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Highway plans ave usually prepared in a standard form,

and the methods employed in graphically presenting the design

are generally the same, Each integrel part of a set of plans

will be discussed recognizing that every project presents

various problems as to what should be shown on the plans as

well as how it should be shown.

11, plan Elements

A, Title Sheet

i. Function

The title sheet and the first sheet of a set of plans

afe a rather important part of the plans. It is repro-

Guced by photostating or blueprinting more times than

any other single plan sheet. The function of the title

page is several fold: .
& » .

(1)

(2)
(3)

(4>

(5>
(6)

It locates the project by limits and layout
sKetch to an indicated scale.

It shows the type of work proposed.

It defines the job with regard to project,
control, and highway numbers.

it summarizes project lengths of roadway, and
bridges. |

It shows detours. i q

It indicates code number and location of detour,

barricade, and warning signse.
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(7) 1t denotes equations and exceptions.
(8) 1t presents an index of plan sheets.
(9) It signifies railroad delivery points.,
(10) It locates base material source on the layout
map.
(11) It shows a key to conventional signs used.
(12) It provides signature and date blocks for
approving State and Federal officials.
Thisvinformation when placed on the sheet in proper form
fulfills all requirements for an adequately informative

title sheet. ,Please refer to the sample t1t1e sheets;

Plate 1 is used pr1mar11y on the more heavily traveled

highways of tbe State and is 22 x 3" outside dimensions in
size, and Plgge 2 is used primarily on the Farm to Market
Road highway §9etem and is half scaleg in size.
Desighation of the Projeef , ;

In orderxfe identify the project, a block of index
data is show?jih the upper right hand corner of the title
sheet. The hgaeing in this sheet index clearly shows the
data which islte be placed therein. nThe project number,

whether Federgljprojecf:or State project, is shown in this

index and shown at other points on the title sheet. The

prefix designations and numbers used in identifying a
project number will not be explained at this time due

to the various items to consider in establishing a project
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number. The numbers appearing uﬁdex the heading of State
control number consist of three numbers. The first two
numbers are part of the system of numbesing highways and
is known as the controlesection numbering system, The
primary(purpose,of the control system is to provide a
pract;cal and permanent system of recording which will
permit ease of reference &nd positive identification of
all information and statistical data pertaining to the
maintenance and construction of State highwayse In the
controi-section numbéring system, the term ‘‘control
numbe:;Ameans a definite section of highway with welle
defingq geographic termini, Gontrol numbers vary in ,
length, usually from 50 to 10Q miles. The term “contzrol
section" means a definite portion of a control number with
well-dﬁfined geégraphic termigi within the established
limits of a control number, Control sections also vary

in length, usﬁaiiy from 10 to,15 miles. One or more control
sectigous comprise a control number. The last number of
this grzoup of three numbers 1s the job number. The term

""job qumber" means the number assigned to each contract

i
or dayqlabor job under a;contﬁol sectiono As maqy job
numbesﬁ may be assigned under a control section as there
are digferent or successive c%ntracts or day labor jobs
entered’into. The hxghway nu%ber completes the 1n£orw

mation ghown in this block of index data, The prefix to
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the highway number may be any of the followingé $eree
for an Interstate highway, "U.S." for a U.S. numbered
highway, "S'' for a State highway, "P" for a park road,
"L for a loop, "SP'" for a spur, and "F.M." for a farm
to market road. | |

The title section of the title sheet is presented
in the upper center portion of the sheet. This section
includes not only such information as the repetition of
the project number, county, highway number, and centrol
section numbers, but also shows the limits of the project,
the type of work proposed, and a summarization of the net
length of project. The net length oft a project is the
end to end distance of the project, excluding lengths of
exceptions and taking into account all equations. The
lengths are shown in feet and miles., Exceptions are
those areas in which no work is done,and equations are
those points on the highway’centerliQe in which it is
necessary to make one highway station number equal to
another highwqy sfation nﬁmber; a stqtion being equal to
100 feet in distance. A list of equﬁgions and exceptions
is generallyﬁgound in the lower center portion of the
title sheet. Referring to Plat¢ lhaqd the lower center
portion of the sheet, a list ofiequaqions will be found.
The first equation listed begins with Station 1096+23.80.
This_meanq_1!996,§tations"of IOQ—foof length each, plus
23.80 feet. ?his‘equatiqg;meanglthag at oné point ol the

v 1

44



3,

4,

highway centerline, Station 1096+23.80 is equal

to Station 1096+25.13, The terms back and forward

help determine whether or not the equaticn s & plus e
quation or a minus eqﬁationo In this particular case,
this is a minus equation because the forward siation is

larger than the back station. The loss in distance is

~equal to the difference in the stationms and this loss is

considered in determining the length of the project. The
total length of project on Plate L is separated into xoad-
way and bridge length, This is true oz all jobs., A
structure is classified as a bridge if the clear span length
is greated than 20 feeto
Index of Sheets

‘The upper left hand corner of the title sheet contains
an index of plan sh@etsiand offers a ready means of locating
the needed part of the ﬁlanso‘ This index*isfﬁirly well
standardized, and it can be expected to follow the same
order Qf plan presentation on all Jobs
Other Data | |

Recent practice has eliminsted the showing of raile.
road gelivery points and specification notes. Generally,
the railroads serving an area are shown on the iaybutg and
this will be sufficient to allow the elimination of the

data called railroad deiiveryfpointsa
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5. Layout
The plan layout of the title sheet shows the project
in such a manner that tﬁe location and 1limits can be easily
identified. This is the moSf important fﬁnction of this
sheet. The information shown in the layout should be
fairly obvious, considering the explanation given to
other portions of this éheet; however,'the item of barrie-
cades and warning sighs requires somé attention, The layout
generally shows the location and types of barricades and
warning signs for the protection of traffic attempting to
use the road;and for all traffic on intersecting highways,
county roadsgy ;or city streets. The details, location and
use are covered on standard plan sheets, and in the case
~of Plateé'lhgnd 2 are identified in the sheet index by the
prefix BW, The coding of the barricades and warning signs
shown on the sample sheets is covered by the standard
drawing, Prqjects having some types of construction and
complicated detour problems may require the additiomal
coverage of warning signs in other parts of the plans
or coverage in a special provision, which will be
discussed later.’
B. Typical Cross Sections
1. Punction ;
The typipal crossﬂsection sheetﬁisva graphic
vrepresentatioq‘of a project as it will appear upon completion
of the work ié‘that contract. It is intendéd to describe

what is to be done, and where it is to be done, yet
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sufficiently general to cover the various topographical
conditions encounteréd. Generally, the roadbed portion
of the section, that is, the width from crown line to
crown line, will be cohstant throughout the project, and
the other poxtions of the sections merely illustirate the
methods employed in preserving this constant trayel waYo
Three sample sheets are presented for iliustrative
purposes. Plate 3 might be used for a farm to market type
road, Plate 4 shows the typical sections for a freeway,
" and Plgte 5 illustrates what might be called a multi-
purposg sectiona
Classification and Types

Tﬁe typical sections are divided into three general
classifications; rural, urban, and special, which, in turn,
have four general types; regular, cut, fill, and side hill.
Generally, the number of typical sections are reduced to
a minimume One method of accomplishing the reduction of
typical sections to a minimum is illustrated by Plate 5
where fp; a given classifipatioQ, rural under this .condition,
all the possible types of section have been combined into
one section. This idea prévides a methed whexeby all ine-
dispensaple‘information can be ?ortrayedo Duplica?ion and
unessential details are eliminated, and the best possible
arrangeﬁent of data is provided so that the project can.

pProceed from inception to completion in an efficient manner.
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3.

Governing Slopes

For each section, the governing slopes are shown
as the maximum slope and the usual slope. The slope of the
roadbed portion of the section is fixed except for specie
fied variations. This is illustfated by Plate 3., Typical
secfibn number 2.§hows‘the‘siope of the roadbed portion
to be 5/16 of an inch per foot., This means that the line
referred to falls 5/16 of an inch for each one foot of
horizontal distance. -The slopes leading away from the road-
bed portion of the section are called the side slopes,
The value of .the slope shown as 6:1 is a ratio and is
stated as 6 to 1, This means that the line referred to
falls one fogt for each six feet of horizontal distance.
All of the slopes shown on these sections represent the
various conditions encountered in designing the detailed
cross sections. These typical sections are simplified to
show at a glance the type of improvement and the genexal
method of its execution. The detailed cross sections
referred to are not part of the plans and will be discussed
later. Another slope that i§‘shown on this sheet might be
mentioned at this time. This slope is shown under section
number one and is adjacent to the right of way line and
slopes from the back‘ﬁf the ditch. This slope is called

the back sloggo
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5.

Profile Elevation
The profile grade line or profile elevation as it
is called on the sample sheets, is related to the grade

line shown on the plan piofile sheetz. This is also true

- for ditch elevations and grades unless the ditches age

constucted at a constant depth below the profile grade

line. The profile grade line is usually the finished

‘elevation of all work included in the contract and located

at the center of the road as shown on Plate 5. There are

. exception§ to this condition as shown on Plate 4 under

section number 1. The profile elevatiom is located ét the-
inside edge of the pavement pf the freeway main. lanes, and
in'the case of the left frontage road where the base is not
placed in the present contract,-ihe profile eievatiqnv
rep;esenté the top of the fugure base. In all cases,Mcare
must be taken to insure coordim tion between the typical
sections}and the grade liﬁefﬁhowﬁ on the plan profile sheetss

Alspg the detail cross‘sécticns which are not part of the

}plap§ must be properly;éoorqinated in the same respect.

Bros@on Control

., The sample typical section sheets do not show any type

of erosion control. The longitudinal ilimits and other

information necessary to provide erosion control are included

elseyhere in the plans and specifications.
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6. Surfacing

Most plans provide for what is known as a turnkey
jobs This type of project not only provides for the grading
and structures, but also includes the surfacing. The term,
surfacing, used at this point of the discussion, includes
all of the layers of material placed above the dirt sube
grade, Refefring to Plate 3, section number 2, shows the
dirt subgrade of the roadbed fixed b‘y‘dimensions9 slope
and its relation to profile elevation. Section number 3
shows the proposed surfacing. Proposed is a S5-inch layer
of Type'B:Roadbed Treatment to be piaced to the dimensions
shown and;esuimated that approximately 77 cubic yards per
station will,bé required to obtain the section indicated,
and the top layer of material is a foundation course es-
timated as shown with asphalt placed thereon, |

Cs General Notes and Specification Data
l., Punction. p

The Geneyal Notes and Specification Data Sheet of
plans is prov%ded for the purpose of ghowing all essential
informat?pn rgguired to supplement the specifications and
to show general project notes. This gheet is reduced in
parties, suchjys material suppliers, ¢an obtain material
data along wi;? the prqposai° Tge perosal is part of the
contractvénd %s a for& which inc;udes9 among other ihings,
thé offé;“of tﬁe bidd;; giving priées,for pérforming the

work described in the plans and specif;ications°
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2.

Specification Data

Plate 6 has been completely filled out in order to
demonstrate maximum usage of the specification data form,
In the upper portion there is a block provided for grading
and soil constant requirements for various bid items in
the contract., The item number and type of material is
shown for each coverage, All other items on this chart
are either required by the spécifications to be shown on

the plans, or they are provided as a supplement to the

specifications, The items included in this charxt will be
explained in another iectugpeo y~ o
Other Data' ” r ) 3

, - The table in thé:center of.the sheet shows fhe com=
paction requirements\when the density control:méthd of
cqmpaction'is used. .The ordinary and densityicdhtxol
methods of compactioh‘havenbeen included in the émpankment
item and most of the flexible base items. The pay item,
dq:bid item if you like, which is the phrase §pé¢ified in
the payment section of the specification under whigh paye
ment will be made, will geperally reflect the type of
compaction method required, The two cases shown in the
example require that all cpurses of the base material
shall be compacted to the density indicated. =

;q The table in the 1owef leftjhand corner is for

describing the surface treatment to be used. This block of

data is self-explanatory.
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The block of data in the lower iighﬁ hand corner
includes information pertaining to am erosion control
item., This specification item includes many types, and
it is necesgsaty to indicate the specific requirements on
the plans, as in this case. | |

4. General Notes and Supplemental Data

- The other half of the general notes and specification
data sheet is shown by Plate 7. Presented on this sheet
are the general notes covering theﬁtype and quality of

~work which will be‘requiredrdf the Contractor, including
requirements -not cévered specifically by the stanqatd or
special apecifications. The notes are usually numerous,
and in order to provide a ready reference, each notéropens_
with a reference to the affected spécification item number,

The specification data sheet-for farm to market road
plans includes the same information presented in the.last;
two examples, except that the arrangement is differenmt.

De Estimate and Quantity.

1, Puactiom o |
| The Bstimate and Quantity Sheet is the result of all
the plannipg.aﬁd work on all other plan sheets. This means
. that thiswsheet is the last one prepared in its final forms
He:e'thé qpantities of the varioué classifications are
combined @P'Obtain~a'total estimaté of the quantities

from which the estimated cost of the project may be made.
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The information showa is not only necessary to the
Contractor, buti helps insure the incl?si@ﬁ of 211 dtems
of work in the contract. These reasons and others
require the incilusion of this sheet in a set of plans.
Contents

Summaries usually appearing on these sheets, include
the following: culvexts, bridges, séﬁuctureg to b2 pe=
moved, basis of estimate, and last but mnot least, the
estimate summazy. A grading summary is often showng
however, since this is a direct duplication of infocrmation
shown on the plan profile .sheets, this summary may not be
included in the plans, Plate 8 shows a common struciure
summaxy sheet, while Plate 9 shows a partly completed.
estima%a summazy suaeet.
Summary of Culverts

Referring to Plate 8 and the summary of culverts
shown on this sheet, it can be seen that this table includes
many columns. The columns preceding the specification
item columns include information that is usually obtained
from the list of information shown on the plan profile ;.
sheets. . The speciiication item columns usually appea#
from left to zight in the ordexr of specification item
numbers. This order of quantity presentatidn“provides
not only an orderly sequence, but will insure the inclusion
of all items and aids in avoiding errors., Most quantities
in this table are tabulated from information'shownkelseﬁ

tem of uaciassified strugtural

B

n the plans. The

e

whezre
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excavation, however, requires & computation utilizing
information from various scurces and careful consideration
of the construction specification which specifies the mgﬁhpds
and limits of measurement.
Summary of Bridges

The summary of bridges shown on the same sheet in
this case as the summary of culverts, is accumulated in
the same manner as the summary of culverts, except that
very often there are two quantities to compute instead
of one. The additional item to cohpute, riprap, involves
a difficult computation, because the material is placed
upon a suxface known as. a ﬂeader bank, which is an area
of irregular shape. Errors are possible in riprap. quan-
tities, not only because of the difficulty in computing,
but often the plans are not clear if the riprap drains
placed at'the ends of curb and guttexr approaches to
bridges are included in the quantities shown in the table.
Estimate Summary

Plate.? shows a typical estimate summary, even though
the sheet is only partly complete.. This summary is the
result of a%l the planning anq worg on all other plan;sheegs°

This summary is also the basic document or ''root’ from

‘which all letting and contract information will be. taken.

The items are shown in numerical ogdé:, with the item

descriptioﬁ}corresponding exactly to the terminology used
under "Payment" in the specifications. They are abbrgvi=-
ated to correspond to the Index anq.code'to specification
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bid items which is a supplement to the standard speciw-
fication book. Separation of guantities indicated on this .
sheet are urban from rural, xoadwsy from bridges, and
other possible separations are participating from non-
participating, and one project from ancther, where more
than one project is included ip the contract, The table
is completed by showing the unit of measurement and the
total of quantities., The decimal places usually involved
in the showing of quantities is zs follows: Clearing
and Grubbing - to nearest 1/100 (0.01)} acre, Excavation =
only to mnearest yard, Road Grader Werk - {0 nearest 1/10@
(0.01) station, Concrete = to the nearest 1/100 (0,01)
cubic, yards, etc.
Z. Plan and Profile
1. Function
Probably the most important sheets of a set of plans
are the plan profile sheets. While they alone are not,
sufficient for the construction of a project;, the informe
'ationjghown thereon has a diregt effect on the rate a |
project moves during construct:ion° These sheets gepicg
the vertical and horizontal planes along a centexrline on
which the project is to be constfucteda Such features

as are considered necessary to establish a clear outline

of the work to be done are set up along these two planes.
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3s.

Contents

The three components of the plan profile sheets arxe
plan view, profile and quantity summary. This could be
further subdiﬁided into information shown lengthwise and
crosswise of the sheet on both thé plan and profile views.
The information shown should be only that which has a
direct bearing on the proposed construction. In order to
discuss the information shown on plan profile sheets,
Plate 10 is introduced as an example from a freeway set of
plans and Platé 11 is from a farm to market road project.
Plan View . |

The plan.view is commonly drawn jto a scale of 1" = 100°%;
however, in the case of a congested area, where many factors
will influence the construction as op Plate 10, the use,
of a 1" = 50°* scale is justifieds The plan view shows
existing improvements such as houses,, fences, utilities,,
roads, railroads, bridges, and culverts, and proposed
features such as centerline of roadway with the stationipg
marked thereon, the bearing of tangents, the P.C. and P.T,
of horizontal curves with the curve data; right of way
lines and wi?ths, channel easements gogether with typica}l
sections of the proposed channel, br%dges and culverts, ,
north arrow, .gnd equations and gxcep%ionsa ‘There are
several thing; to consider in apalyz%ng the plan view of

the sample sheets. The legend for showing features is the
\ .
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same as that shown on the title sheet, except for the
additional coverage required for these sheets. Ome
practice that is followed extensively is that of showgng
existing features to be removed, such as roads and drainag
structures, with a dashed line. Very often, the plan view
will not}show all the existing improvements since the only
improvements that should be shown are those that will have
to be dealt with by the Contractor. - A feature shown on
Plate 11 that has considerable merit is the system for
identifying and differentiating between the various cate=
gories of small structuress It will be noted that .each
structure is identified. by.a number and letter “A* .or ‘B,
the.latter denoting whether it is a proposed new structure
or,a structure to be removed. This system eliminates the
need of duplicating the desgcription of each structure on
thfiplan profile sheet and.is a time saver. This systen
is carried into the suymmary sheets of the estimate and
quantity section of the plans. | - ;

Pr?file View . } 1 .
. The profile view is s%own to the same horizontal scale
as the plan view. The vertical scales for use with the
aforement1oned horizontal %cales are 1% = lO'vor 1" = 5%,
The profile view shows in ﬁddltlon to the exxsting ground

11ne, such proposed features as grade llnes of the roadway

and ditches, the per qent gradient and vertical curve data
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when required, location and description of structures,
exceptidns and equations, and ground and grade =levations,
The legend for showing features in the profile is usually
not shown in a set of pians, buf common practice is repree
sented by the two sample sheets. The centerline profile
shown on this sheet should be coordinated with that shown
on both the typical sections and the detailed cross sections
in order to obtain the proper relationship. -Othér lectures

will help explain some of the features in the profile view.

Quantity;Summary 1

‘The,quantity summary is restricted to that area of:
the sheet between the plan and the profile views. :The :
usual items which are summarized on these sheets are:

(1), Clearing and Grubbing, with 1imits indicated -

 left or right and usuglly shown by sheet total

¢ only. i y - '

(2) Earthwork, showngby the cubic yard for each
;; station, or ;

(3?‘ Road Grader Work, with scraper work shown by

2 }
_ ~ sheet totals. ’ ’ ; ‘
(4){ Channel Excavation by, the cubic yard, usually,
" shown at one point on the sheet with a reference
to another sheet that shows the excavatipn by

the cubic yard for each station,
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(5) Overhaul, shown by sheet totals..
(6) Miscellaneous items, such as right of way markers
shown by sheet.fotalso

On some occasions, the plan profile sheets include
nofes pertaining to unusual features. These notes and a
1ist of the bench marks are commonly grouped in the lower
right hand area of the sheet,

?, Haul Diagrams
1. Purpose
| Haul diagrams are used for the purpose of either
determining haul on earthwork or haul on flexible base
material,
2. Filekible Base

At the present time, in{ this area, haul reguired on
flexible base material securgd from local pits is seldom .
paid for directly. The haul, when measured for payment, is
paid . for by the Additional Quarter Mile Haul which is
measuremént for hauling material into each quarter mile
beyond the first quarter milp, based on the shortest,
practical haul route betweem the center of mass;of the
desigpated or approved material source or sources and
point of delivery on the ran, This computation in a
condensed form is the multiplication of the average haul
to the pit times the amount:of material from the pit. The
haul is usually shown by a table instead of diagram form

and commonly placed on the summary sheets. The table may
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include the pit designation, stationm of entry, station

1imits to be used, dead hauwi, average haul, quantity of

base material required, additiomal quarter mile haul

and clearing and grubbing.
3, Earthwork

The haul on earthwork is paid for under the item of

overhaul, This quantity is determined from what is kmown
as the mass curve, These curves and the calculations may
be shown on individual pian sheets or may be shown on the
plan profile sheets in a location between the profile
view and the summary of quantities. -Plate 12 illustrates
mass curves shown in the last mentioned position in the
plans, The mass curve is essentially a series of iines
connecting the accumulated total difference between
excavation and embankment at the various stations. It is
plotted from a base lime which may be taken at zero excs-~
vation at any point on the highway length, The haul is
the work done in moving excavated material to place it
in the embankment., The overhaul is computed by multi-
plying the number of cubic yards of material hauled times
the haul length (minus the free haul lengfn of 6007%),
converted to quartér milez and/or fractions thereof,
G.'"Bridge Layduts

1, ‘Punction

The function of the bridge layout is to supplement and

correlate the bridge details in & manner that can be under-
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stood by both the Engineer and the Contractor. The layout
includes sufficient descriptive information to permit the
rcady determination of the design standards being used
for the various substructure and superstructure units making
up the completed bridge. In order to discuss the essential
features of a bridge layout, please refer to Plate 13,
Plan View

Bridge layouts are provided for all structures over
20" in length; however, only in rare cases are they shown
for multiple box culverts of bridge classification. The
iines shown in the plan view of the layout that wiggle:
around,and have figures shown through the line, are known
as contour lines. These lines represent the form of the
ground surface and pass through points of equal elevation,
Contour . lines will be found onjithe layout only in .cases
where the ground surface is irregular,.

TW? views of the progosed(structure are necessary .on
the iayqut to convey the major;part of the informatiom,
The plan view shows the structyre as seen from above. Jhe
scale gommonly used is 1" ;= 10% and 1" = 20° in'bofﬁ'hdfi-{“
zontallénd vertical direc?ions% Superimposed on the copntour
lines,k%f any, Oor on any gxistipg topography that mightj
be shown is the plan view of t@e proposed structure. This
Picturg‘of the structure ghows}the centerliﬂe‘andjgenegal
Outling¢of the‘structure,_curbﬁlines, wingwalls;Tapproach

to the bridge features, and the outl’'ne and general makeupo
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of the substructure. The superstructure of & bridge could
be defined as that part of the structure covered on the
span details while the substructure is that part covered on
the bent details., The generxral outiine of the superstructure
is dimensioned, giving the clear roadway or curb to curb
width, curb or sidewalk width, and the over-all width of
the structure, The locatién and type of all expansion
joints such as armored joints or finger joints, are shown
in the plan. The header banks at each end of the bridge
are shown along with the vaiues of the slopes and the
type of slope protection., Only a portion of the substructure
is shown in a plan view, Considerable miscellaneouns ine
formation also appears on this view of the structure.
Notable among these items is the test hole for s0il ex=
ploration,
Profile View

The profile view is located in the bottom one-half
of the sheet and may show either a longitudinzl section of
the structure along the cenieriine of the roadway or a
side elevation of the bridge. EDither view shows the outline
of the superstructure, including a pprtion of the railing,
top of curb, profile grade ilire, maip load-carxying girders,
trusses, slabs, or other such members, the outline of the
substructure, inciuding bent caps, piers, abutments, coiumns,

footings, shafts and piling, and firally the profile view
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shows the appr.acu embankment with_,the abutment wings,
header banks, and slopebprotectiono

A large part of the information on the layout sheet
is given on the profile view of the structure. The over=
all length of the bridge is given as well as the length
and type of each structural unit making up the bridge,
‘he type of railing is shown and dimensions are given to
designate the rail post spacing on both sides of the bridge.
The fixed or expansion condition at each end of each span
is noted by the abbreviations "F* and "E', The top of cap
of bridge seat elevations are given at the center of each
bearing. The.elevations may be given with a prefix .fT/C"
to indicate top of cap. If,the top of cap is level or has
a constant slope, the elevation of the top of cap or piér’
is labeled on the profile view, In the case of sloping
caps, this elevation is thezcenterlihe of the cap unless
indicated otherwise. There are conditions where il.. top
of cap elevation may be giv§n in a table on the sheet ac
in ;pe sample sheét or may Qe given on the substructure’
detgil sheets, Considgrable miscellaneous information also
appears on this view of the‘structureo As mentmoned
under the discussion of the plan view, notable .among these
mlscellaneous items 1s the ¥est hole boring showxng the
var}pus materials encountergd and the results of the

pentrometer tests.
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Other Plan Sheets

1.

20

General Comments
The remaining sheets of a set of plans are identified

and included 3in the sheet index of the title sheet under

- various headings. Some sheevs are grouped under one heading

and others are listed separcieiy. The sheets commonly

. listed that have not been discuzsed in this lecture ares

map of drainage arxeas, roadway details, and structural
details and standards. Sometimes a sheet called cross
sections at culvert sites is inciuded in a set of plans,
but usually these sheets are omitted, because the information
concerning culverts zhown on the plan profile sheets is
sufficient for the Engineer and the Contractor. The map
of drainage areas is iﬁvaluable in designihg the structures
required for drainage, but once the structure has been
designed, this information wusually has little or no bearing
on how the strucfures are constructed and can be omitted
from the plans.
Roadway Details

The roadway detail sheets incliude concrete pavement
details, intersection layouts, and other roadway features
for which special details are necessary, The concrete
pavemeﬁt details are standarcized for this area but are

modified at frequent intervals,



3.

4.

Structural Details and Standards

The structural details and standazrds include those

-sheets that are prepared for the project aud those sheets

that are used State-wide and modified for the project,
The details and standazds prepared for State-wide use axe
identified by symbols and can be easgily identified in the
shéet index of the sample title sheet. Referring back
to the title sheet sample, Plate 1, sheet numbexr 95, is a
standard detail for concrete headwalls for pipe culverts
and ,is identified by -the symbol CH=11l4
Example , o , ’ t

,» These remaining sheets of a set of plans are numerous..
Begause of the lack of time, only one of these sheets will
be discussed. This sheet will serve as an introduction to
stxyctural details and standards. Plate 14 is a standard
dgggil of a multiple hox culvert, recognized by the, symbol
ME 5-1. This structure is a reinforced concrete box cul-
vert, and the quantities to’be.obtained from this detail
are concrete by the ggbic %ard and reinforcing steel by
th?]poundo

N The standarxd cowers the details for a multiple box
culyert with 57 bpansg heights from 2° to 5' and 2 to 6
spaqsa The sheet title in the lower right hang corner
shows the span and hexght uoverage and the height of fill
allgwable over the culvertm ‘The span and height of the

ba:;els on this detail are.designated by the letters "S"
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and “H” in the various section views and in the table that
summarizes the total quantities.

The plan and elevation views shown in the lower
half of the sheet show the shape of the structure,
the arrangement of the .reinforcing steel, aad indicates
the size of the structure and the location of the reine
forcement. The dimension to the reinforcing steel is to
the center of the bar, .

The bending diagrams for bent bars are shown to the
ieft of the section views on this detail sheet. Bars
that are not dncluded in these diagrams are straight bars,
Bars are designated by letter, except when bars are idene
tical other than a variable dimension:ior location, In this
case, they are designated by a letter with a numerical sube-
script. Bars which have a similar bending pattefn are
detailed only once and are dimensioned by two or more
dimensions to distinguish between bars.

All bars are summarxized in the bill of reinforcing
steel shown in the uppér half‘of,this sheet, All of these
tables are for 44" clear width of structure, See the
dimension in the plan view for definition of clear width.
Bach tYpe of bar is liétedg and the number, size, spacing,
length and weight is designated. The lengths in this table
are to the nearest inch and the weight to the nearest
pound, To compute the weight, use bar length in feet to

two decimals and unit bar weight to three decimals. The

66



unit var weight can be obtained from the specifications
or other sources in pounds per feet of length.
The quantities are summarized in & table in the right
hand centexr of the sheet. This table, as noted, covers
the quantities for a 44° clear width structure. Quantities
for st;uctures of any clear width, may be obtained by the
use of the per linear foot figures that are given for con-
crete and steel. In determining the steel for structures
greater than 44' clear width, cohsideration shail be given
for lapping all bars greater than standard length, the
amount of lap to bé in accoxdon  with the Cp (lracit «o .,
Constructionf§pecificatioﬁs
A+ Compositien
Spebifications should be clear, concise, complete and
'definite,,:They constitute ap engineering document iptended
td'convex'to the Contractor the ideas of the Engineer, concerning
the manngr and requirements of doing the work. The grawipgs'
and‘speciﬁications should supplement and duplicate egch ojher,

and togetﬁer form complete instructions and descriptions for

. [
q 14

the work.
| In géneral, specifications cénsist of s

L leauses relating to the general conditions unde:

 which the work must be ?one. ,

(2) ‘frovisions fixing the k%nd of the different materials

and methods for determiping such,



B,

(3) Instructions for doing the various parts of the work
to the required standards.

(4) Statements as to the standards reguired,

(5) Inspection, rejection, and repiacement of defeciive

or unsatisfactory parts.

(6) Method of measurement of the various parts for payment,:

The modern and flexible specifications in use today make

it possible to provide a set of plans that fit the standard

specifications. The necessity for a large number of special
provisions and speciaIHSpecificafions has) been .reduced to a
minimum, Ty

General Remarks and Application 1 r

The Standard; Specifications for Road. and Bridge Construction

bound in booklet'form with a brown cover and part of the highway

contract, can perhaps best be discussed by considering each item
or groups of items in their oxrder of, appearance in the *little
brown book.' ‘- ; i

ko Standard'Spepéfications | ]

The itegﬁ from 1 to 9lgive!the:genera1 requirements
and covenan?§forwxhe contract. These items have been in
use for manxlyears without too yuch Fhange° It is
commended tha; these items be requirgd reading for all
personnel, F?me changes of the previous specifications
are involveqpﬁand‘it is recommended fhat those who might
be fami}iarLﬂith tpe previpgs specif&catiqns and also

those unfami;iar with either edition of the specifications
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read the portion of the digest amd summary pertaining to
these item changes in Administrative Circular No. 16-=61,
The group of items in the 100 series covers the handling
of earthwork. All of these items provide for some method
of payment except the item of embankment, which is known
as a reference item. A reference item is part of the
contract and is included in the contract proposal omn the
list of specifications as shown on Plate 15, Here in the
list of standard specifications, ltem 132, Bmbankment, is
shown in parenthesis after Item 110, Roadway Excavation.
Item 132 is referred to in Item 110 a3 a reference to
cover embankment provisions. ALl reference items are not
non-pay items. An example of this is the providing
of Item 102, Clearing and Grubbing, in pérenthesis aftex
Item 110, -Item 102, itself, does provide for pay, but
on \this pzoject, this item will not be paid for, but is
required in the contract to cover the provisions for
clearing and grubbing necessary in performing the items
oﬂgwork under Items 110 and 132,

Item 110, Roadway Excavation, is used on most jobs

oh

that require grading. Thi§ item gives three ¢lassifications
of material, The material classification in this area
except fog;rare occasions én the past, is_;ommon road
egqgvatiqqﬁ This item proyides for payment that may

reflect either the ordinary or the density comtrol metheds
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of compaction of embankmeni. These methods of compaction
are covered in the embankment specification. If the ]
ordinary method of compaction is required, then the items
of sprinkling and roiling required for compaction will be
paid for. When the density control method of compaction
is specified,’fequired sprinkling and rolling performed
will not be paid for directly. These two methods of
compaétion are.not only inciuded in the embankment item,
but age also inciudéd’in'most of the flexible base items.

;'An'item in?the.loﬁ series of specifications that is
used af fimeég‘gnd will prgvide savings.in time and
‘1abor, is Item iszg Road Grader Work. Gare must be
exefcised, however, not to misuse this jtem. Reference
is made to the opening claﬁse in this specification for
when t0 use, Tp%s.item may be supplemegted by the items
of scrapei wp;kcand/br bulldozer work upder the conditions
recommended on fhe specifigatibnso .

The 20@ seyies of specificatiqns‘cgve;s subbase and
base coursese Tpe‘compac%ipn items ofm§olling are included
in this group of ,itens and are numerous and flexible as
can be seen by ggferring_%o this group qf specifications.
?he opening clayge of eaéh specifigatiop describes where
usede - , - )

"lﬁ
. The flexib}; base 1tems in thxs grQup pr0V1de for
the use of a matgrxai as speczfxed in the specifications,
oxr shown in theﬂplans on the specification ddta sheet.

As stated in the: discussion of embankment most of these
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items inciude the 6rdihaf§ éﬂa'&édsity'méthdaé of com-
paction. Measurements under these items are’ by ‘the cubic
yard or the ton. Included ih'this'grouﬁkbf Eﬁé&if}cations
are items which ‘provide féf the stabilization with lime,
cement, or asphalt of either ‘existing or new basé material.
Several of these stabilization items' are frequently used
in this area. | -
"Tﬁéigroup'of'itemsuih the 300 series includes surface
courses or ﬁévemedf."Théée’spédificafibns‘éilSW?Eﬁe
‘ Engineer a Widé'éeiédfidﬁ“of%débhai¥§~éhd”aggiegéiés
'”and'&iffereﬁf‘graaéﬁ‘Bfﬂmd%éfialotifhefSurfééé'f%éétment
specifiications give a wide choice. The asphéi%ﬁémbave-
" ments of fers two classes of material with one of the types,
Class AA, offéering a'high grade surface féQuiriﬁg}éensity
control and’ another offering a4 high grade materials
'"The' first ‘three items of this group of 'spedifications

aré'nonépaf'i%emé and are fef@fféd to in the renaining
aSphd;;“spédificatioﬁé a§f£eférenCe‘iféms; Hb&éyér, the
‘reference to these‘itémsxis‘ngt‘ieétriéféd'fb the asphalt
’“specifécatibns alone since sﬁ;h“items“as ifem‘164;‘8e§ding,
'”'fbfﬂe;psion contrbi,“aﬁdllféhVZSO;'SbiixAéphalthdSe,_
refer}?b”theifirSt item of th%s'éroub\of:thréeo | :
";ﬁem'310;”Prihe Céét;ﬁis;uséd aiong:wi{h'fhé;Surgace
‘treatgﬁnt*aha'asphaltic'pa§ém%ht‘ifemé,Texéépf”in;fho§e
cases}where'priming of'the‘béée'is3ﬁ6t'ﬁeéégéagﬁ;yéucq

as whgn the base is a rigid-type pavement.
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The Items, Surface Treatment and Agphaltic Pavement,
provide for most of the asphalt wearing surfaces contracted
in this area. The surface treatment items most commonly
used in this area are Items 320 and 322. The items of
asphaltic pavement proposed in this area are Items 330,
340 and 350. The surface treatment items provide a pence
trating type of wearing surfacg and wilil be found in use
on farm to market roads, frontage roads on freeways,
shoulders, etc. The asphaltic pdvement is used on higher=
type roads other than those Just mentioned, ‘These gpecie
fications, &s well, as many others,'requi:e-sqme close:

s
fa

reading.

The 400 serdes of specifications is the structure
items, By referring to the tablie of contents in the
standard specification book, it can be observed that the
structure items, in general, are grouped an a particular
manner., ,This,manngr of grouping, in order of appearance,
includes foundation items, concrete and kindred items,
steel and kindred items, sewer and kindred items, and
timber and miscellaneous items. This gfqup of items
includes many non-pay reference items. Also, many of the
pay items in this group are used as reference items as
d%scussed undexr the loo;sgries of specifigations. The
use of items as reference items prevails more in this

s:oupwthanpin,anygothegvgroup of.stqndarq specificationa,
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A reference to Piate 15 and the reference items shown
after Item 421 will :eveal‘this condition,

The first.two items of this group cover all structural
excavation with the second item of this pair covering,
in addition, a special backfill of sewers, which is .
stabilized with cemente The first item, Structural
quévation, provides that material be classified or .
nog classified. In this area, excavation is commonly
not classified and bid as unclassified structural exca=-
vation. By referring to Item 400, Structural Bxcavation,
- and, to Plate 15, another condition is found for introducing
a reference item., Item 409 includes a reference to Item 132,
bpt: since Item 132 is. already in the contractLas aareference
tq Item 110, then this item, Item 132, need net be. 1n=‘w
cluded again under any bid;item. The opportunity js taken
at. .this time to explain the remaining and fingl cogdition
of, introduc1ng a refe;ence item on the list of govqrning
spec1f1cations and spec1a1 provxsions° Plate 15 1§c1udes
the Item 430 Extending Cogcrete Structures. Item 430
refers to Item 421, but si?ce Item 421 is in the l}st of
speC1f1cat10ns as a standafd item, then this §peci€1cat1on
need not be included as a reference item, |

Use of some of the structure items is illustrated by
reference to Plate 15, The 400 series of speqificqfions
shown on this sheet 1s use? as the pay items ﬁor the cone

structlon of new culverts and the extension of old. culverts.,

73

%



The reference items nceeded on this project are those
indicated on fhis sheet.

The last sefies of the standard‘specificétions is
the 500 series and is grouped under the heading of inci-
dental construction. Item 500 of this group is set up
to cover weighihg and weighing devices. This is & refer-
ence item set up to cover many of the standérd speéifi-
cations. Soﬁe projects include quite a few of the 500
items; however, the example, Plate 15, illustrates the
use of only two. The Item 580 shownion this plate is a
noﬁ-pay itgm that is common to most projects. |

.2.. Sﬁécial Prqﬁisions'and Special Spehiéﬂ%ations

Even theugh the standard speéi%&catioms of today are
most moderﬁ and flexible,‘therefis akways the spegial
case Qhere {qlié necessary to utilize a special provisiom
to modify a §tandard §pecifﬁcation. Or perhaps, it
becomes necesgary to prepare a complete special specificgtion
because none Qf the standard specifigations cover the
construction proposed. ”Specifiqations should be modified
in cases wherq an economical adqantaqé to the State will
be realized.if new deve;opmentsimakggparts of the speci=
fication 6bsqgete, or if flaws qevelq?‘in the standards.

C. Indexing and Coding - |
In the previous discussion of the estimate summary,,

it was mentioned that the item descriptions corresponded
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.exactly to the pay item as set out under payment in the
spec1ficatzons. It was also stated that they were
abbreviated to correspond to the Index and code to
specification bid 1tems° This system of indexing and
coding specification bid items is merely @ method of deing
several procésses autoﬁatically."This system is explaimed
in a most fﬁorough manner in the 1961 Specifications
Supplement No. 1, which came as an attachment to
Administrative Circulaf No. 29~61, This material is

recommended for reading g
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CONSTRUCTION INSPECTION I

,undamentals of Inspection

Ae

puties of Inspector and Relationship-with Contractor

Item 1.7 of the Standard Specifications defines sn inspector
as the authorized representative of the Bangineer, assigmed to
supervise and inspéct any or all parts of the work and the ma-
terials to be used therein, Items 5 and 6 of the Standard
Specifications also include definite references to inspection
requirements and the relationshipﬂbetween the Inspector and the
Contractor. Item 5, Control of the Work, has a paragraph (Item 5,.8)
in which the authority and duties of the inspectors is outliined in
detail, , It is this paragraph that establishes the legal position
of the Inspector within the contract between the State and the
Contractor, Inspectors are authorized to inspect all work done
and all materials furnished. Sucg inspection may extend to all
or to any part of the work and to, the preparation ox manufacture
of the materials to be used., The. primary duty of the Inspectex
is to observe the work snd tp report to the Bngineer as tg the

progress of the work and the'mannﬁr in which it is being dene,

_He must also report whenever it appears that the work being done

‘or the matfriais being used fail to comply with the requirements

of the plans oxr specifications ang to point out to the Coptractor

any such faiiure° Item 5.8 furthgf points out that this ;nspection

'does not xglieve the Contractor of the responsibil;ty ox oblie

gation to fulflll all terms and requirements. Naturally,

;n the norpal course of events, there wiil be differences of
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opinion between the Inspecior and the fontxaciow rrgasding the
compliance to the specifications. In this event, sccording
to our Item 5.8, the Inspector has the authority to?

(1) Reject the materials

(2) -Suspehd work until the ‘question can be refcrred to

and decided by the Engineer

This item very definitely places a limitntion on the
authority of an inspector. The Inspector shall not have the
authority ¢o revoke, enlarge, or release any specification or
pian gequirement, nor shall he have authnfi%y 10 approve or
accept any portion of the work. He will, in no casze, sct.as
foreman or perform other duties for the Comiractor nor intere
fere with the management of the work.

Item & of the Standard Specifications, entitied Control
of Materials, sets ouf the authority of the Inspecior insofsr
as ingpection of sources of supply andi:quality of materials.
Paragraph 6.3 @f this Specification, eptitlied Flant Inspection,
sets out the copditions under which theg BEpgineer msy undertake
the inspecfionﬂgf materials at the sougce. It is understood
however, that RQ obligation is assumed to inspect materials
in that mannezfgn any project. . - ?

The condi;%ons under which plant inspection will be undere
taken»atg as}eg?merated in Item 6.3, ‘

Item 6.¢,agﬂ%iﬁled'3torage of Materials, sets out the
authority of the Inspector in rquife'ghat all materials
shall be so stqred as to insure the prgservatioh of their
qualjity and figgess for the work.’ All stored materials

shall be 8o located as to facilitate pgbmpt inspection.
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Construction inspection inSurés that proper methods and
materials are being incbrporated into the work, Highway con-
. struction is a very_costly'ifém“in the tax dollar. Therefore,

the taxpayeruis‘eﬁtifled to receive a dollar'’s value for a
dollar spent: The conStrUction'inspectors and engiheers must
see to this. An inspecior may be charged with thé'inspection
' of materials or work that costs many thousands of dollars.
This is a large responsibility and each inspector must always
conduct himself and be aware of all the requirements of both

plans "and specifications and to insure that the money spent

by the.taxpayers will receive fair value.
'Propenginspeétion requiress:
(1) Knowledge of plan and specification requifements.
ISZ)"individuél initiative and judgment. B
(3) Hard worka |
It doe§,not7require:
(1) Hard-boiled attitudese
(2)" Constant bickering. ' ‘
(3)  Overbearing manner. | ,
Tpe QaSt’majority of:contractots are honest businessmen
striving to make a profit in their line of work. Most of them
are re?fonabieVand all respect a skillful, compet@ﬁt,ﬁﬁnd
hard-WQrking State inépector; %There w111 be'diségréements
between a contractor and an inSpecfdr;'sihce no two people
think glike;"lfhis should not; in any way, interfere With the

fair and impartial inspection of job construction.
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B.

Governing Contract Requirements

The Plans, Specifications, Special Provisions, and
Supplemental Agreements are essential parts of the Con:ixac
and a requirement accuriing. incawreis as binding as tnoug.

occurring in all. In cases of disagreement, figured dimen-

sions shall pgovern over scaled dimensions, plans shall govern

over aspecifications, and special provisions shall govern over
both specifications and plans. The plans will sghow, 5> auvail,
the work to be accomplished under the contract. All notes,

and supplemehtai drawings, etcs., are considered as pari ¢ <¢he
plans. The Proposal will contain a 1list of the applicable
standard speciiications as well as the special provisions and
special specificationso It is these sources; the plans, :pecis.
provisions, and standard and special specifications, that con-
tain the requirements 6f a particular project.

In ordex io properly inspect a project, il is necessary
that each inspector be familisr with all the requirements cone-
tained in the various souxces. It is suggested that, prior
to beginning operations, a gencral review of the Project Re=-
quirements and Plans be held. 7This rc¢view should familiarize
each inspector with the overall job rejuirements as well as the
particular items for which each will be responsible. In adde |
ition, each ingpector should be equipped with the particular
inspective tools he will need, such as 6°' rule, tape, Strun,,
record book, etc. Prior review and preparation such as this,
will enable the imspection cfew to begin a project well-versed

and preparede.
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Grading Operations

Ae Clearing and Grubbing

1.

2.

Specification Requirements
Item 102, Page 35, of the Standard Specifications

contains the requirements for the operation bfvciearing

and grubbihgc Paragraph 102.2, Construction Methods

on Page 35, gives the detailed requirements. Inspectors

should be thoroughly familiar and well-grounded in these

réﬁuirements°

Coﬁstruction Methods

3. gThis item consists of the removal and éisgosal of trees,
-$tumps, brush, roots, wvegetation, logs, rubbish and

other objectional maﬁfer;from the right of way. - The
iqi(.sposal'of the material‘is subject to the approval
éf'the Highway Department. Many times the Contractor
-has gotten permission from the adjacent landowners to
'u?ile the brush andbtree§9.etc,, on his land outside
.yhe right of way., The Highway Department must approve
this method of disposal; permission of the landowner
‘is not .enough. The normal method of disposal is by
burning all combustible material and hauling other
‘thggialato authorized dump grounds., Inspectors are §
cautioned to confer with the Contractor's representative
regarding the disposal of material in orxder that the
necessary prior approval may be ol:tained.

!

- 80



b.

Ca

d.

Item 102 specifies certain construction methods for
the operation of clearing and grubbing. In general,
the entire right of way shall be cleared except for
such trees and/or brush specifically designated by

the Engineer to be left im ﬁlaceo Items left in place
are to be trimmed as directed and exposed cuts painted
with an approved asphaltic material.

In areas that are required for roadway, channel or

structural excavation, all stumps, roots, etc., shall

be removed to a deﬁth of at ieast two feet beiow the
level of excavation, It is obviously impossible to
remove all roots prior to beginning excavation; however,
the roots can be picked out of the excavation material
by hand after it is dumped in its proper place. In-
spectors are cautioned to see that sufficient *'root
pickers' are furnished by the Contractor to remove the
roots and other material that were not removed at the
excavation site. This is a continuation of the Item
of>C1earing and Grubbing and is definitely required.

On areas Eequired for embankment construction, all
stumps, roots, etc., are to be removed to a depth of

at least two feet below the existing ground. Here again,
it is impossible to remove all roots that iie below the
ground without the use of hand iabor. After all trees,
stumps, etc., have veen remocved, and the area is cleared

except for roots, etc., below the ground, ail stump
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holes, etc., should be backfilled and tamped and the
ground restored. Item 132, Embankment, then requires
the fill or embankment area to be scarified or plowed.
During this operation, the Contractor should furnish
sufficient “root pickeis" to remove all roots and
and debris exposed by thé plowing. In some cases,
where an embankment is at least three feet high, the
Specifications provide for leaving stumps, etc. This
has to be noted on the plans and is, in fact, rarely
done.
3. Inspector's Checklist ,
| The following checklist can be used as a reminder .
guide in the inspection of Clearing and Grubbing. -
a. Congpicuous flagging of all trees, etc., that are to
be saved. This flagging should be visible on all sides.
b. Digscuss disposal methods agd plans with Contractor’s
representative prior to beginning operations. . Repqrt
plans to the Resident Engineer for his approval.
C. Watch fire hazards during burning operations.
d. Ch%ER to see all stump holﬁs,'etc., are backfilled to
avoid ponding water. _ ) ;
€. Chggk to see sufficieat '"rqot pickers" are available
duﬁ%ng subsequent operatiofs to complete the Item of
C1§§ring and Grubbing, =
f. Chﬁgk trees left in place %o see all damage and pruPing

cuts have been properly repaired.

[
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4.

Measurements and Records to Keep

a. Clearing and grubbing is normally paid for by the
acre. The areas to be cleared are measured in advance
and shown on the plans as acreage to be paid for as
clearing and grubbing. This pay quantity is fixed
‘regardless of the actual land cleared unless addi-
tional work is required on additional right of way
or material source areas,

be Areas other than those set forth above will not be
measured for pafment regardless of where work was
done.

€. .Since the -pay measurement is fixed on this item,
the calculations are the same as shown on. the p}ans.
Any additional areas on additional right of way or
materia£ sources should be accurately measured and
recorded for support of the.payment. Any instructions

or comments regarding this Item should be recorded

in the job diary.

B. Channel Bxcavation

1.

Specification Requirements

Item 120, Page 41, of the Standard Sgecifications contains
the requiremencts for Channel Excavation. Item 120 refers
to Item 132, FEmbankment, which contains the requirements
for Embankmeut Construction. Pgragraph 120.2, Classi-
fication, discusses the various classifications of the |
different types of material to be removed. Parégfaph 120.3,
Construction Methods, Page 42, gives the detailed require-

ments.
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construction Methods

e

b.

‘Ce

If no classification is indicated in the description
of the Item, it is "Unclassified Channel Excavation,"
and the‘Contractor shail be paid the bid price for

all types of material excavidted. In the event that
the Itgm.is “Classified" the description shall be
either '"Rock Channel Excavationé or "Common Channel
Excavation' or both. "Rock Channel Excavation,' of
course, is meant for areas wheré rock'will”be encount=-
ered, and "'Common Channel chavation" is for all other
maferiauaencountered. Since there is very little,

if any, trock formation in District 12, Channel Ex~:
cavation is normally classified as 'Common Channel
Excavatdon.' "

Unsuitaple excavation, in excess of that needed for
constrwction,: shall be known ast"Waste' and shall |
become the property of the Contractor to be disposed
of by hip outside the limits of the right of way.

This designation of material as, "Waste'" is a decision

~to be made by the Engineer, and is not normally a de-

cisionlgo be made by the Inspector.
The proposed channel excavatiog must be controlled as
far asﬂglignmenfnand grade is concerned. This control
usually consists of various types of stakes:

(}) Alignment stakes

(2) Elevation hubs

(3) Final blue tops
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The alignment stakes are usually set on the
easement right of way line in the case of channel
excavation outside the right of way. In order to
set these stakes, the center line or an offgset to
the center line, must be staked on the ground. This
line should be staked at even 100 ft. stations with
the intersection of the center line as station 0+00.
After this iine is set, offset.sta#es set at right
angles should be placed on the easement line at each
even stqtidn or oftener if needed. The distance from
these stakes to the centerline of the channel can be
marked on the stake as well as the channel station
number. Measurements can be made from the stakes
as the work progresses, thus insuring that the
excavation proceeds along the proper alignment.

The stakes for controlling the grade or elevation
of the channel excavation are called elevation hubs,
They are usually set flush to the ground at the base
of the alignment stakess The elevation of this hub
is measured by running a series of levels and the
differénce in the actual elevation of a particular
hub and the probqsed flow iline elevation pf the
channel at that station is the amount of cut necessary.,
Thus, by making vertical measurements by means of a
level and level rod, the grade of the excavation is

controlled,
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Another type of stake is set, as the excavation progresses,
to control the side slopes of the channel. The plans

will normally designate the side slopes of the channel as
being 2:1, 3:1, etc., A sfake; called slope stake, must be
set to indicate where the natural ground line intersects
the side slope line. Normally, these points may be scaled
directly from the plotted cross section sheets, or in

some cases, directly from the Typical Section Sheet,
However, in the case of deep cuts, where considered quane
tities are involved, this is not sufficient. Since the
quantjities involved may wary considerably with the side
slope,, it follows then that--the side slope of cuts must

be -followed closely.l Since it is humanly impossible to
cut a slope exactly by eye, it is necessary to set slope
Stake§,by use of leveling.. The technical .aspects of how
to calculate the position of slope stakes will be covered

in the Surveying portion of the training program.
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Figure 1 shows a cross section of a proposed channel and
the various types of control stakes., There are various
methods of staking for construction control, but all

basically are the same,
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4.

Inspector®s Checklist

‘a. Check to see that all channel specificatiqn‘requirements

are being met.,

b. Check to see if channel excavation is being hauled
properly (covered in more detail in Highway Desiéélll)

ce Check to see if sufficiehtvroot pickersbére avaii;ble
in the area to which the channel excavation is being
hauled., |

de Check to see if the chanhel cut is being cut in sﬁéh

a,manner so as to drain in the event of rain.

_e. Check to sée that the chégnel excavation is being}hade

in such a manner that the natural drainage of any

st{reams or waterways,is nqt blocked. ) )

f. Check to see that the fiow line of the channel ex=

cgyation is being properly cut. T

g Ig at all possible, take'phe final cross sectional

\ measurements for the computation of channel excavation
qyantities prior to the releasing of channel drainage
wqéer~in the newly cut channei.

Measuﬁ%ments ahd Recordsttowbi kept ,

All chanmel excavation will be measured in its original

hposit%%n and the volume qompuged in cubic yardsfbyrtheT

metho%;of average end argas. This means that original
3 N ’

“cross sections.must be takenn%:ior to the work, and then

b

.final .cross sections takqn~in'the same place after the.

o

"work is completed. The volume of excavation removed is
o

“then %qmputed.;'The actual explanation of this type oﬂ,

88
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computation will be covered in Highway Design 11. The
Cross sectiqns, origigal and final, will fu;m the necessary
records to support the final quantity of excavation. How-
ever, it is necessary that proper records be kept of all
field work such as staking calcuiations, hub elevations,
etc. The Surveying courses will cover the correct form
for these notes,
Cs Roadway Excavation and Embankment
1., Specification Requirements

Item 110, Page 38, of the Standard Specifications
contains the requirements foxr Roadway Bxcavation. Item 110
also refers tp Item 132, Embankment, Page 46, of the
Standard Speﬁifications which contains the requirements
concerning Embankment Constructione

The construction of a roadway se¢tion normally
involves two ¢perations: |

(1) cCut,,

(2)- Fil} or embankment
It is standagq'procedure that only the cut or excavation
is paid for ?pd the fill is notipaidwfor, This is because
the fill is g?nstructed from thF matgrial removed from
the cuts,,soﬂéf both were paid forg %he result would be
duplicafe‘chgfgesc Therefore9 ;he only payvifem is |
Item 110, Ro??way Excavation, but in;order to insure
that the fillﬁ are properly constructed, Item 110 refers

to Item 132,

B
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b

Ce

Construction Methods

Roadway Excavation, like Channel Excavation, is either
"Classified" or "Unclassified” an¢ if "Classified,"

it should be "Rock Road Excavétﬂem" nrl?Common Road
Excavation.'” As pointed out previously,; nearly all
"Classified Road Excavation” in District 12 is

“Cqmmon Road Excavation,"

Unsuitable excavation inﬂexcess of that needed for
construction shall be known as "Waste” and shall become
the property of the Contractor to be disposed of by
him outside the 1imits of the right of way. This

designation of material as waste is a decision tog

't¢ be made by the Engineer and is not normally a .

decision to be made by the Imspector.

It is essential that the Construction operations be

- oonducted in such a manner that the roadbed and ditches

ate properly drained at all times. It¢§s also egggntial
that éross drainage be maintained. This is a very im-
Qﬁrtant réquirement and one frequently overlpoked, by
q%th the Contractor and the Inspector. Before work

%é finished for the dayglthe entire preject must'pé

i$ condition to properly.ﬁéndle the ruﬁéff that hﬁy'
qgeur from rains during the night. In order to insure

nis condition, Contractors should be encoura ed to
F g

‘ in their excavation operations at the low points
%g

ﬁn the drainage sy@tem and work towarxd the hzgh p01ntso
Iq this way, the drainage will be kept open without

uqusual amounts of extra woxk on the parxt of the Contractorq
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All embankments and roadway areas should aiso be
prepared for rains at the end of the work for the day,
If it is necessary to leave windrows of materials
o&ernight9 tﬁey shouldvbe in the centexr of thc roadway
where the zunoff can be sheé to both sides. If they
are left on the sides, they will form a dam wnaich wiil
pond water, thuz softening the subgrade. All szheepg-
foot roller indentions should be wiped cut and sealed
with a blade and pnuematic roliers to avoid having
water soak deep into the roadway material and re-
sulting in an extremely lengthy drying-out process.
The proposed roadway excavation must be controlled as
far as aligﬁment and éféde is concerned, This contyrol
usually consists of various types of stakes as pointed
out previously.

(1) Alignment stekes

(2) Elevation hubs

(3) Final blue tops

After the clearﬁng and grubbing operations have
been completed on a sectiom of road, it will usually
be necessaxy to reset the centerline stakes., Blevation
hubs and alignment or guird stakes should be set,
opposite =ach station and on each right of way line,
or well outside the gradimg limits. The elevation
of the top of each hub shouid be determined to the

nearest hundredth of a foot,
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4,

The alignment of the work is controlled by

making horizontal measurcments from the alignment stakes

‘to various points on the roadway cross section and

vertical measurements to those same points from the

elevation hubs, There age many Jifferent viewpoints

on exactly which is the best way fo stake a projects

however, this particular item will be covered in detail

in a more advanced course,

Inspector®s Checkiist

‘as Check to see

that all EBmbankment Specification Require-

ments are being met before excavation startso.

be Check to see

ce GCheck to see

'd.  Gheck to see

e. Gheck to see
are closed a
tgntrances if

Measurements and
fAll roadway

posifion and the

if excavation is being hauled properly.

(Covered in more detail .in Highway Design II)

if sufficient "root pickers” are available.
if cut is made so it will drain. 3 ;
that any pgivate drives along cut agea“
minimum cfiﬁimeovﬁﬁgang@alternate
necessaryo

Records tb;pe Kept

excavation will be measured in its originmal

volume conputed in cubic yards by the

meth?d of average end areas. This requires that original

cross sections must be taker prior to the work and then-
4 » - !

fina% cross sections taken in the same place after the work

is c%mpletedo The volume of excavation'removed is then

'compqted. The actuwal exploration of this type of computation
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will be covered in Highway Design iI. These cross seétion‘]
original and final, form the record to support the excavgta.
quantities.
D. Compaction of Barthwork
1. Specification Requirements
Item 132, Embankment, Page 46, Item 204, Sprinkling,
Page 79, and Items 211 through 216, Rolling, Pages 82
through 92, are the governing Standard Specifications insoe
far as the compaction of earth work is concerneds
Item,132, Bmbankment, provides for the methods and
requirements of embankment gonstruction. Paragraph 132,2,
Construction Methods, on Page 46, gives the detailed re=-
quirements. Bach Inspector must be familiar with these .
requiremgnts. |
Page 48, Paragraph 1322, provides for two methods
of compaction: 1 ¢
(1) , Ordinary compaction.
(2) , Density control. . ,
The provisions for each type of qompaction are given, in
detail oéaPages 48, 49, and 50, : i
Iteqizo4, Sprinkling, érovides for thé methods and
equipmenﬁ;requirements of sprinkling. Paragraph 204,3,
Construcgﬂon Methods, on Page 80, gives the detailed

requirementse
1
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The various items concerning rolling ail contain
detailed‘réquirements; however, we will take up only the
two most commonly used. Item 211, Rolling (Tamping),

Page 82, provides for fhé methods and equipment ﬁequire-

ments for °*'sheepsfoot rolling.” Paragraph 211.2, Equip-

ment;‘Page'Sz9 gives the detailed requirements for accepte
able equipment. Paragraph 211.3, Construction Methods,

Page 83° gives the@reqﬁirements>forttheyproper pperation

of the equipment. Item 213, Roiling (Pauematic Tire),

Page 85, provides the methods and equipment requirements

for ‘izubber tired' rollers. Paragraph 213.2, Equipment,

Page 86, gives the requirements for acceptable equipment..

Paragpaph 213.3, Construction Methods, Page 87, gives the

requirements for proper operation of the equipment.

Consgruction Methods , .

a. In the preparation gof the fill area, prior to be=,
ginning embankment construction, it is advisable to
have small amounts of material in oxder to f3il gullies,
washes; or other low places. The material should be

rplled into place; using ?rdinary compaction methods.
i ! : -

kot

In this way, the fill area will be made into a unjiform
g;fne on which to start the proposed fill. ?he fact
that this beginning plang‘is or is not horizental is of

no importance,



b. The outline of the proposed fill should be marked
with slope stakes (See Figure 2). This area then
should be sprinkled and rolled and the embankment
material hauled in. The material is usually placed
by scrapers which dump and sbread the material evenly.
This method usually entails dumping an eight to ten
foot width of material through the fill area in
strips or "lands ‘" The strips are laid side by side

until the entire layer is in place.

3 40’ j
j. "TPROPOSED
FILL |
SLOPE PR NS T SLOPE
STAKE - T T T T T3y T STAKE
AT 60" .
7 - [ J" i , S~
\“\Q " — :' /7-‘?7? W ) -

FIG 2
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ce. Roliing should not begin until the fill material is
a uniform mass w1th a constant moisture content,
Norm;lly9 material removed from an excavation will have
a natural unnform noisture content., While it may be
uniform, it may be too wet or too dry. In this case,
the material must elther be dried evenly or sprinkied
evenly unt11 the Inspector judges the moisture content
is propero It is normally advisable to start rollnng
slightly on the wet side if the weather is hot and
dfy. If;'on the othermhand9 the'wéather is ~damp and
dfoudy,.extreme cautioh should be exercised in applying
water. The tendency should be on the dry side rather
'$han the ;et side. .  ‘g '

d. In adding water to a "1ift" or layer, it is extremely
1mportant that the water truck drivers position their.
yehicles in such a manner that they neither overlap
Qg'leave a gap betwgen“sqcce551ve‘passes of the watefr
truck. Pailure to do this will result in a wet or dry
streak throughout the fi@l which will present a non=-
?giform moisture co@téﬁt% Inspectors should be very
§?rict in. the matte; oﬁagosition during application.
;y this connectiongiit_ig'usualiy advisable to apply

ter with several 11ght~app11cat10ns rather than one
W

QQavy application. This is particularly true during damp,

g%oudy-weathero In$pectqrs should des1gnate the speed
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of the trucks during application. In applying the
water, the water truck should make its.first pass on
one extreme side and proceed with successive passes
across the fill, rather than géing down one side and
back up the other until the iast pass is made in the
middle. ﬁsually the gap left in the middle will not
fit the spray bars, thus giving an overlap or gap.
When the sheepsfoot roliers begin to roll in a 1ift,
it is usually very importan%vto have a blade working
the fill;at all times., The;material is loose and has
a tendehpy to "ball up“ﬂés the rellex passeso Aftér
a short gime, the material begins to compact and then
it is uspally not necessary, to have a blade operation
at all times. Many timés in heavy claig the maferial
will *"pick up" to such an extent that even a blade
cannot opfrate properly. Many times, a loaded rubber=
tired scraper can make several passes over the material
and tighten it up to where the blade and roller can.
operate‘wgth more effidiencyo‘ 1 | :.,
The meta}éroiler drums shou}d‘beichecked to see that
they are loaded properly pricr tp using. Water ié’i‘_
normally used as ballast, but in some cases, sand has
been used. This check may be made by requiring the,
Contractéf to open the smai} port on the side of the

drum, -A-quick daily check may bF made by tapping on
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i.

the side of the roller and determining by sound if the
roller. is propérlyuioadé&. Since it .is easier to haul

an unloaded roller, they will usually be empty when

" ‘hauled #n on ajob.
" Care should be taken that the rollers do not always

- turn in the same spptqufyjs turning action of the

tractor and roller unit has a gouging’effect and if

done repeatedly in the.§ame'p1ace will leave a hole or

- soft sputoe
. Asg pointed‘out in the segtion on Roadway Exgavatipon,
. care should be takeﬁ that the roadway is in ,proper
. gpndition for rainé duriﬁg‘the night;M Thisqprepération

,'wpulé normally consist of blading a11 sheepsfoot rollexr

m@rksshut ‘and sealipg the surface with a pneumatic roller¢

A;l other drainage ‘precaut1ons mentioned pzev1ously )

‘.§pouldvalso be takep,

Under the Ordinary Compaction requirements, rolling
spalluébhtinue until there is no evidence of further
§ompact10n, This is a matter of Judgment on the‘part

of the Inspector° The amount of rolliing requ1red to

‘Fpach th1s point will dePgnd a great deal on having

;ﬁhe proper moistur%”tontfht present in the material

Jduring~tolling. T%e”ae§§iled relationship between

moisture content and coqpaction will be taken

At . S

Yp in-the laboratory course.
) » . 3
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Under Density Control requirements, rolling shall
continue until the specified density and moisture
content are reachedo This point is determined by
testing and additional fill material cannot be
placed until the test is made and approved.

Slope stakes should be set as grequently as required

to maintain a proper slope.

Inspector’s Checklist

8o

b.

Co

de

€o

fo

Be

Check to see if all required equipment is available:

(1) Sufficient rollers of correct type.

(2) Ssufficient water trucks, blades, and hauling
equipment . i

(3) sufficient labox. 2

Check rollers for proper ballast:prior to using.

Check and, measure water trucks. . Issue "strapping ;

ticket" which indicategs capacity of truck. Instruct

truck drivers,

Check to see if blade is p:eseng.to keep material

leveled%i . ’

Check natural moisture content %f material excavated,

Decide wyhat adjustment will be necessary. (Normally

i
done whe% leveling fill area),

Check for sufficient “root pickers" during hauling
; Y i

and dumg%ng phase, . . p

Check to see if dumping area is in moist condition.,

See that it is kept that way until covered.
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Je
ke

Mme

Nes

Check condition of lift before starting rollers.
(depth, position, uniform surface, and moisture
condition).

Check action of rollers when rolling begins. Decid«
what, if any, adjusfment is necessary.

Check speed of rollers.

Check starting and stopping time of rollers. Notify
Contractor’®s représentative of any time "'docked.”
Check action of rollers during rollingﬂphase. Make
necessary adjustments as required.

Check compacted 1lift and begin p;eparations for next
1ift to be hauled in. (Ordinary Compaction or Density.
Control). ‘ L

Be prepared to suspend work at once if Contractor fails

to heed instructions,

Measurements and Records to;be Kept

(Since the Item of Embankment is not a pay item,

therg are no measurements required in this connectign,.

Howeyer, original and final.cross sections are taken in order

to pgoperly balance the fill against the cut. ;

-Haul tickets should be;issued daily by the Inspector

for poth roller time and water. A record, in detai%,

shou}d be kept in a hafd-bagked field book of the various

rollgr times and loads;of water. A record should also

be kept of the number of the tickets issued from the haul

Fk

book? ‘These records therebx support the payme?t fo$ roller

time and water. There are many different formg and ways
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of keeping these records. Confer with the peoject

Lt

Bngineer about his preference,
All official instructions issued to ihe Conizactor
should be recorded in the job diary aund inuitialed by

the Inspector giving the instructions.
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01 DUTIES AND PURPOSE OF HIGHWAY TESTING LABORATORIES

B,f——

A highway materials laboratory techmician performs much
the same duties as those performed in a medical laboratory
or chemical laboratory. - The similarity in duties is based
on the theory that all three laboratories are generally con-

cerned with the study of the properties of “"matter.'* Pox

¢larification, MATTER is defined as anything that occupies

space or has mass, which we measure by weight,

Technlcaans in the above laboxatoraes learn to identify
familiar’ forms of matter by cert;1n characterlstics such
as colorjgodor, taste, hardness,:sxze, shape, etc. These
.' characterjstics, by means of whigh we are able to distinguish -
one fbrqc@f matter from all othegs, are called the properties
of that material. _ - .
Althqugh we have stated that the duties are similar,

the technijcian in the highway materials laboratory studies

only the gggineering properties of construction materimls.

In qxper that he may determlpe these propertles, it .

is necessary that certaln test pqocedures be performed,
utilizingévarious laboratory equipment, The results o1 these
test progedures can then be presented in either of two ways.
One way W%uld be to report the agtual test value in a uni;

of measuggﬁenf required by the Texas Highway Department

Tegt Pro%%dure Manual# (Seg Tab;p 1 for typical units.)i
The secogg way would be to §how the relationship between
several eﬁg1neer1ng propertaes by plottlng test values

as ord;nates and ab51c1ssaev1n graphs. (See Figure 1 for
1 :

example f graph. :102;
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"TABLE X

TYPICAL UNITS OF LABORATORY TEST MEASUREMENTS

Laboratcry Test

1
2

Units of Laboratory Test Measuremeni
Used in Calcgulating Test Result

Water Content

Percenit (%)

Grain Size

Percent (%)
Retained

==z

The weight cf material before and after
oven drying is measured in grams o<
pounds.

The weight of material retained on
successively smaller sieves is
measured in grams Or povadSe.

of an equal volume of
water

~-materiak~toe the wedight--}-

| - Compaction Pounds per -~ The weight of material compacted in a
Cubic mold of known volume is measured in
Foot " grams or pounds. The volume is
' computed in cubic feet,
Strength Pounds per A maximum load carried by a specimen
Square having a known cross sectional area
Inch is measured by a testipng machine in
pounds. The cross section area is
computed in square inches,
Specific Ratio of the weight The weight of a sample of aggregate in
Gravity of a given volume of a prepared condition is measured in

-grams or pounds. The weight of water
displaced by this volume of aggregate
is weighed in grams or poundse.




At this time, it should be pointed out that the
measurements oytained from these test procedures are not
themselves final results, but should be considered anly
as information that may be used as an aid in the design,
construction, and maintenance of highways.

Simply stated, then, the purpose of the highway
materials laboratory is to determine how certain "matter'

will behave as an engineering construction material,
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1.02  VARICUS TYPES OF HIGHWAY TESTING LABORATORIES

Az you have 1earﬁeé by now, the Meterials and Tests
Division, File D=9, has the responsibility of overseeing
all sampling and testing and ianterproiation of test results
of construciion materials wsed on our highways. in oxdex

- to accompiish this task as efficlently and economically

as possible, they utilize the fﬁﬁiiitiss of several labore

Iatories to help them in this task., The various types of

. laboratories inciude the followings

a. State Highway iéborafbry

The central testing labozratory of the ¢

Departmeht located at Austin snd under the direct
supervision of the Materials and Test Bngineex,
generally tests and inspects all finished products
from steel fabricating shops, pre-stressed cqpcrefe
plants, rock asphalt plants in various parts of
the State, and crushgd stene and bituminous qixzure
plants in the vicinity of Austin. They also send
inspectors to sample cement, lime, and asphalt
produced in wvarious mills and refinerieg so that
guality tests may be run on these produgts bgfore
%hey are used on State projects. (See %argei
District Map showing lucuticn of severa% of ghese

mills and refineries in the Culf Coast Area.)
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de

Commercial Laboratory
A private testing laboratory under contract

to the Materials and Tests Division samples,

inspects, and tests several finished products such

as treated timber, posts, piling, reinforcing stegl,
steel plate guard fence, structural steel, and
reinforced concrete pipes
District Laboratory

The laboratory located at this District heade
quarters and under the dirxrect supervision of the
Distriot Bngineer performs various sampling and
testing iwork in conjunction with the design,
construgtion, and maintenance f highways in this
District. Most materials;otheg than those checked
by the above two laboratories may be tested in the
Distrig¢t Laboratory prior to use on a project.
In addition, field investigative work involving
local so0il and pavement materials is handled by
this Laporatory and Qill be discussed in Section l¢0S5,
Resident Laboratory ;

The laﬁoratory located in or near a county
residqﬁcy office and under the direct supervision
of ththupervising Residgnt B%gineet, performs |
varioqg sampling, testing, anq design work 6n‘coq~
struct%on projects handled by .this offiqet Specific
testing work pexformed by this Laboratory is_discussedl

more thoroughly in Sectiom 1-Q5,
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Field or Plant Laboratory
A portable laboratory set up near the jobsite
handles sampling and testing work on certain con=

struction materials furnished to a project.
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1-03

SEVERAL TYPES OF HICHWAY CONSTRUCTION MATERIALS

A1l highways require large quantities of construction
materials, particularly soils and aggregates for bases and
pavements, and frequently borrow material for embankment or
for backfill. The presence of local materials within reasonw
able haul distance of a project will have a major effect
on the cost of construction, In ouxr Gulf Coast area, there
are several types of local materials and products that can

be utilized very efficiently and economically on our projects,

}

" Some of these are included in the fecllowing types of highway

construction materials which are on display in the District
Laboratory:

a, Soils
XIt is advantageoﬁs i0 have some means of
identifying scils and classifying them into groups
‘which have distinct engineexipng properties. This
enables engineering personnel in the cffice and field
to speak the same language, thus facilitating ex-
change of information and experiences. For our |

purposes, therefore, we will ¢lassify a sample

as "s50il" or fine-grained when 50% of the particies

are smaller than the eye can seeo.
(1) SILT AND LOAM soils are generally called
“topsoils™ in most greas of this Districte

They have a smooth feel between the fingers
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in contrast to the grittiness of
coarse-grain sand. When dry, they can be
" pulverized easily under finger pressure
in contrast to the resistance offered
by a hard, dry clay. (See large scale
District Map showing location of pre-
dominant siit and loam topsoils in the
District.) This material is generally
more valuable as a farming material than
as a construction material.

(2) CLAY soils gover most of the Gulf Coast
area, - (See large scale District Map
shdwing location of clay soils in the
Districts) (As such, we generally de
not have any trouble identifying them,
particularlj when they shrink and crack
during drying periods. Since we depend
generally on this fype of material for
our embankment and backfill, we try to
minimize the shrinkage and cragking by
covering the clay soil with “topsoil,"
St. Augustiqe grass, or othei type of
1ining material.

be Apggregates )
When 50 per cent of the particles gan Qe seen
~ individually by the naked eye, we may classify the
sample as "aggregate' ox coarse-érainedg (see Figure 2

showing sources of several types of aggregates that
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SOURCES OF AGGREGATES USED ON PROJECTS IN DISTRICT |
 FIG.2 R

|

" are used on projects in this District.)
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(1) SAND aggregates are generally all smaiier
than about 4+ inch size. Sand samples
from our rivers in the Gulf Coast area
usually contain particies of nearly the
same size whereas samﬁies from gsand pits
in fields not adjacent to a river may
contain varying parficie sizes,

(2) RIVER GRAVEL aggregates generally range

in size from about 3 inches down to 3 inch
sizes = ]

(3) PIT GRAVEL aggregates from timberiand
areas are smallé; than river gravel and
are genérally.fopnd mixed with sand, silt,
and clay soils. ;The pit gravel may range
in sizgmfrom about 1=} inch to % inech sizeo

(4) IRON ORE aggregafes removed from pits in
the roiling hill terrain of the north and
west areas of the District are smaller .
than pit gravel and are mix ed with gsandy
soils, The 1roniore is generally spaller
than % incy sxzef

(5) OYSTER SHELL aggfegates dredged from dead

 oyster reefs in our coastal bays containr"
Qaripus amounts'bf fine sand, siltgﬁand ]
clay, It is the general practice tp
wash the sheil as it is produced bysdredging
before mixxng with a sand soile The shell

may range in size from about 2 inches to ‘% inch,

199



Ce

(6) CRUSHED LIMESTONE aggregates secured from
'quarries near Austin may‘be washed clean
or may contain.some fine”size powder
produced duriﬁéicrgshinémsperatidﬁs; The
limestone is produced in varying sizes
ranging from 1% inches to % inch,
(7)  CRUSHED BLAST FURNACE SLAG aggregates
are produced in a plant near the Sheffield
‘washed or may contain some fine size
powder produced during;crgshing operations,
The slag is produced im varying sizes ranging
from 1 inch to;% inche,
(8)' BURNED CLAY aggregates;are produced in
plants 1ocated in¢Fort Bend County. The
light-weight aggregate;is produced in
varying sizes, genmerally smaller than 1 ipch,
?y definitiongqu plack;fg’dark brown hydrof
carbon material which may be in a semi-solid

form at room temperature but will gradually

~ liquefy when heated.’'' Much wapur asphalt is

produced by the refining of p
kil AR

the Gulf Coast Area. The asphalt may be pro=

duced in several forms, some of which are

included in the following:
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(12 ASPHALT CEMENT, a semi~-solid, is prepared im a particular
dform of consistencyfdr‘degree of hardness and must be
used hot. | ‘ . _

(2) LIQUID ASPHALT is prepared by dissolving asphalt‘cement
in gasolxne or kerosene to render it temporarily fluid
for use. A form of 11qu1d asphalt in which the asphalt
cement is suspended in chemically treated water is kn.wn
as BMULSIPRIED ASPHALT,

d, Portiand Cement v
By definition, "A finely pulverized material copsistdng
principally of certain définife compounds of lime oxn calcdum

‘oxide, silica, alumina, and ferric oxide, all in combined

" form." 'This material is produced by pulverizing and processing

such matg;ials,as,limestone, oyster shell, sand, and gypsun,

e. Asphaltic,Concrete . ; : |
Mixture of various sizes of aggregates coated and cemented
togetﬁerﬁwith asphalt cement. “
Fe Portland Cement Concrete
Mif}ure of various siges of“aggregates’coatedﬂand ce-
rented t?gether with portlapd cegent and water paste.
Pe Other Matgr:lals

(1) Stef} bars, railing, apd stfuctural shapes,

€2) Tim?;r. . b o

(3) Metp} and concrete dga?nage{pipeso

4) 'Chﬁﬂﬂcals_spch as hyd:;ted }ime and curing compound§.

(5) Paint.
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1-04 EBXAMPLES OF WORK PERFORMED IN DISTRICT, RESIDENT AND FIRLD LABS

be

Preparation of Samples for Laboratory Tests

Soil ‘and aggregate sampies brought into the Laboratory

will be composed of solid parxticles of various sizes and

shapes, occurring in every conceivable arrangement.

Where there is a large pe:centage of "aggregate"
present, it is necessary to dry and slake down the o
sample in water to separate the soil coating from the
aggregate. | ’ o

When %he sample contains a small percentage of
aggregateythat can be distinguished readily by the eye,
the sample,may be dried and prepared withoutvthe Slaking
process, 'provided the “hard lumps? are broken”down ﬁy
hand toolg or a suitable mechanicél pulverizer.
Separatiop of Prepared Samples inf{o Different Grain Sizes

‘The gmounts of the various sizes of grains present
in a sample are determingd by sieging a measﬁfed quantity
of materigl through successively'smaller sievés.

(See Figure 3).
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¢, Differentiation of Soil Zonsistency with Varying Amounts

of Water in the Sample

As a very wet, fine-grained soil dries, it passes

progressively through different stages of consistency.

Although the transition between each of the stages is

~ gradual, test conditions have been established arbitrarily

to delineate the water content as a precise point in this

transition shown in Pigure 4.

The liquid limit (LL) water content is determined

at a point when the wet soil just starts to become

y

fluid under the influence of a series of standard shocks,

The plastic 1imit (PL) water content is determined at a

point: when the wet soil ceases to be plastic and becomes

'

L3
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t
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]

)

/
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1

A
1 /// // /
SHRINKAGE . PUASTIC LIMIT (%)

* G<———WATER -CONTENT DECREASING
DIFFERENTIATION OF SOIL CONSISTENCY
o | FIG. 4 o
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€

brittlie when rolled into a small thread toward the

end of the drying process. The soil eventually ieaches
a "solid" state at which no further shrinkage will
occur. The water content at this point.is called

the shrinkage limit (SL). '

As shown in Figure 4, the difference between the
liquid and plastic limits is called the plastic index,
Silt and loam soils have low plastic indexes, while clays
have‘higher indexes.

Determination of |the Density or Unit Weight

The compression of loose soils or aggregates inlQ

a smaller cubic volume by mechanical means is termed

. Y"gompaction." By measuring the weight of the material

and the volume, the “density"'may be computed by dividing
the weight by the:voiume. B? excluding the weight of
the water in the sample, a "dry density" value is
determined. L ; ,

Different pQonrtions of material and watex, when
pressed togethériyill give different dengity values
when plotted. The resulting plots are cyrved lines
showing higher dégsities with increased water content
up to some peak, and then lower dengities with increasing
water content va%qes. (See Figure 1.) ',
DFterminétién ofﬁthe Strength of Materials

y A strength test consists of measuring the loqd 

rgquiréd to cause a sample to break or become pexmahently
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deformed with change in shape or size. Strength tests have
varied test conditions such as rate of loading, temperature
at time of testing, confining pressure, and methogs of curing,
to name a few. Depending on the strength obtainéd,'engineéring
computations'may be made that will furnish the performance charace ’
terestics of the material., The sfrength ofia material is found
by dividing the ultimate load applied,'by the cross-sectional
area of the sample and is usually expressed in pounds per
square inch (p.s.i.);
fo Securing Representative Samples of Materials
Sampling is as important as the laboratory testing;
therefore; the sampler must use precaution to obtain samples
that will show the true nature and condition of the materials
which they represent.
The proper method to use in sampling will depend on the
ﬁlace, the quantity of material, the proposed treatment, and
the tests to be made in the laboratory. (Seé pictures of sevéral
types of sampling operations.)
Immediately after securing the samples, a sample identification
form is completed prior to shipment to the lab. The results
of tests on the sample are meaningless uﬁless th sample is properly

identified.
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1-05 STAGES OF HIGHWAY DEVELOPMENT DURING WHICH VARIOUS LABORATORY

P~ e

WORK 1S PERFORMED.,

a. Planning Stage |
During the initial surveys in the field for a
proposed highway project, the various soil types visible
on the ground surface are noted., The soil types may be
recognized by observing the color and feel of the materials
Several test holes may be made in which samples of each
type of material are selected and tested separately
in the D;strzct or Residency Laboratory for grain
’é1ze and consistency limitse Consideration of these
poil properties with past experiences, using these
' same ﬁaterials wil]l be reflected along with other
' factors iﬁ the congtruction budget proposed during this
stagee
be Design Stage } o .
: " A sufficient number of test holes are made during’
fhig stage to outline the boundary of the soil types
fgnd conditions which deéermine acceptability of [the
796118 for use in the highway. (See Figure 5). ySince
ﬁt may be economical tgnemploy chemical adqixtuges to
freat weaker soils, several laboratory tests, igcluding
Etrength determina}ions;are run in/the Disgrict‘Labora-l
fory to determine the optimum quantity of chemical treate
?ent. Those soils deteimined accepfgble withoh?'chemical

treatment are tested for strength values under loadings

1120



imposed by bridge foundations, bridge embankments,
subgrade, subbase, and base courses. Thesge values ave
used in analyses by Design Engineers to deizgmine
relative thicknesses of highway structures ito adeguately
carry the anticipated traffic. (See Figure & for

illustration of the effects of a wheel load.)

s R Y i AP T £ P L T 3

RS T e QA S Y S TR
- o .‘éw:.f_‘;"?'ﬁﬁ'ﬂ’ﬁ ;‘;@'; =‘&f"“": & % -

o MEDIUM™

PATTERN OF WHEEL LOAD FORCES
| FIG. 6
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Construction Stage

The contractor designates the materials which he
proposes to use on the p_x:oject° After representative
samples of the procéssed materials are taken at the
manufacturing site, certaiﬁ preliminary quality tests
are be:formed, usually‘in th; Austin Laboratory to
determine if the samples contain ingredients not
permitted in the specificatipns.

Job control tests are run in the Residency Labor=

atory or District Laboratory on most materials delivered

to the site of the project in oxder to determine the

ratio of various materials that must be mixed by the

contractor io produce desired qualities, In the instances

where mixtiures of materials gre supplied by commercial
sources off the site of the project, it is necessary to
run job contxol tests on their ﬁaterial in order to
estaplish the proper ratio of ingredients in the mix.

§ome in-place test measurements are made by )

" Residency Laboratory personnel on completed layers of

mateyjal for check of thickness, density, and final |

condition after placement by the contractor. \

&
122



To Convert From

Centimeters
Cubic Cm.
Cubic Ft.
Cubic Fre.
Cubic Ft.
Cubic Inches
Cubic Inches
Cubic Inches
Cubié Inches
Cubic Yards
Feet

Gailons
Gallons
Gallons
Grams

Inches
Kilograms
Liters
Liters
Meters
Meters'
Pound§

Quarts

CONVERSION FACTORS .

To
Inches
Cubic Inches
Cubic Inches
Gallons
Cubic Yards
Cubic Cm.
Cﬁbic Ft.
Gallons

Liters

Cubic Ft.

‘Meters

Cubic Inches
Cubic Fte.
Liters
Pounds
Centimeters
Grams

Cubic Inches
Gallons

Peet

Inches
Kilograms

Cubic Inches

Muitiply By

%
o

0.3937¢

&
o

G.00l102

1728
748051 .
9,03704

16.38716

& EF T A
) ,J {3

et - f

#

g

0,00433
0,G1639
27
C,30481
231
0.133681

3.786533

2.54001
1000
61.025
0.26418
3.28083
39,3700
0.45359

57.749

1 ~4
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»

Soil Laboratory Homework Problems

l. Determine moisture content of the following =oil.

wet weight = 200 gr.

~water weight = 20 gr.

2. Determine the wet density in pounds per cubic foot

of a soil which has been removed from a hole containing
0,078 cubic ft. (measured by volumeter). The wet

weight of the soil is 10.2161bs.

3. The L.L. of a soil was found to be 57% and its
P'L. 21%' Pind itS POIO

4, DetegTine the strength of a soil which will support
an ultimate load of 4000 pounds through a cross

sectional area of 2 sq. ine.



S.

Convert the following:
700 grs.
100 1bs/ft2
600 cu, ft.
1000 cu, ft. water

¥
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NERAL NOTES AND SPECIFICATION DATA:

GENERAL NOTES:

1.
.2.

3

b

Se

9.

10.

. AND THE EXTENT DETERMINED BY THE ENGINEER.

'

ALL CURVES SHALL BE SUPERELEVATED AS SHOWN ON GST-62,

ALL OBSTRUCTIONS WITHIN LIMITS OF RIGHT OF WAY TO BE
REMOVED BY THE COUNTY UNLESS OTHERWISE NOTED.

IN THOSE INSTANCES WHERE FIXED FEATURE REQUIRE, THE GOVERNING
SLOPES INDICATED HEREIN MAY BE VARIED BETWEEN THE LIMITS

ALL UTILITIES WITHIN LIMITS OF RIGHT OF WAY WILL BE
REMOVED OR ADJUSTED BY THE OWNER,

THE GONTRACTOR WILL PROVIDE- FACILF¥TIES FOR PASSAGE AT
STRUCTURE SITES AND AT ROADWAY CONSTRUCTION SITES. THIS
WORK ‘WILL BE CONSIDERED INCIDENTAL TO THE VARIOUS BID ITEMS.

ITEM ;320 « AGGREGATES FOR THE 3-FT. SURFACED SHOULDERS
S OF DIFFERENT COLOR FROM THE 24~FT. TRAVELED WAY,

& ;
ITEM 1,20 ~ TYPE 3 SURFACE FINISH SHALL BE APPLIED TO

CGNCEETE STRUCTURES.

- _
Brazos River Bridge will be under construction during
construction of this project. Contractors will be required
to cqnduct operations so as to hold interference between
projeﬁts to a minimun, ‘ B
Item 320 - Between November 1 and fpril 1, RC~5 shall be
subsg}tuted for OA-175 Asphalt in ‘tonstruction of surface
treatment.,

ItemeéO - If the Engineer so dire?ts, the surface treatment
will bp constructed half-mdth at a time, -

No asphaltic material, mixtures or, surface treatments

excepitl MC-1 and RC-S shall be placed between November 1
and April 1 unless specifically directed by the Engineer
in writing.
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SUMMARY OF CULVERTS ANDERSON  tovaTv]| Frtuwee. 323 [conT,
. PIPE
PLAN DESCRIPTION UNCLAS C%A’SS REINF. STD. REINF, CONC
PROFILE STATION STRUCT A STEEL R N .
SHEET SI1ZE DESICH EXCAY [CONC. 18 DIA124 DIA{30 DIA
NO. C.Y. cy. |uwps. | LF | LF | LF
- 7 b 595 #7255 |7~ r85x 34 Frpe Coh?] (CH-7F 4 ' 0.98 4G 34
& AGCO04: 780 5 |I~3x3x45  Box Guir? Fe-2 32 77,58 7222 T
8 ar/’ +Z8 1-Lxdx 44 Bor Culv? c-2 40 715.64 | /675
A 620738 1-30% 32 Ppe Cuk/ cH-78 2 2.70 83 32
9 639435 1-523232 Box Culvl FC-2 [Z] b /279 7735
a G52 40 /-2 25231 Box Culv? Fc-Z 70 335 710G 0
2 BTG S 7-24°1 40 __Ppas Colvd CH-78 ] 732 E] 22
1/ 700 P57 /~24°43G Pipa CulvF CH-78 El 152 =] 3%
12 723490 /- 817,32 Box Culv? SC-NA_FwW-H £ 3540 4374
12 731400 728 A 34 Ppe Cok? CH-78 7 /.32 28 34
/2 745 450 (228138 Pipsg culvh cH-78 12 152 %8 38
13 766 #50 /-815:40 Box Culvd. FC-2 70 29.49 3530
/< 783740 2375327 Pripe Culvh cH-78 /7 152 G8 32
14 804417 /=G x5x 3  Box Culv? A2 50 /8.2 2092
74 8I1240-JORE71-18 224 Pips Culvd | Siderosd 5 —_— — 27
/5 82040 /25133 PApe ok CH-73 iz 182 G8 35
/s 830720 /-247r 56 Plpa culr? 8 [7) /.52 - 68 56
/5 B40 4G5 /-30r32 Fipa colrt CcH:-78 5 2.0 843 32
TOTALS = 360 1750.7/ /6583 | 58 272 oA
3. N
SUMMARY OF BRIDGES
seOM.| PLAN {CLASS |REINF §STEEL {CLE {CEMENT
ST |PROFILE | STREAM STATION LENGTH DESIGN. | DEScCrRIPTION AT CONCISTEEL + CONC | CETAB.
NG ISHEET | NAME FT . ICUAVERT PILING IS Sm@RIPHAS
NO. BEGIN END [h4 LBS. DZxsIN o cv
s 10 |7urkey Cr 682¢6207| G683 /@00 |57.93 Bla /ol irey 18- 87132 Cl Rawy Culv adz lizasol
fi - P
& ¥y~ virrel Cr. [79G +15 TI8#L0 (2250\|F5-824-25 |9-25Corcrere 5/,5455[2!1: /< 3o | fo28 ) 28LT SO
TOTALS = 25293 54 |j0dz L3821 | 1020 | 2807 ] S50
STRUCTURE SUMMARY

(=

ST
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T SUMMARY

)
ALTHTEM-CODE
BRIDGES DESCRIPTION unT | TOTAL
EST. FINAL e | S | g ST, oL
102 | 001 Cloor and Grub Ac -6
119 1 00% Com_RBd_Excay (Ord Gomp) cY 47126
1201001 | Q01 Uncl Chan Excay (Ord Comp) cY 143
1401002} 004 Qvyrhl X4 14,652
150100} Blod Hr 368
204 001 Sorink MG 96 10
210 100] Rall (Flat Whesl) _Hr 2l
2111001 Rall_{Tamp) Hr 1010
2121001 Roll_{Heavy Tamp) He 44 -
2151001 Roll_{Grid) _Hr L2045
230{ 003 Rdbd_Traat (07d Gompi{iy B1 1 ¢y 12,424
230,013 Addl_Qir M! Haul cY 128,588
L. 1260/001| Iime_ (Ty A} Ton 21158
2601008 Lime Tragt Exlat Bass (Oré Gomp) _S8Y 200,000
3161012 Agor (Ty B 6r6) oY 436
3160123 Azph_ (QA - IT5) Gal 16,339
3201038 Agor. {Ty PB_Gr2) aY. 1716
340] 00} ____Asph _Ton__ 45
2_ 13401 00% Aaar _(Ty D) Ton A48
2. 1340/ 008 Jock _Gogat Gal 900
4211 001 Cl A_Cong (Culy) Y 6027
440 DOY ___Balnt_SHl : 3 _Lb 785 11
464! 003 B G Plpa (CULIXJ(IBIn) * “.F 26
46 Q% R G Plge (GIIX} (2410} LE 121
2 496 9§02 Bemoy Qid _Str {Small) Ea 1
8011 60\ Qne Woy Traf Gont . Hr 100
< - -
g - <
S ~
iS -~ = - )
~1nt ] . ;
LTERNATES = ! : : g
- N ALTERNATE No.-i A :
. —}26Q 002 Lima (Ty B} : - Ton 2114 P
‘ i ALTERNAIE No. 2A » -
— e 1 B 2 Cold Mix_LRA Pvi (Ty B} Ton 8938 -
33] 003 Tack Goal (EA- (1M} - Gal 200 -
— L ALIERNATE Na 28 : E
— A5Q1 BO4 Hot Mix - Cold Leid _AGP (Ty n0) Tan 089B =
— 33Q: Tack Coat . _Gal 9200 "
."'-'_ lun‘ll Peett PORLY DO
L] "
ESTIMATE a QUANTlTY SHEET vy [oed Joor Jaes [ me
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. DESCRIPTIONM UMNIT
ALT- Tirem [pesc [s.e. ESCRIPTILA ‘
NO. {CODE|NO. o
102 {001 Clear ond Grub o b A
110 {005 Com Rd Excav (Ord Comp) 7 k4
ot Dbue ; / ‘

1207Too1 | 001 ™~
N S N P
004 N, \ / wme e desoriptinn should be Himited.

140 {002 Y
\ te IF spoce bors (lotters ond
150 {001 spuces).
204 (001 ‘
210 1001 The first three woed fuzt throo digits will bae
>y used to identify spacial provisions. (The

cenier thres digiiz will be left blank on the

speciol provision except when the unit of
' measurement ¢r the description has been
changed).

This is the special provision number. {This numbar will be assigned in the.
Austin Office as they develop).

This is the description code, found in this publication, for the desired
description and units of measurement. {Numbers for descriptions and units
of measurement not found in tha listing will be assigned in the Austin

Office}. '

Y

This column indicates the item number. (MNumbers for special spacifications

will be assigned in the 700,800, and 900 series as they develop).
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Y. TR les e 1 1e | x|y LE
9.0 -| 2258 200 7] 29 /8
375 | 3640° 72 -
ek - 36,3301 2934 ] 77F TOP OF CAP
1564 7| 363 113622812734 | 272 7| 25 | /& 7z ! ELEVATIONS
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N BILLS OF REINFORCING STEEL — FOR 44’ CLEAR WIDTH ~ BARRELS ONLY
2 _SPANS ~ 5°'«2° 2 SPANS — 5°.x 3’ - 2 SPANS ~ 5 x 4’ 2 SPANS —~ S5 x5
MARK AJB I CIOTE L2 [Fe]A]Z THIAK I A1lB81cC L aTRlRlAalZ I s lalslclolelGlalRlmlzlaslAlAilalc E £z /A 12 £ Yy M L LK
NUMBER 46 | o7 (122112245178 |19 8 [ /3 [46] 4 |24 |46 | 97 |/22 /zz 45 |78 (79| 8 |13 |46 4 (2446 |9/ |r22|r22|45[78 [ 19 [ 1213 |46 | < |24 |46 | 9/ |122 /zz 45 781 /8 |24 (/3 |46 (2|62 | 4 | 24
SIZE 24 |wa|og (wg (24 | wg ¥4 |24 |74 (wq (rg |sglive |wq log (wg iog |2g |lag |0g |va (%4 [wg |22 |log |og |wg |24 |2g |wg |79 |24 Loy |og |og |0g [|%0 |24 [#g |24 |24 |2 |24 |72 |7q2 |20 (v |94 |0q 12
SPACING 2ol ze| 9| grisen | 7v |~ | o ey = | jae e L2 | 9% | g i2e| 7 | ~ | ~ |~ | sen) ~ | 2ol | 2| 9| gl see| v~} ~ | ~ | gpe| ~ dyzr|i2n | szn| o | 9 iz | 7|~ |~ (2 2e |8 ~ |2
LENGTH 17471127 41| 44" | 48| 487 |45 -07|45 0145 T | 567 11°27\311* |1/~ 1120510 41" | 28" | 4555 0r|45- 07| 45-01 76| 1/"21311° || 1~} 1127 6407|417 | 4°8"| 457 45-0145-0145-019:6~ | sy-27| 31 Y17*{1757| 74| 21" | 48| 48" |e5-0" 507|450V a0 | 30| 411115~ | 311"
WEIGHT 348 679|394 333 | /40 1243|572 |24/ |39/ |/69 | 30 | 63 1348 |679 |475|333| /40243572 |241 |34/ (1230 | 30 | 63 11348 |679{557|333| /40|243\572 | 36/ |391 |292| 30 | 63 356 (694 638|333 |140 |243\572 (7223911333 (/02 '204| 3/ | 63
3 _SPANS ~ 3 x37 .3 SPANT T <= 5 A 37 3 SPANS <5 x4 3 SPANS ~ 5' x 57 .
NUMBER 46 [or (12222 go(rs6 2912 1i9 13921 4 (36| 46| ar [722[122[ 90 (15629 |12 | /9 | 92| 4 |36 {46 | o/ |/e2 /27| 90 /56 29 | 78 |73 (921 4 | 36 |46 |97 122 122 | 90 |/56 |29 (32 [ /3 92 |92 T62 | 4 | 36
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Control 2697-1-2
-2 oV-100
Matagorda County

TEXAS HIGHWAY DEPARTMENT
GOVERNING SPECIFICATIONS AND SPECIAL PROVISIONS
\J

All specifications and special proviaiohs applicable to thi
as follows; 18 project are identified

STANDARD SPECIFICATIONS: Aggpted by the S8tate Highway Departiment of Texas, January 2]
1962,

Items 1 t0 9 Incl. General Requirements and Covenanté
Item 110 Roadway Excavation (102)(132)

Item 120 Channel Excavation
Ttem 140 Overhaul 3 .
Item 213 Rolling

Item 252 Salvaging and Replacing Base

Ttem 260 Iime Treatment for Materials in Place (26L4)(500)
Item 262 = ILime Treatment for Base Courses

Item 310 Prime Coat (300)

Item 320 . One Course Surface Treatment (302)(30L4)
Item LOO Structural Excavation

Ttem 464 Reinforced Concrete Pipe Culverts

Ttem 472 Relaying Culvert Pipe

Item 496 Removing 01d Structures

Item 550 Right of Way Markers
Item 580 Structure for Field Office and Iaboratory (Type D)

SPECTAL PROVISIONS: Special Provisions will govern end take precedence over %he
specifications enumerated hereon wherever in conflict there-

with.

Required Provisiouns-Secondary Road Plan Projects~Federal-Aid Contracts

Approved September 6, 1962 |
Special Provision to Required Contract Prov. for Federal Ald Projects (Group %gtagordg
Count,

Special Provision "Tmportant Notice to Contractore"” (000---237)(000-~1218)
Special Provision to Item 6 §006---001)

Special Provision to Item 8 (008---026)

Special Provision to Item 213 %213---001;

Special Provision to Item L6l (L6L4---005

Special Provision to Item 1103 (1103---002)

o

SPECIAL SPECIFICATIONS:
Item 1103 Flexible Base (Delivered)(1103.000)

GENERAL: The above listed specification items are those under which payment is
to be made. These, together with such other pertinent items, if any, as may be
referred to in the above listed specification items, and including the special
provis ons listed above, constitute the complete specifications for this project.
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