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SURVEYING I 

1• Fundamentals 

A ...... Definitions 

1. Surveying 

Making such observations and measurements needed tc determine 

the position of various points on the earth. These measure­

ments may be either linear or angular in nature. 

2. Plane Surveying 

Surveying with t~e basic assumption that the earth's 
·1 

surfa.ce is a plane rather than being curved. 

J. Route Survey~ng 

That portion of general 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 wi~h ~espect 

to some particular point of reference, known as the datum. 

With reference to the surface of the ·earth, the datum is 
.,; 

mean sea level. 

5. Measurements 

There are four kinds of. measure•ents: 

(1) Horizontal distances 
(2) Horizontal angles 
(3) Vertical distances 
(4) Vertical angles 

1 . 
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The horizontal oistance between two points is the distance 

b.etween the projection of the points on the horizontal plane, 

The vertical distance in surveying is the distance between t­

points in a ~ertical line. 

Example: (See Figure l) Let A and B be the points on a 

sloping surface. The horizontal distance between A and B 

is not ~ B but its projection A c. 

FIG J _ 
c 

,'; 

. ..) .. ___________ _ 
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s. Units of Measurement 

lo Linear Units 

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

footo For measuxements of iess than one foot 9 decimal 

parts axe ~sed instead of inches and fractions. 

2. Angular Units 

Angles ~re measuxed in degr~es 9 minutesp and seconds. There 
I 

are 360 degre~s in a full circle, 60 minutes in one degreep 

and 60 seconds in one minuteo• 

3. Units of Ar~a·and Vol~me 

The units of area are the square foot 9 a~uare yard 9 and th~ 

acre. The units of volumr :are usually the cubic foot and 

the cubic yaJrd. 

c. ~ .Principa'l Surveying Equipment 

1. Chains and Tapes 

Formerly on s~ll:'veys of ordin~ry precision 9 it w~s the practice 

to measure the length of lines with the engineervs chaino 

The engineer~s ehain was 100 feet long and was composed of 

100 links each one foot longo Distances measured with the 

engineer 9 s chain were ll:'ecorded in feet and decimalso,, Measuring 

with chains wcas called 99 chaining." The term has survived and 

is now generally used to refer to the operation of measuring 

lines with tapeso 

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

. of materialso The most common in use by the Te~as H~ghway 

Department is the heavy stee~ tape or "chain," the l~ght steel 

tape 9 and the cloth-ruetallic~tapeo 
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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 feeti but it can be obtained in lengths of 50, 200, 300. 

and 500 feeto Usually the· chain tapes have graduations witl 1 

numbers every foot? with only the end feet graduated to 

tenths or hundredths ~f a footo Some tapes have an extra 

graduated foot at one or b6th 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 graduationo 

The steel tape~ being ela~tic 7 stretches when a pull is 

appliedo It also expands or contracLs as the temperature 

changeso Generally 7 it is considered that a 100-foot steel ,. 

chain is 100 feet long at 680 Po when a. 10-lb .. pull is 

applied; however, for precise measuremept, each chain must 

be checked agai:qst a stanoard chain who~e length is known., 

The ribbon of the metallic tape is of waterproof fabric 

int~rwoven with small wires to prevent stretching. It comes 

in 50 or 100-foot lengths _and is graduated into feet, tenths 7 

and half-tenthso It is used primarily ~n earthwork cross 

sectioning and other work where a light; flexible tape is 

desirable, and where small errors in lepgth are of no 

consequence. 
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2. Engineervs L~vel and Level Rod 

The engineer 8s level basically consists of a telescope mounted 

on a bubble tube which is rigidly fastened to a rotating 

spindleo The bubble in the"t-uhe·:is centez<ed by 1lll£llil!llg the 

leveling screwso The whole leveling hemd is f~stened to a 

wooden tripod fore use. In-the tube of the telescope are 

cross haits which will appear on the image viewed through 

the telescopeo 

The level rcod is used to measure the vertical dist2nce from 

the horizontal line of sight ·to a given pointo The most 

common type of level rod we use is the Philadelphi~ Rod. 

Even feet are shown in larg~ red numbexso The smaller black 

figures indicate the even tenths of a foot •. The hundredths 

of 1a foot are indicated by the small black and white spaces. 

·J.· The Engineer 8 s Transit 

The engineer 8 s transit con~~sts of a telescope mounted 01;1 a 

hori~ontal axis and supported by standarcdso Attach~d beneath 

the telescope is a spirit 1~we1 tubeo Angles of r.otation of 

the t,elescope in a vertical plane au:e indic~&ted by a, ·.:ertical 

circle which is gr~duated in degree~ 1&nd which read py me2ns 

of an index attached to one .of tlhe st~ll'lldarcds. Tlhe standards 

xes~ on the upper plate whi~h is equipped with spir~t levels 

and which rotates about the vertical axis on a spindlep 

call~d the inner spindle. The lower plate revolves about the 

vertical axis on the outer spindle.o The outer rim of its 

upper face is a circle graduated in degrees and read by 
_.. . 

means of an index on the upper circleo The spindles are 

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

tripod. The bubbles of the level tubes on the upper 1plate 
. 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 ~ssignment of Work 

One of the most important requirements of a good field 

party is proper organization, both of the field party and the 

work assignmentso Organization of the field party itself 

will vary according· to the work to be done. The number of 

men in the party will also be a factor in determining the 

organization. Normally, every part:y will have its party 

chief, ins t rumentman, and notekeep~r. Many times, the 

party chief and instiumentman are one and the same. Other 

members of the party may be rodmen or chainmen, depending 
I 

on the nature of the work. The impprtant point is that 

each member of a field party has a definite part of the ope~· 

ation. Therefore, f<;>r 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 importap.t field work with one or more members of t.he 

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 
1 

.result in errors, which result in h~gher costs and time­

consuming delays. 
I 

Insofar as the assignment of work is concerned, it too , 

must be orga~ized. All work routin~s must be planned in 
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advance by the party chief. The sequence of performing the 

work must be considered in order that the m&.xiaum efficie~cy 

~ight be gained. To have a group of me~ 5t~~~in, aroumd o~ 

the jobsite waiting to be .told what to d.o ~.a time absolutely 

wastedo The p~rty chief should review in ad~~•ce· tb~ entire 

project of work. The sequence of the work. .~hould be decided 

onv and the general operatien of the party ill perfot:ming each 

sequence should be determinedo A ~cod p~rty chief will have 

his work so organized that each portion Qf ·the surveying moves 

smoothly from one phase to thene:Jet. 

a. Recording Data 

P:j.eld notes are the writt·en record of the'work done in 

the field and are written at the time the work W2S doneo They 

must 
1

Q~ as complei:e and accurate as possible<'~' Unfortunately, 

this i$ often not the case~ Many surveyors seem to think 

that their.work is well done if the field record~·.reinforced 

by the~r own memories, is. sufficiently comprehens~ve to make 

the f~eld data of immediate us~ for whatever purpose t~e 

survey may have~ On·most surveys, it is impossible to pre• 

dict to what extent the information gathered may·become of 
'· 

value in the remote future. Not infrequentlyt court J>ro- .~ 

ceedings involve surveys made long beforeo Oftenp.it is de-
·: 

sirabl~p particularly in our line of work, to extend, or 

otherwise make use of surveys 
1
made years previouslyo In such 

cases$ ,it is quite likely that the old field notes wil~ be 

the only visible evidence, and' their value will depend, largely 

upon the clearness and complet~ness with which they are . 

recorded. 7 



The not.es consist _of numerical data 0 explanatory notes 

and sketches.!' Alsop t~.~ reco.:rd of every survey should in­

clude the date 9 the weather conditions, names and duties of the 

surveyor 9 ox:_party chief andhis assistants, and a title indi­

cating the ~~cation of the s~rvey and its nature or purposeo 

All field notes should be recorded at the time the work is 

done. Notes made later.from memory or copied from other notes 

may be useful, but they are not field noteso The notekeeper 

should realize that the notes will very likely be used by 

other persons not familiar with the locality who must rely· 

entirely upon what he has recordedo For this reason, not 

only should the notebook contain all necessary information, 

but it should be recorded in such a form which will permit · 

only one interpretation. Accurate.and qlearly drawn sketches 

will do more tha~ anything else to conv•y correct impressions. 

The use to be m~qe of the notes should &uide the notekeepe~ 

'in deciding what 'information 'to in~lude :;and what information 

to leave out-. TC? make the notes clear, the lt'ecorder should 

put himself in the place of one who is qot on the ground at 

the time the survey is made. ,, 

In recording the data in the ~oteb9,ok, a 4-H pencil, 

· well pointed·» should be·-used .-- The figut"es used should be' 
' 1 

plain. One figure should nevery be writ:~en over another. 

In general, numeri~al data should not b~ erased. 
l 

If a number 
l 

· is in error 11 -·-a line should be--- drawn thro)lgh it, and the 

corrected value written aboveo Where decimals are used~ 

the decimal should never be omitted. The numbers should 

always show with what degree of precisionP the measurement 
' 
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was takeno Thus, a rod reading 9 taken to·the ne~rest 0.01 

ft., should be recorded not as 7.4 fta 1 but as 7.40 ft. 

Notes should not be made to appear either mo:re &.'tccu.xa te nor 

less accurate than they re~lly are~ The p~ges should be 

numbered in the upper right hand corner of the x.i.:;h.t band 

leaf only. The number should appear with a cixcle drawn 

around it. In this way 9 an index 9 a table of con.tent$il 

may be recorded in the front portion of the booko 

3. Safety Hints 

One of the prime consideration.s of :any type work should. 

be the ,safety and well~being of the men involvedQ This is 

particularly true in field survey work 9 which many times is 

done under hazardous conditions or in a remote area where 

medical aid is not easily avai+able~ 

A~y situation which involves working under hazaEdous 

conditions such as in high plat;::es 9 in trafficp in,wate;-~ etc., 

should be completely analyzed ~n advance. This ~nalysis 

should consist of spotting the probably danger spotsp ,and 

determining exactly where the ~anger lies., Then the work 
•' ' 

should. be planned to eliminate~ or reduce to a minimumg 

perso~nel exposure to these dangers~ In most cases 9 tne 

work can be so organized and planned that none· of the .. 

people involved will be exposeq to possible hazardo Xn some 

cases, complete elimination of, hazards is impo.ssible, and some 

exposu;e is necessary~ The work should be planned to ~eep 

this to a minimum1 and the per~onnel involved should be 
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II. Chaining 

selected on the basis of who is best qualified, physically 1 

mentally, to cope with an emergency, should it arise. 

All equipment, tools. etc. t involved in the work shoulc 

be examined daily prior to beginning the day's work to de­

termine if they are in a prop~r and safe condition. A good 

party chief will observe the work as it progresses during tr 

day with an eye to eliminating any dangerous or unsafe metb 

or attitudeo 

A. General Procedures and Requirements 

1. Importance 

The basis of all surveying is the linear measurement~ 

No matter~ow accurately the other phases of work are done, 

with inaGcurate chaining, the survey will be a failure. It 
I . 

i~ not e~sy to avoid making errors, and certainly, it is n~ 

a simple o,pera tion to chain with precision. Chainmeq shoql; 
. - ' 

constantl,y1 on the alert for errors in order that a great de; 

of work may not be lost through inaccurate chaining. 

2. Reading a Chain 

~he equipment required in chaining usually consists cl 

one 6r mor,e range poles, eleven cl;laining pins, and a, one-, 

hundi~d foot st~el tape with int~rvals zero to on~ foot, 

and 99 tQ .100 foot, ·graduated in tenths of feet, and, the ~~ 

mainder of the tape'·or chain· grad~ated in feet. One rang~ 

pole·is pl~ced behind the distanc~ point to indicate ,its ~c 

cation.. The rear chainman with 0:r;1e pin, stations himself 1l 

the point. Qf beginning.. The. head chainman- with the zero et 

of the tape and ten pins advances toward the distant point• 

When the head ch~inman has gone nEiarly one.hundred 
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feet, the· rear chainman calls "chainH a signal for the head 

cha-inman to halt. The··rear chalnmai?t holds a hundred-foot·· 

mark at the point of beginning. a:nd 'b•y h'-nd s:ignal or speaking,. 

lines in a chaining pin ~eld by the helil.d chainm;jn with a 

raMe pole marking the. distant poln.t 0 f.JiU'ing the- lining= in 

process 11 the xear chainman is in a knetf:ling posit.i~n oa the 

.. line and (acing a dista,nt point o;. Th~ h4-:i.d ch!!!d:,\>:!Uii\n is in a 

kne:eling J?_osition to one side and fiilc~sag in line IS(;J that the 

rear chainman will have a cleax \f.ie'i-":1 of the signal m~Jrking 

the distant pointo The head ~hainnzn with his right ~and 

sets a pin vertically on line and ~ sho~t 1i3t~nc~ to the 

rear ~f the zero mark., \\Ti th ,his: ~.::·: , 

tape taut and making sure that it is str~ight 1 brings it in 

contact with the pinp The rea;: 

that .the hundred foot mark is at ~0int of beginning calls 

ttsticl,<" or "all xight .,." The 1head c1ud.:n>E2n pu11s the pin and 

stic~~ it in at the zero mark. of the tape~ 1-rith the pin sloping 

away from the lineo He again pulls the tape t~ut 9 and notes 
' . 

that the zero point coincides with tn~ pin at its int~rsection 
··-· 

wit~ the sround~ The rear c~ainman then rel~~ses the tape 9 I 

the'-head chainman moves forward as before and so the proc'ess 
~ . 

is repeated .. 

· As the rear chainman le~ves e~ch intermediate p~intp 

he pulls the pinp thus 9 ther~, is ~lways onre pin fn thf! ground 

and a number of pins held by the rear chainman at any,timev 
I ~ 

indi~ates the number of hundxed~ of feet or stations f1rom 

. the point of beginning to the pin in the grQund~ 
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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 pulledp both chainmen count them to see that 

none is lost? and· 'the head chainman records the talley.. The 

head chainman takes the ten pins and the procedure is repeated, 

The zero point of a chain and a corresponding ending 

point at the otheD end may be: 

(1) At the extreme ends of the holding rings .. 
(2) At the extreme end of the steel ribbona 
(3) On the .ribbon, near the ends~ 

If you are in. doubt, compare the end foot with an inter­

mediate foote .The first rule of chaining is that both chain­

men must know where the beginning and ending points are lo­

cated on the chain. 
. I . ·~ 

B. Correct Methods of Chaining 

1" Measuring Distapce less than the Lengtq of the Chain 

If the tape~ or if the chain? is graduated continuously 

from 0 to 100 7 ;~ith every foot subdivided into tenths and 
--•' o"•,L\,,...,,' •·' '• •' ', \ 

hundredths, it, ~s obviously simple to make measurements less 

than the length of the tapeo When, however, the end foot is 

the only one subdivided, it is ne~essafy that both chainmen 

take part in t 1p~e actual reading of the,tape .. 
' 

Example:: AssU:me.:.tnat Points A and B are located 70 .. 65 feet 
',, 

apart, and. we ~ave_ a 100-foot tape without an extension. 

To measure .this. distance, the head chainman stretches the 
',I 

tape at Point B and tells the rear chainman at Point A 
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to 99 hold one~" which mea 1s to hold a foot •n:<irk over Point Ao 

If the rear chainman holds the 70 f c.1t m:;u:-k, the 0 end of the 

tape falls short of Point B~ obviously~ th~ distance must be 

70 feet plus some fraction of the next foot~ The rear chain­

man holds the 71 foot mark and yells 6 ~ lv>lding 71? "' the head 

chainman then reads the distance f::rom ~h~ one f(J·Ot :::r~M.rk on the 

tape to Point B, and he finds this to be Oo65. The head 

chainman mentally subtracts one foot from the called 7t 

and adds the 0.65 to obtain a measured distance of 10.65 

feet. For tapes having an extra graduated foot beyond +~e 

zero .. point, it is not necessary to s1..i'htract one foot as just 

described. 

2. Laying off Distances less than the Len%th of Chain 

In this case, the procedure is exactly the reverse of 

that mentioned in Item 1 ab~ve. 

Example~ Let us assume that: it is required to lay off a 

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

of tae c~~in finds the point in the subdivided end fcot that 

is Oo7 i·: ~t from the first foot ma.rk (not from zerQ). 

The rC:'a.r ch<'·nman adds 1 to 61 and calls out "holding 62," 

and this )i:.4t is held at the beginning point of the distance 

~ to be laid off. The head chainman mentally subtracts 1 from 
\) 

bl and s~ts the required point ~pposite th0 graduat~on that is 
.~ ~ 

0.72 feet from the one foot mark. 

For tapes having an extra graduated fot t beyond the 

· zero point, it is not necessary to add <'me f:.ot to 6.t. 
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The chainman at the zero end finds the point in the sub~ 

divided extra foot that Oo72 feet from the zero mark~ This 

point is held at the beginning point of the distance to be 

laid offo The other chainman holds the 61-foot mark and 

calls out 99holding 619e and sets the required point opposite 

that graduationo 

3. Measuring Distances greater than Length of Chain 

It is obvious that to measure a distance greater than 
. ~ .~ . 

the length ~f the chain~ chain lengths are laid off repe-

titiouslyo .In doing this~ chainmen must keep fout: things 

uppermost in .mind: 

(i) the chaining must be done in a direct line; 

(2) th~ chain must be stretchecl tight for each length; 

(3) the. end of each chain leng~h must be marked in such 
...... 

a way as to be--used as the beginning of the next 

chain lengthv 

(4) accurate count must be kept of the number of ~hain 

lengthso 

In order to k~ep on a straight linel) 
1
a range pole may be 

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

The rear chai.nman can line in the head chainman by sighting 

on this poleo If more accurate aligning is desired, th,e 
i 

transit may be usedo To mark the be&inning and end of each 

chai~ length,:cbaining pins may be useda In the event high 

precis~on is ~eguiredp ~e can set stakes and use a tack or 
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Rn~{c mark to indicate the exact point. On ground that is 

too hard for stakes or pins, nails may be driven. On pavements, 

point3 may be marked with a crayon. As you can see, there are 

several different methods of procedureo Two good chainmen 

will soon discover which procedure is best suited for the 

work they will do. 

4. Chaining on a Slope 

In measuring slopes, the~e are two ways of getting a 

horizontal distance which is the distance usually required 

in surveying: 

(1) The distance may be measured along the slope ~nd 

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 d9~nhill 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. 
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~--

1 

.... I o, 
0 ...... I 

I 
I 
~ 2 .. 3' 

When the slope is so steep that the dovmhill end cannot 

be held high enough to keep.the chain horizontal~ the distance 

must be measured in sections which are ·short enough to pe:r.mit 

the procedure outlined aboveo This is called breaking the 

chaino . See Figure 2o 

__ .. _ _100~------·· -----. -~i 
. ; ~ I II 

I; 
I 

33' 

29' 

FIG. 2 
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~rrors in Chaining 5· ~ 

Listed below are some of the common errors that occur in 

chaining. 

a. Tape not correct length 

This will produce a cumulative error~ since it does 

not compensateo It may be eliminated by checking it 

against a standard tape. 

b. 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 

t1;ue line. This a cumulat:ive erro.rp but usually 9 

it is the least important of the errors in chaining. 

This error can be reduced to a negligible qua~tity 

by -careful aligning while ~haining. 

c. T~p.e not horizontal 

This error is cumulative normally. With the eye~ it 

is. difficult to tell when .the tape is horizontal. 

Inexperienced chainmen ha~e been observed chainin& 

what they thought were hor.izontal distances on a 
I 

slope of perhaps ten per c~ntQ This error can be 

reduced by leveling ihe tape with a hand 1ev~l 9 or 

by means of a string and stxing leve~ 

d. Tape not straight 

In chaining through grass and br~sh or when tht wind 

is blowing~ it is impossib
1
1e 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 
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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. 

e. Inaccurate Readings 

Errors in reading the tape~ 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 number of tape lengths. In rough terrain, the error 

in plumbing is of most importance. Oare in the work will ten~ 

to eliminate these errors. 

f. Variations in.Temperature, Tension a~d Sag 
- . . . .. 

The length of the chain is <;)irectly deRendent on these three 

items. How~ver~ standard corrections can be applied to elim­

inate their effe6t. These corrections are discussed in 

detail in It~· C~ 

c. Corrections and AdJustments 

1. Temperature . 
> 

If measu~~ments are made at. a 'li$her temperature than th~ 

68° standard~ :the tape is too long., ,If the measurements are 

made at a temperature below 680 standard, the tape is too 
I if 

short. For ~ change 1ri 15° F. 9 a 109~foot steel tape will 

.. experience a. change in length of abo~t 0.01 foot 7 which 

introduces an error of 0.5 foot per mile. An extreme change 
I I . 11 

.Qf 50° would introduce an.error of 1.5 feet per mile. 

The coeffici~nt of th~rmal expansion of steel is o.ooooo6S 
\.' 

per 1° F. If the tape is standard at 68° and measurements are 
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taken at T dlegz·ees~ the corxection (~~· to be applied is 

given by the fo~la ... C=Oo0000065 1('1".,,68°) where 1 is 

the measured lengtho 

2. Tension snd S~g 

except foJr vezy px:~lCise m·?:i\iS'a.ll.lt'eme:nts ~il!<:h ~5\ ~.x~ :lnvolved in 

triangulationo In th~ event it is <!Jce~med neeessaJty to correct 

by being comp~x~d with ~ ~t~~d~rd t~pe~ . 

The compax:i$on !$ 1~de ~s followss 

A flat floor more tban 103 

both tapes are stretched ~lde by sid@ oa the floor 

to assUllme the s~me tempexal'tuzeo The f1oos: zn$\y be of 

any matex:i,:il as long as it is smooth and flato Tem"" 

pex:atuJre i_s disregS~~!'ded :i.n thi~ 4?omp;~.r:ft.Sl,!)D by htiving 

both tapes the s~me tempe~atureo 

b. Paper stickers are f~stened to the floo~ ~t goi~ts 
~ , 

coxxesponding to the,0 9 25~ 50v 75 0 ~nd lOO~f~ot 

marks o:n the stamdfdlr,~ t~peo A st&x-ting line is, 

marked at the zero c~do 
' .. 

Co The standard tape is then used 9 undera lO=pound " 

tensionv to ~rk the corre~t distances on th~ 25 9 

50 9 75 9 and 100=foot p~p~rso 

do The tape which is to ,be comprared will then b~ immed-
~· • .1. 

iately placed in position and put under standard 
i 

tensionQ This is lO,Jpcwds for tapes 1qo fe~t or less 
' •' 

in length and 20 p~nnds for tapes over 100 f~et in 

lell11gtho The colr:'rll!lrctionsg if any;, at ezch tape interval 

will be Jrnotedo 
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III. Leveling 

eo If the correction can be eliminated by using a tensio~ 

different from the standard? that tension will be 

determined. With this information, the tape can be 

used for exact measurements when it is fully 

supportedo 

As baseline measurements must be made under con~ 

ditions whexe the tape cannot be fully supportedp iti 

logical to decide~ while the- comparison is being made
1 

what interval of support will be used in the field 

and determine what tape ten$ion is required to give 

correct- lengths with those ~ntervalso Twenty feet is 

sugg~sted and following Step 3 above, the tape can be 

blo~ked about 2 inches above the floor at those inter· 

vals 2 ~utd checked_:~immediately~ About_.2 pounds additior. 

tension may be required, depending on the weight of t! 

tap~, 

A. Use and Care.of Level 
I 

1. Care of the Level 
'· 

Many parts of the level are.delicate and are made of 
1 I· !· I 

soft ma~~rial~ so the first and ~most i~~~rtant rule is ~o 

handle.t~e instrument gentlyo_ Neve~ ~orce movable _part~c 
.:. '\ . 

screws.:: It can be comparativelfr easy to strip thrE7ads ot 

twist off the heads of a screwo 
I L ,. . 

In removing the instrument from its box, always grasp 
' " 

the lower part ... .!!21 the telescope. Be sure the level it!~ 

is secu.rel y screwed to the tripod. More than one accident 

20 



has occurred by an instrumentruan y ~etting the head on 

the tripod, turning to do something 

having another mewbe.r of the c.:te.~v-; p::ie~ 

to the tripod. 

In setting up the instrument 

cautions should be used(jl Do not 

,,_ .._, 4""' 'l 
', .• f '\..,._ ~ ;, pre-

tripod's legs so close together th~.t i-t· ~~n. f~ll ove::r~, Never 

leave it unguarded where it might be crve.r by people, 

moving vehicles, or animals~ In set i~' the instrument 

on pavement or other slick surfaces, try co wedge th~ shoes 

of the tripod into cracks or depressions~ 

In. carrying· the level, always be sure the spindle is 

clamp~d tight so that the telescope \'lill not sv;ing back and 

forth. Carry the level in front of you when going through 

restricted places, particularly when there are overhanging 

limbs. 

2. Settin~ up the Level. 

In this procedure the whole point 1s to get the iqstru-

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 l~gs in the ground in such a 

manner that the upper part or.head of the tripod is approx-

imately level. Nextp you must io~djust the urpe.r par.t of the 
) 

instrument by means of leveling screws so that the line 

of sight will be horizontal in ~l1/ directionc This adjust-

ment is done by turning the telescope until it is above and 

in line with two diagonally opposite screws and bring~ng 
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the bubble approximately to the center of the tube by 

turning the screwso Then~ turn the telescope over the 

other pair of leveling screws and repeat the process of 

b~inging the bubble t6 the-·centero This process is alter~ 

nated baclc and forth until-- the bubble stays in the center 

of the tube when the telescope is swung in any direct icm. 

In turning the two diagonally opposite screws~ the 

thumbs always move towards .. ox: away f:rom each othe:r .. 

Remembex 9 the bubble will move in the direction in whi.ch 

the left th~mb is turnedo . When the thumbs turn towards 

each other 9 .iihe bubble will. move to the right; away from 

each other? ~efto 

B. Use of Level Rod 

1. Holding th~f¥od 

Since the leyel rod is used to meas~re the vertical dis-

tance from the horizontal line of sight to a given point, 

it must be held in a vertical positiono This may be accom .. ' 

plished in several ways~ 

(1) Holding the rod loosely with your fingers and 
~ 

seek.ing to balance the rod on the pointo 
c 

(2) Use of a xod levelo 

(3) By rocking the :rod slowly through the vertical 

position and taking the least reading observedo 
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Reading the Rod 

The most co~on 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 black 

figures indir.ate the even tenths o£ a foot. !he hundredths 

0 £ a foot are indicated oy the smqll 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. 

-----5.2 3 

- -- '::>. i 1 

------5.05 

FIG.3 
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Co Basic Theory of Differential Levels 

lo Definitions 

ao Backsight (BSl Sight ox reading on any point of known 
" 

elevationso Always add the backsight to the elevation 

of the known po:imrt to get th'e !t~ight of._!~nt (ifl), 

bo Foresight (FS) Sight or xeadi10.g on rany point of un ... 

known elevationo Always subtr.act from HI to get 

elevationo 

Co Height of Instrument (Hl) Elevation of instrumento 

This is a.rrived at by adding BS to ell.evation of known 

point (BM or TP)o 

2o Explanation of Theory 

ao If we hold a level rod on a bench mark and sight 

through a leveled telescope 9 the point at which the 
I 

horizontal cross haix intexsects the level rod is the 

vextical height of the instrument above the bench marko 

Thus 9 if we add the xeading on the level rod to the 

known elevation of the bench mark 9 we arrive at the 

actual h~ight of the instxument (HX)o The reading 

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

bo Knowing the height of instrument (Hl) 9 we can 

set the rod on a point of unknown elevation and again 
/ 

read the rod·o This .i!?eacHng on a point of unknown 

elevation is called a foxesight (PS)o This reading 

is the actual vertical distance from the instrument 

down to the pointo By subtracting this reading (FS) 
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from ~rie instrum~nt height (HI) we a~rive ~t the actual 

elevation of the pointo This point then becomes a 

bench lllllrk (BM) or as a tempoxary pointp it is called 

a turning point (tP)o 

c. The instrum~nt can th~n be picked up 9 moved ahe~dg 

te1eveled 9 and a new backaight taken on the turning 

point and the pxocess reper~tedo This "leap frog 118 pto• 

ceduxe may extend ~a far as neededo 

3. Correct Porm fox Level Notes 

(+.) (=) 
BoSo Hoio PoSo Eleva 

BM #Y607 USC&:G BM#Y60~ 3o76 103o76 100o00 
TP #1,., · 
TP #2 
TP #3 .. 

6o.21 
4C)02 
7.o11 

10.5o95 
106 0 06 
1071)07 

~o02 99o14 
3o91 102o04 
6o10 9.9o96 

BM #Y609 USC&G BM#Y60~ Oc29 100o18 

To checke Sum of IS (+) less sum of PS (?) 8hould equal 

difference in elevation of beginllling BM and .ending BMo 

If you begin at· end on the S$me BM 0 then the s~m of the BS 

and the sum of the PS should be equal~ io~eo (f~om sbowe) 

BS (~) fS (=) 
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D. Vertical Control Net 

1. General 

In our construction work, it is necessary that we 

control the grades or elevation .of .the roadway and strue .. 

tures during constructiono In order to do this~ we need 

a series of points of known elevation (bench marks) to 

refer to. Generally, we need these points about every 

1,000 feet located near the right of way, but not nec­

essarily in ito In order to determine the elevations of 

the bench marks, we set ev~iy 1,000 feet, it is necessary 

to run a series of differential levels from established 

u. s. Govern~ent Bench Marks~ 

2. Method of Bench Mark Leveling 

When a .line of levels does not ·form a closed circuit, 

it may be poa;sible to check the fielp work by starting 

from one pe~anent ·bench mark and clpsing on another"' When 

this is not Rracticable (as is the usual case), a check 
I . . 

may be made 'l?Y rerunning the levels ~n the opposite directic 

Example: Af:!~ume it is desired to establish. a Bench Mark B, 
I ;. 

starting fr9~ Bench Mark A of known ,elevationo Levels are 

first run f·rom A to B and the difference, d 8 in elevation 

between .A and B is determined.. Levels are 'then run from . i 

B to A,_ __ and .~. seco~.c! diff~rence in elevatio~ d' is dete-\'mine 

There usual~Y:. will be a variation be~ween d and d'~ If 

this variation exceeds permissable tplerance, both lines 
-·· j ' •• 

must be reru~ until the variation is,within tolerable 

limi ts.a The average value t(d .+ d 9 ):l.s then used to cal'!'" 

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

ai:>ove, oetween d and d'.- the formula: 

Error = Ool Vnistance in Miles will usually give 

satisfactory limits. 

3. Distribution of Errors 

In this discussion, two different cases will be 

t~ken up~ 

{1) Levels re-run in opposite directions. 

(2) A closed level circuit. 

a. Levels rerun in opposite directions 

Starting from known1Bench Mark A, levels are 

r~n to establish th~ elevations of new Bench Marks 

B~ c, and ~~ Assume levels were run forward and 

backward between each pair of successive bench marks 

as explained in Item III,: D~ 2, above.. Assuming the 

variation of d and d¢ between A and B is within 

tolerance, the averase t (d+d') ii used to calculate 

the elevation of Bo The ~ame adjustment process is 

us~d between B and c, etc., througout the whole line 
' I 

of levels. 

b. Closed level circuit 

Starting from known Bench Mark A, levels are 

r~n over a closed circuit, ending on A~ Let~ re­

present the error of closure. It is necessary to . 

distribute this errGr in adjusting the elevations of 
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the new bench marks on the circuit. This error is 

normally distributed around the circuit in proportion 

to the distance of the bench mark from the starting 

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 elevation of A, found from 

running the levels around the circuit, is higher 

than its elevation used at the start, ioe., if 

E is positive, then the correction applied to 

each bench mark will decrease its elevation. 

If E is negative, the cor~ection for each 

bench mark is positive, thus increasing its 

elevation. 
I , 

B. Construction Stakes for Vertical Control 1 

1. Construction Hubs 

These stakes are usually set by the Field Party prior 

to beginning.construction operation~. They are set oppo­

site each st~tion, and on each right. of way line. The 

elevation of; the top of each hub sho,uld be determined to 

the nearest ,hundredth of a foot by r.l..tnning levels between 

bench marks previously set every l,opo feeto All vertical 

distances tq"each point in the .eros~ section can then be 

measured frq.~ these hubs. 

28 



2. Slope St~kes 

Slope stakes are stakes set to indicate the ~ of 

slope or the ~ of a slope. In a normal grading, thtse 

points may be scaled directly from the plotted cross 

section sheets, or in some cases, directly from the Typic•' 1 

Section Sheet. However, in the case of dee1 fills er 

cuts, where considerable quantities are involved; 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 hum~nly impo~sible to·build a slope exactly by eye, 

it i& necessary to set slope stakes~ 

Example: Starting with the nearest bench mark, 

differential levels are run to the section of road-

way to be staked. The subgrade elevation is sub­

tracted algebraically ~rom H.I. elevation .and the 

difference is the grads~· A rod reading is .then 
• 

taken to the nea~est tenth of a foot ~ the gr0und 

at the center line stake. b,ll rod reading§ ar~. 

considefed negatiye. The rod reading and the ~rade 

rod are added algebraicallX and the sum indicates'' 

the cut or fill at the point where the reading is 
l 

taken - minus indicatiqg fill and plus indicating 

cut. 

If the ground is level, the cut or fill to subg~ade 

at the slope stake will be the same and the distance 
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from the center stake to the slope ~take is found 

by multiplying the center cut or fill ·by the ratio 
". --·~~ .... ~ ... 

of the side slopes and adding one-half the width of 

the roadbed. 

If the ground is not level, the cut or fill 

will be different for various points~- ·and the problem 
'. 

is to find the point on each side of the center line 

whose- distance from ·the center is equaT to the cut 

· oi· fill af.that point multiplied by the· slope ratio · 

and added to ~ne-half the roadbed. :This is a trial 

and error procedure. Por·example in Plgures 4, s, and 

6, three typical cases are showno • 

30 



I' I, 

10~ 

Figure 4 shows a cut. In this case~ the H.I. is always 

~oove both the ground and the proposed snbghade and, therefore, 

•11hcn the elevation of the subgrade is s.ubt::acted algebraically 

{tom H.I., the difference (grade rod) is always positive. In 

this case, the gra~e rod = H~I.-Subgrade El. 

H. I. = 
Subgr • .El. = 
Grade Rod = 

543.29 
-526.70 

16.59 Use 1&.6 1 

The rod reading on the ground at C = -7e3~ Therefore, the 

algebraic sum of rod reading and grade rod = -7.3•16.6 = 9.3 
I 

which is the center cut (plus = cut and minus = fill). If th~ 

ground were level then the slope stake would be 1.5 (9.3) + 14 

or anproximately 28 1 cut from ~· Assume, however, the rod 

·~"--++---- 2 8.00-, 

~ 
~',J'----;i.;:,.;. 

in 
It:. . I 

28.0 21.0'-

FIG.4 
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reading at this point = 10.4 indicating the ground is not 

level but falling. This reading added algebraically to the 

grade rod =-10.4.,.16.6 = +6.2 (cut). Therefore, the slope 

st'ake shoul~ ·,be 1.5(6.2)+14 or approximately ·23.3*., out. The 

rod is then moved to this point which gives re•ding of 10.2 

giving cut of 6.4. The distance = 6.4 (1.5)+14 • 23.6. 

Moving out the·0•3'we find the rod.read;ng does not change 

and the alope stake is set• 
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Pigure 5 illustrates. a fill of which tSt:e f:inished 

roadbed is below the H.I. In this case~r t'~.H~' g;r.1;H~t:: red will 

always be less numerically than the rod re&,cl:i.ngs or! the ground. 

The grade rod in this problem is +3.7; the rod reating at . 

the center stake is •8.5 and their algebraic sum is -4.8, 

the minus sign indicating a fill. The positions of the 

slope stakes are found 8y trial as previously explained. 

GRADE ROD 
19. I • t 3. 7 8.5 

:; 
F4.8 

0 

FIG. 5 

.. 
·' 
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SUB. GRADE 
= 562.10 

F.2.6 
F.2. 6. -13.0 

CENTER FILL 
= 4.8 



In Figure 6, the finished roadbed is above the height 

of the instrument and, therefore, the grade rod has a negative 

value. Since the rod readings are always considered negative, 

the fill in this instance is the arithmetical sum of the grade 

rod and the ground rod. Otherwise, this case is similar to 

the preceeding ones. 

zo' ~ 

~--~19~·~8----~~--~--~~U~B __ G~R_A __ D~E-=_5_7_5_.4_1 __ ~ ___ 1_4_._7 __ ~~ 
-_~- _Q..J:i:.I~O.:-iQ.. _ __;::....r----==~-t-

GRADE ROD 
i -s.o 

FIG.6 

. ' 
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f· 
vertical Curves 

1. Per Cent Grade 

a. Per cent grade may be calcula~ed by dividing the 

change in elevation by the horizontal· distance over . . . . . ~. 

which this change occurs t,. then ccn~.rerting the" answer 

to per cent. 

2.0' change in 5000' 

2.0 :~ 5000 = 0.0004 = 0.04% 

b. The grade is ~ositive if the elevations increase 

as the station numbers increase. 

C.i The grade is negative if the. elevations decrease 

as the station numbers increase. 

d. In the case of 100 1 st.ations," the actual increas1 

or decrease in e 1 eva t i.ons in 1 station is1 equ~l to 

the % grade. 0.2' change in 100 1 station = 0.2% 

grade. 

2. Calculation of Tangent Elevations 

a. A tangent is the .straight line between the va~ious 

breaks or changes in g.rades., 
' 

b. The point at which these changes 'or brea~ in 
1
grade 

occur are called P~I~'~· 

c. To calculate the ~leva..tions along a tangent yoru must 
' 

add or subtract from the elevation of the.P.! ... The 
1 I. "' 

amount to be added or subtra6ted (Change) is cal-

culated by multiplying the grade expressed as ~ 

decimal by the horizon~al distance from the P.I. to 

the point on the tangent. 
• J 
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do Exampleg Polo = Stao 
Polo :: Stao 
Poi., = Stao 

0+00 = lOOoOO Elevo 
5+00 = 101.00 Eleva 

10+00 = 96.00 Elevo 

Find % grades and tangent elevation of stations listed belowo 

O+OO to 5+00 
::;: 500 ~ 

= +laOO 

% grade from Stao 
Horo Disto 
Verto Change 
% grade ~ loOO 

% grade from Stao 
Horo Disto 
Verto Change 
% grade = 5o00 

~~500 = Oo002 = + Oo2% 
5+00 to 10+00 

= 500 8 

= 5o00 11 

i 500 = Oo01 ~ =loOO% 

Stao Tano E.levo 
0+00 PI lOOoOO 
1+00 100o20 Elev ::: 100o00+ (o002 X• 100) 
2+00 100.,40 ·: Elev ::: 100.,00+ (o002 X· 200) 

·2+34 100o47 ·· Elev = lOOoOO+ (o002 X 234) 
3+00 100a60 Elev :::: lOOoOO+ (o002 X 300) 
4+00 100o80 l :· Elev ~ lOOaOO+ ( o.002 :x; 400) 
5+00 PI lOloOO Elev :::: lOOoOO+ (o002 X 500) 
6+00 lOOoOO ... Elev -· lOloOO- (oOl X 100) 
7+00 99o00 ·· Elev :; 101~00.;, CoOl X 20'0') 
8+00 98o00 Elev ~ 101o00= (oOl X 300) 

"8+76 97 .. 24') )-- E1ev = lOloOO.;, '( 0 01 X, 376) 
9+00 97 c.OO :. Elev = l01o00= ( oOl X 400) 

10+00 PI 96.00 Elev ;; 10la00= (oOl X 500) 

l ) 

Discussion 6£ Vertical Curves 

C: 100o20 
= 100o40 
= 100o47 .. 

= 100a60 
= 100o80 
= 101o00 
= lOOoOO 
= .. '99o00 
= 98o00 
= 97.24 
= 97o00 
= 96 .. 00 

a. A verti~al curve connects two different gr:adeso 

bo This curve is in the form of a parabolao 

c. All distances are measured on a horizontal plane. 

All elevations are measured on a vertical planeo 
~ . . ... 

do The vertical cuxve is always symmetrical about the 

Pio Thus 9 one=half the length lies on either side of 

the Plo 
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e. In general, to calculate a vertical curve, first 

c~lculate the tangent elevations from P.C. to P.T. 

Then the vertic~l offsets from the tangent to the 

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

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

or rise curve. 

f. These offsets m;~ be calculated several different 

ways~· We will discuss only one. 

4. Calculation of Elevations on·a Vertical Curve 

a •.. Symbols used: " 
. 

e =rOffset from PI to Vertical Curve 

A =,Algebraic difference in.grades 

L =i Length of 'curve in Stati•ons 
' 

·~ = Distance in Stations from. PC or PT ~o· any point ~ 
on tangent . 

d ="offset from tangent to Ver~ical Curve at any point 

b. Formula used: 

1. e = AL/8 

2.. 'd = e (X/tL)2 

5, Sample Ptoblem 

;;.., We wi,ll use grades and eleva:tions given in the ex~m~l~ on 

• 

Sta 0+-00 to 5+00 : 
Sta 5+00 to 10+00 

PI @ St1a 5+00 Elev 

b. Calculate an soot vertical curve. · 
,I 

+ 0.20% grac;.:­
- 1.00% grade 
= 101.00 

c. Since 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 
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A :; t·O .,20% ~(-1..00%)= 1 .. 20 
L = 8 Stations 
e = AL/R = 1 .. 20(8)/8 = 1.20 
d = e (X/tL)2. 

Stao 1+00 ·· d = 0 .. 00 (P.,CA) 
2+00 d = 1 .. 2 ({)2 = 0 .. 075 use 0 .. 08 
2+34 d = 1 .. 2 (1 .. 34/4)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 
6+00 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 
0+00 100.00 
1+00 PC 100 .. 20 
2~oo 100.40 
2+34 100 .. 47 

. 3+00 •'100.60 
4+00 100.80 Ill 
5+00 PI- ·101 .. 00 
6+00 100.00. 
7+00 99.,00,; 
8+00 98 .. 001 

. 8+76 .. 97 .. 24 
9+00 PT 97 .. 00 

10+00 96.00) 

~·---. ... ----· 
I 
I 
) 

i 
I 

d Profile Grade 
100.00 

o .. oo 100o20 
-0 .. 08 100.32 
-Oo13 100 .. 34 
-0.30 100 .. 30 
-0 .. 68 100 .. 12 

e=lo20(-) 99.80 
-0 .. 68 99 .. 32 

. -0 .. 30 98 .. 70 
-0 .. 08 97 .. 92 
-o .. oo 97 .. 24 

o .. oo 97 .. 0p 
96.00 

I 

'h.u ---------

PC. 
'tN 

:_ ...... ___ ___0_. __ ---1 
' ..... ~ 
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Example - Effect of temperature on tape 

A line measured with a steel tape under a tension of 

10 lbs was found to be 624 .• 53 ft long when the mean tempera-

ture was 750 P. ·~ If the tape under a tension of 10 lbs at 

68oP was 100 ft long, compute the correct length of the 

measured line: 

Corrected distance = 624.53 + 0.03 = 624.56 ft. 

i.e., the correction is added to the measured distance 

because the tape is too long. 

I 

I{,the same line had been ~easured at 55°F, what would 

t~~ corrected length,be? 

c.~~ 0.0000065 X 624.53(68 0..55 0) = 0.053 ft. 

corrected distance = 624.53 Oo05 = 624.,48 ft., 

i.e., the correction is s~btracted from the measured - ' 

distance because the tape is too short. 
) 



Differential Level Homework Problem 

Pill in the missing readings and elevations. Shaw the 
checking procedure. 

Sta. B.S.(+) H.l. F.S.(-) Elev. 

B.M.#l 2.50 100.00 

T.P.#l 101.21 4.54 97.96 

T.P.#2 4.00 . 99.56 5.65 

B.M.#2 3.17 



slope Stake Homework Problem -
Given: Grade elevation 

H. I. 
Rod reading Lt~ 
Rod reading Rt. 
Rod reading I; 
Side Slope 

= 99.25'(28' roadbed) = 100.78 1 

= 2.9 = 7.5 = 4.6 
1.5:1 

Required: Location of slope stakes from ~ and ground 
Plevation at slope stakeso 

~ 

I 
I 



V1·rdcnl 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 0 + 00 

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

Station Tang.Grade d Profile Grade 

0 4- 00 

1 + 00 

2 + 00 

3 + 00 

4 + 00 lOQfOO 

5 + 00 
(\ I 

i 

6 + 00 " 

7 + 00 I 

" - -
8 + 00 

'• '1 



HIGHWAY DESIGN I 

General Remarks 

procedures for, .. handlin.g Highw~y Co.n.&truction 

The State.Highway Department i~ primarily an organization 

for the construction and maintenance of highwayso Under the 

Department 8 s P.()licy for the construction of proposed hig~way 

projects, there is open to the Engineer two methods for obtain­

ing the. desired resultso These methode areg 
' 

(1) The enactment of a contract between the Highway 
' ' Department and a responsible Contr~ctor\on th~ 

1, 'basis of a low bid submi -rt ed o 

(2) .The performance of.the ~esired conatructi~n by 
.. ' 

';State Maintenance forces on a day labor b~siao 

Both mcthoc;Js produce sat isfacto.ry. 1 results~ however, there is 
• J, l ·, 

a defi!lite time rmd place where e~ch should be usedo ,Aa t
1
he 

type of pl~ns and specifications t,o be prepared are depend,ent 
' . 

on the me~~od of construction employed 9 it is neceas~ry that 
' ~· ~.. \ .. 

this be giyen ·first considera:tiono 1~he prime factolt' fo1r .cone:; 

sideration;-in detexmining the met~od of con5txuction to be 

employed i~ economy and other factors having a dir.~c:t bearing' 

thereon. for • project of any si~ep the aforementioqed factors 

would defi~:ite1y indic~te the em1ctment of a Contract" Con= 

structi-on.:: py eentract·"·methods rcqui·res the preparation .. ·of. 

a properly correlated !Set of plan~ -and specific&tions in order 

to definit~ly outline wh~t the Contr~ctor wi11 be expected to 

39 



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

constructed proje~t. \fuere construction is to be performed 

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

to submit design data forms and project estimates. 

B. 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 simpli• 

fied to mean a definite method of procedure wherein it is 

stated or sho\~ where the project is tb be constructed and 

what is to be done. It can be said th~t basically the ele­

mentary purpose of construction plans 4-s to portray the project 

and provide sufficient detail for. the iogineer-Contractor 
' 

team to constrp~t the job. Items and ~rawings should be 

shown in enoug~ detail to avoid causing a possible increase 

in bi~ prices because of an uncer~ainty as to required coD­

struction proc~dures. The plans ~lso finally provide a r,cord 

of the project ~s built. It can be se~n that simplification 
' 

can be effectep, by including in the pl,ns only that which ,has 

direct bearing
1 

pn the construction of ~he project. Speci(ications 

in conjunction with plans particulariz~ or name in detail .how 
1 

the proRosed .. wpFk is to be done and, i~ some cases outline 
'' 

when the desired construction may be performed. Certainly, 
~ r 1 ,... 

a properly correlated set of plans and ,and specifications 
' 1 

are condUci~e to the construction of a~good project. 

40 



Higl:".M;.:y pla:.:.s ::.::.:2 us1.:.~:1y prepa1.·ed :1..n a standard form
9 

and the methods employed in graphically presenting the design 

are generally the bame~ Each integral part of a set of plans 

w1 11 be discussed recognizing t~at evexy project presents 

various problems as to what s·hould be shown on the plans as 

well as how it should be showno 

11· uan .Elements 

;\. Title Sheet: 

1.. Function 

T~e titl8 sheet and the first sheet of a set of plans 

are a rather important part of the planso It is repro­

duced by photostating or blueprinting more times than 

any ot~er single plan sheet~ The function of the title 

·' f page 1s several old: 

(1) It locates the project by limits and layout 

sketch to an indicated scaleo 

(2) It shows the type of work proposedo 

(3) It defines the job with regard to project, 

control? ar.d highway numbers. 

(4) It summarizes project lengths of roadway~ and 

bridgeso 

(5) It shows detourso 

(6) It indicates code.number and location of detour, 

barricade, and warning signso 
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(7) It denotes equations and exceptions. 

(8) It 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. 

This information when placed on the sheet in proper form 

fulfills all requirements for an adequately informative 

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

Plate 1 is us~d primarily on the more heavily traveled 

highways of t~e State and is 22~1 x 3Q" out side dimensions in 

size, and P+ate 2 is used primarily on the Farm to Market 
r ~ 

Road highway ~ystem and is half,scalt:; in size. 
-

2. Designation of the Project 

In ordeflto identify the projecl, a block of index 

data is showv5in the upper right hang corner of the tit~e 

sheet. The hfading in ih~s she~t in~ex clearly shows the 

data which is to be placed ther~in. nThe project number, 

whether Fedef~l project or State pro~ect, is shown in this 

index and sh?:vnat other points. on t~e title sheet. The 

prefix desig~~t-ions and·· numbers, used ,in identifying a 

project numbe~ ·will not be explained .at this time due 
·' 

to the variou~ items to ~onsider in establishing a project 
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number. The numbers appearing under the heading of State 

control number consist of three numbers~ The first two 

numbers are part of the sys.tem of numbe=:i:t;.g ld.ghways and 

is known as the control-section numbering systemg The 

primary purpose of the control system is to provide a 

practical and permanent system of recording which will 

permit ease of reference ind positive identification of 

all inf~rmation.and statistical data pertaining to the 

maintenance and construction of State highways~ In the 
-

controt-section numbering sys~emp the term ucontrol 

numbef: means a definite sect~on of highway with :well.,; 

defin~~ geographic terminio <;ontrol numbers vary in 1 

lenglp,, usually from SO ~o lOQ miles. The term "cont~ol 

section" means a definit~ por1ion of a control number with 

well-d¢fined geographic ~ermi!ili within the establ~shed 

limits of a control number. Control sections also var,y 
... 

in le9ith 9 usually from ~0 to~15 miles. One or more ~nt~ol 

secti9~s comprise a cont~ol n~ber. The· last number o! 

this ~1oup of three numbers i~. the job number. The term 

"job :q.lfmber" means the· number ~assigned to each C0
1
nt ract 

or dar< labor job under a cont~..ol · sectiono As man;.y job 

numbe~~ may be assigned under ~a control section a.s there 

are dt~ferent or successive c~ntracts or day labo~ jobs 

enter~g into. The high~y number completes the infor ... 
~ ' ,. 

mation Jhown in this ~lock of ~ndex datap The pr~fix to 
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the highway number may be any of the following: "I" 

for an Interstate· highway, "U.S." fqr a u.s. numbered 

highway, "S" for a State highway, ttptt for a park road, 

"L" for a loop, "SP" for a spur, and "P.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 control 

section numbers, but also shows\the limits of the project, 

the type of w~rk proposed, and a su~arization of the net 

length of project. The net len~th o~ a project is the 

end to end distance of the project, excluding lengths of 
' ' 1 

exceptions 'lil'fi taking into account all equations. 'l'he 

lengths are s~own in feet and m;les.~ Exceptions are 

those areas i7;1 which no work is ,donetand equations are 

those points 9n the highway centerliqe in which it is 
' ' ~ . 

necessary tol~ake one highway slatio~ number equal to 

another high~~y station number, a st~tion being equal to 

100 feet in 9tstance. A list o( equ~tions and exceptions 

is generallyrf:ound in the lower cente' portion of the 
' "~ 

title sheet •. ,Referring to Plate 1 an,d the lower center 

portion of t~! sheet, a list of ,equa\ions will be found. 

The first .eqvation listed begins with Station 1096+23.80. 
,: I > ' 

This ~ean~.l~996_~tation~_9f lOQ-foo~ lengt~ each, plus 

23.80,feet. rhis __ equatiC?~ .. meanf!,_tha~ at on~ point v~ the 

44 



highway centexline 9 Station 1096+23o80 is eq~~1 

to Station 1096+25~13o 
/ The terms back and forward 

help detexmine whethez oz not the equ:srtitl)n ifl!> ~ plus r.:?= 

quation ox a minus eq~~tiono In this pa~ticu1ax ~ase 9 

this is a mimlls equation becauase the fox\'Jalll'.'d s.tation is 

larger than the back stationo The loss in distance is 

equal to the difference in the stations and this 1o5s is 

considered in determining the length of the projecto The 

total length of project .. olrll Pla'!Ce 1 is aepaxate(~ ilt'lltO xoad­

way and bJCidge 1engtho Tlhis i':s tx1tlle o:m :s~ll jobso A 

structure is classified ~s a bX'idge if the cle~r span length 

is gxeated than 20 feeto 

3. Index of Sheets 

The uppez left hand cozner of the title she~t conteins 

an index of plan sheets and offers a re~dy means of locating 

the needed p:ax:t of the p1anso This i:ndex ·is fairly well 

standax:dized 9 and it c~n be e:~~:pect~E:d t(O follow the same 

order of plan pzesentation on all jobs~ 

4o Othex. Data 

Rec::en.t pxactice lv~s eH .. ttd.:na~t ed the !!)bowing of ra:ft 1=. 

road ~'livery points and specification noteso Genera11y 9 

the r~ilxoads serving an area are shown on the 1ayout 9 and 

this w~11 be sufficient ~·to allow the eliminatiol(l of tQ.e 

data called r~ilroad delivery,point~a 
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S. Layout 

The plan layout of the title sheet shows the project 

in such a manner that the location and limits can be easily 

identified. This is the most important function of this 

sheet. The information shown in 'the layout should be 

fairly obvious, considering the explanation given to 

other portions of this sheet; howeverp the item of barri­

cades and warning signs requires some attention. The layout 

generally shows the location and types of barricades and 

warning signs for the protection of traffic attempting to 

use the road ~~nd for all traffic on intersecting highways, 

county roads~~r city streets. The details, location and 

use are covered on standard plan. shee~s, and in the case 

of Plates 1 and 2 are identified in the sheet index by the 
I I 

prefix BW. TAe coding of the barrica9es and warning signs 

shown on the 1~ample shee·c s is co;vered by the standard 

drawing. Prq~ects having some types ~of const.ruction and 

complicated <;~.tour problems may requi,re the additional 

coverage of warning signs in other parts of the plans 
' ~. ' 

or coverage ~~ a special provision, w~ich will be 

discussed later. 

B. Typical Cross Se,c.tions 

1. Function 
', I! 

The typ,i,cal cross section sheet,. is a graphic 

representation of a project as it will appear upon completion 
.' 

.of the work in that contract. 
' 

It is intended to describe . 
what is to be .done~ and where it is to be done, yet 

I 

46 



sufficiently general to cover the various topographic~! 

conditions encounteredo Generally, the roadbed portion 

of the section2 that is 0 t~e width from c~own line to 

crown line~ will be constant throughout the projectv and 

the other portions of the sections merely illustrate the 

methods employed in preserving this constant travel wayo 
\ 

Three sample sheets are presented for illustrative 

purposeso Plate 3 might be used for a farm to market. type 

road, Plate 4 shows the typical sections for a freeway, 

and Pl~t~e 5 illustrates what might be called a multi-

purpOsEt ;,Sectiono. 

~2. Classification and Types . 

~~e typical sections are pivided into three general 

classif~ations; rural 1 urbanp ~nd special, which, in turn, 

have f~ur general typesp regular, cut, fill, and side hillo· 

Genera~-.l:,y, the number of typical sections are reduced to 

a minimu~~ One method of accomplishing the reduct~on of 

typical ?ections to a minimum is illustrated by Pl~te 5 

where f,or a given classifi1catioi?ll rural under this .condition, 

all the; ~ossible types of section have been combined into 

one sect~ono This idea provides a method whexeby all in .. 

dispensa~le information can be ~ortrayedo Duplication and 
I !i 

unessential details are elimina~ed, and the best possib;e 

arrangement of data is provided so that the projec1; can 

proceed from inception to completion in an efficient mannero 
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3o Governing Slopes 

For each section 1 the governing slopes are shown 

as the maximum slope and the. usual slopeo The slope of the 

roadbed portion of the section is fixed except for speci­

fied var~ationso This is illustrated by Plate 3o Typical 

section number 2 shows the slope of the roadbed portion 

to be 5/16 of an inch per footo This means that the line 

referred to falls 5/16 of an inch for each one foot of 

· horizontal distanceo ·The slopes leading away from the road­

bep portion Q£ the section axe called the side slopeso 

The value of .~he slope shown as 6gl is a ratio and is 

stated as 6 ~Q lo This means t~at the line referred to 

falls one fo<;>~ for each six feet of qorizo~tal distanceo 

All of the s~9pes shown on these sec~ions represent the 

various cond~~ions encountered in designing the detailed 

cross sectio~so These typical sectiqns are simplified t9 

show at a gl~qce the type of imJ;lrovement and the general 

method of its .executiono The detailed cross sections 
~ > 

ref erred to '\li',e not part of the plans and will be discussed 

latero Another slope that is shown o~ this sheet might be 

mentioned at t,his timeo This s~ope i~ shown under section 

number one a~d is adjacent to the ri~pt of way line and 

slopes from t~e back of the ditcho This slope is called 

the back sloJi>~"' 
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4• ·· 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 profile sheetso This is also true 

for ditch elevations and grades unless the ditches a~e 

constucted at a constant depth below the profile grade 

lineo 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 5o There are 

exc~ptions to this condition as shown on Plate 4 under 

section number lo The profile elevatiolll is located at the· 

ins~de edge of the pavement ~f the freeway main, 1anes 9 and 

in the case of the left; fronttage road where the base is not 
' 

plac;ed in the present contrarctp the profile elev:atio,n 

rep;esents the top of the fu;tu:re baseo In all .cases, care 

mus-t be taken to insure cooxpim tion between t~e typ~cal 

sec1:~ons and the grade line p.hown on the plan P.xofil.e sheetso 

Also, the detail cross sections which are not part o! the 

pla~~ must be pxopexly coox~inated in the same .xespecto 

s. Erosion Control 
';_ 

.. The· sample typical section.sheets do not show any type 
., .I ·' . • 

of ex-osion control a The ·1o11gitudinal limits and othe·r 
' ' 

inf~+mation necessary to pro,vide erosion control ar~ included 

else~here in the plans and specificationso 
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6. Surfacing 

Most plans provi.de for what is known as a turnkey 

job. This· type of proJect not only provides for the grading 

and structures 9 but also includes the surfacingo The term. 

surfacing 9 used at this point of the discussion 9 includes 

all of the·layers of material placed above the dirt sub­

gradeo Referring to Plate 39 section number 29 shows the 

dirt subgrade of the roadbed fixed by dimensions 9 slope 

and its relation to profile elevation. Section number 3 

shows the proposed surfacing. Proposed is a 5~inch layer 

of Type B. Ro~~bed Trea~ment to be plated to the dimensions 

shown and- est,l,mated that approxi~atety 77 cubic yards per 
' station will ~e required to obtain the section indicatedv 

and the· t.op ~~yer of material is a. fo\lndation course es- . 

timated .. a.s shown with., . .asphalt pl~c.ed -thereol'lo 

c. General Notes· an~: Specification Data 

lo Function. 

The Gene~al Notes and Spec~fica~ion Data Sheet of 

plans is prov~~ed for the purpose of ~bowing all essential 
' 

information required to suppleme~t thr specifications and 
. • ~I i . 

to show ~ener~f proje~t noteso Th~s ,beet is reduced in 

size, and incorporated into the proposal so that interested 
.... -. • t .• .•. ..... ~ 

parties 9 such,: .~s material suppliers 9 ~an obtain material 

data along wil~ the proposalo T~e pr~posal is part of the· 

contract and fs a form which includes 9 among other things, 

the offer of the bidder giving prices !for performing the 

work describecJ.in the plans and speci(icationso 
I·; '~ ~ 
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2. Specification Data 

Plate 6 has been completely filled out in order to 

demonstrate maximum usage of the specification d~ta formo 

In the upper portion there is ablock provided for grading 

and soil constant requirements for vatious bid items in 

tlie contracto The item number and type of mate~;a1 is 

shown for each coverageo All other items on this chart 
' 

are either required by the specifications to be shown on 

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

specifications. The items included . in this chart will be 

explained in another lectu~eo n 

3. Otper Data 

, . The table in the. center of the sheet shows the com­

paction requirements ~hen ~he density control ~meth~d of .. ' 
.. 

co1~paction is used. The Ofdinary and density !_cont~ol 
I 

m~~,pods of compaction have~ been included in t~e em~ankment 

it.~m and most of the .flexible base itemso Th~ pay ~ item0 

or bid item if you 1i~e 11 w~ich is the phrase ~pecified in 
I. : 

t~E1 payment section of the specification unde~ whifh pay= 

m~t will be made, will geperall,y reflect the ,type , of . 

compaction method requiredo The two cases shown in the 
. I. 0: ll ~ 

example require that ·all cpurses of the base ~ater;lal 

sh~ll be compacted to, the ~ensity indicatedo ) 
I 

1
q The table in the lowef left _hand corner ~s fo~ 

desfribing the surfac·e tre~tment to be usedo This ,block of 

da~~ is self-explanatoryo 
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The block of data in the lower . right hand corner 

includes information pertaining to an erosion control 

item. This specification item ~ncludes many types, and 

it is nece~sary 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 t .he type and quality of 

work which will be required ~f the Contractor , including 

requiremetl..ts ,not covered specifically by .the stan~ard or 

special ~ecifications. The not~ are usually numerous, 

and in o~qer to provide a ready r.~ference, each note ropens . 

with a r~erence to the affected specification item number. 

. The rspecificat-ion data :sheet ; for farm to market • r oad 

plans inclpdes the same info~mati~n presented in the 1l as t l 

two examples, exc~pt that the arr,ngement is differe,t. 

o. Estimate and Q~antity · 
' .. 

1. Punction : ~ 

The !Stst imate and Quantity Sh.eet is the result o~ all 

the plann,ipg. and work . on all othe,f plan sheets. Thi~ means 

. that this., ~heet. is the last one ptepared in its. fina; forf• 

Here the 9~antities of the v~riou, classifications a~e . . 

combined ~o-obtain · s total estimate of the quantities 
,; 

from .which _ the estimated cost of .. ~he; ;·prc;>Ject may be .made. 
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The information sho;·m is not only necessa to the 

contractor? but helps insure the inclusion of <:~11 items 

of work in the contracto These.reasons and others 

require the inclusion of this sheet in a set of planso 

2• Contents 

Suromarl.es usually appearing on these sheets, include 

the following: culverts~ bridges, structures to be re-

moved, basis of estimate~ and last but not leastp the 

estimate SUIW1laryo A grading summa:cy is often shovm; 

however, since this is a direct duplication of information 

shown q:q. the plan profile ;sheet.s, this smmnary may not be 

includ&.d in the planso Plate 8 shows a common structure 

summary sheet 11 while Plate 9 snm...rs a partly completed 
I 

estimat ~ suznmary sl1eet o 

3. Summary ,of Culverts 

Re:(erring to Plate 8 and the summary of culverts 

shown on this sheet? it can be seen that this table includes 

many co.l.umns o ?he colu~LS p~eceding the specification 
' 

item colu~Ls include information that is usually optained 

from t~e, list of i;:-dormation shown on the plan profile 1 . 

sheetso ·The speciiication item columns usually apnear 
' ~ , Jll( 

from l~ft to right in the orde~ of specification i~em 

numberso This order of quantity presentation'provides 

not only an orderly sequence 1 but will insuie the inclusion 

of all items and aids in avoidi'g err6rso Most qu,ntities 

in this .. table are tabulated from information shmm, else"l' 

\'ihcre in the plans o The it em of unc.iassified stru¥tural 



excavation, however~ requires a computation utilizing 

information from various sources and careful consideration 

of the construction specification which specifies the methods 

and limits of measurement. 

4. 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 compute, riprapp involves 

a difficult, computation, because the material is placed 

upon a surface known as.a header bank, which is an area 

of irregular ~hape. Errors are possible in riprap.quan­

tities, not only because of the difficulty in computing, 

but often ~~e pians are not clear if the riprap drains 

placed at ~he ends of curb and gutter approaches to 

bridges ar,~ included in the quantities shown in the. table. 

5. Estimate Summary 

Plate ? shows a typical estim~te summary, even. though 

the sheet is only partly complete.[ This summary is the 

result of atl the planning and wor~ on all other plan,shee~s. 

This summary is also the basic document or •.•root" from 
r 

.which all letting and contract inf9rmation will be. taken. 
I 

The items afe shown in numerical o~der, with the item, 

description 1corresponding exactly ~othe terminology used 

under upayl)lent" in the specifications ... They are abbrEfVi­

ated to correspond to the Index and.code 'to spec~f~cation 
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~id items which is a supplement to the standard speci­

fication book~ Separation of quantities indicated on this 

sheet are urban from rural~ road~ay from bridges 9 and 

other possible separations are participating from non-

participating, and one project from ancthe::::·, whe:re more 

than one project is included in the cont~act. The table 

is completed by showing the unit measurement and the 

total of quantities o The decimal. p:L;:;,:;e;::,s usually involved 

in the showing of quantities is as fo ows: Clearing 

and Grubbing - to nearest 1/100 (0 .. 01) acn::ll Excavation -

only to nearest yard? Road Gr8der - to nea:;est 1/100 

(0.01) station, Concrete - to the nearest 1/100 (0.,01) 

cubic, yards, etco 

~. Plan and Profile 

1. Funct i.on 

P.robably the most important sheets of a set of plfins 

are the plan profile sheetso While they alon-1~ are not. 
' ' 

sufficient for the const:r.uctio41 of a project~ the inform-

ation 9hown thereon has a dirert effect on the ra~e a r 

projec~ moves during construct~ono These ·sheets ~epicf 

the vertical and horizontal plfnes along a centertine on 

which ~he project is to be constructed. Such features 

as are considered necessary to establish a clear outline 

of the work to be done are set up along these two planeso 
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2o Contents 

The three components of the plan profile ~b.eets are 

plan view, profile and quantity summaryo This ~ould be 

further subdivided into infor~~tion shown lengthwise and 

crosswise of the sheet Oil t>oth the plan and profile vi~•· 

The information shown should be only that which has a 

direct bearing on the proposed constructiono In order to 

discuss the information shown on plan profile sheetsw 

Plate 10 is introduced as an example from a freeway set of 

plans and Plate 11 is from a farm to market road projecto 

3.,. Plan View 

The plan .~view is commonly d~awn lto a scale of 1 u = 100'; 

however 9 in t·he case of a congested a1rea, where many factors 

will influenc~ the construction as op Plate lOt the uset 

of a 1" =- 50'. 1scale is justified.a Th¢ plan view shows 

existing improvements such as hauses 9 lfences, utilities., 
·; 

roads, railro~ds 9 bridges~ and cuiv~rtsp and proposed 

features such
1
as centerline of roadwap with the stationipg 

marked there9n, the bearing of tange~ts, the PoCo and Poro 

of horizontal curves with the curve data 9 right of way 
'i 

lines and wi~~hs 9 channel easements ~1ogether with typica~ 

sections of ~~e proposed channel? br~dges and culverts• t 

nortlt arrow, ;.~nd equations and ~xceptions a There are 

several things to consider in a~alyzifg the plan view of 

the sample sb~etso The legend ~or 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. One 
~ 

practice that is followed extensively is that of showing 

existing features to be removed, such as roads and drainag, 

st~cturesp with a dashed linea 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 Contractoro -. A feature shown on 

Plate 11 that has considerable merit is the system for 

id~~tifying and differenti•ting between the various cate= 

go~~es of small structures~ It will be noted that ·each 

structure is identified>byca·. number and letter "A 10 tor •vB0
' 9 

t:n~~latter denoting whethelf it is a proposed new structure 

or 1 ~ structure to be remov~do This system el~mina~es the 

nee~· of duplicating the. de~c;iption of, each structqre on 

thflplan profile sheet ~ndEis a time savero ~his system 

is ~arried into the S¥mmary sheets of the estimate.and 

qu~ntity section of tbe pl~nsa 
~ (' " 

4. Pr?file View ~ 

. The profile view.;is shown to the same horizontal scale p . . Iii 

The vertical scales for use with the 
~ " 

aforementioned horizontal scales are 1" = 10' or lee = 5 11
o 

,: . i; . r. > 

l'he ,
1
profil,e view show~ in a~d~ition .to the exi~ting 

1

ground 

lit;1~' sue~ proposed featur~s as g.rade lines o~ the ~roadway 

and ditches, the per cent gradient and vertical cu(Ve data 
( • t 
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when required, location and description of structures, 

exceptions and equations, and ground and grade elevations. 

The legend for showing feat~res in the profile is usually 

not shown in a set of plans, but common practice is repre­

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.., Other lectures 

~11 help explain some of the features in the profile view. 

S. Quantity.1 Summary 

Th~1 quantity summary is re$tricted to that area of1 

the she~~ between the plan and the profile views. rThe 

usual i~~ms which are summarize~ on these sheets are: 

(1),. 
.A 

r 

Clearing and Grubbing. with limits indicated , 

left or right and usu9lly shown by sheet total 

, ~ only. 

(2) 
'· 

Earthwork, shown by tbe cubic yard for each . . 

·· ,. station, or 
, I ~· 

(3-?. Road Grader Work,, witJl scraper work shown by 

sheet totals. 

(4)1 Channel Excavation by1 the cubic yard, us~all~ 

, , shown at one po~nt o~ the sheet with a ·r~fer'1nce 

to another sheet that shows the excavatipn by 
~ 

the cubic yard ~or eafh station. 

. 58 



(5) Overhaul? shown by sheet totals •• 

(6) Miscellaneous items, such as right of way markers 

shown by sheet totalso 

On some occasions, the plan profile sheets include 

notes pertaining to unusual featureso These notes and a 

list of the bench marks are commonly grouped in the lower 

right hand area of the sheeto 

~. Haul Diagrams 

1. Purpose 

Haul diagrams are used for the purpose of either 

determining haul on earthwor~ or haul on flexible base 

materialo 

2. Flexible Base 

At the present tim,e 7 in~ this area~ haul required on 

flexible base material secur~d from local pits is se~dom 

paiq for directlyo The haul, when measured for payment 9 is 

paid.for by the Additional Quarter Mile Haul which is 

measurement for hauling material into each quarter mile 

beyo~d the first quarter milp, based on the shortest, 

praGt~cal haul route betwee~ the center of mass; of t~e 

desig:nated or approved material source or sources and 

point of delivery on the road.. This computation in a 
' I 

condensed form is the multiplication of the average haul 
I X 1 r 

to the pit times the amount 
1
of mat.erial from the pit;.. The 

haul is usually shown by a table instead of diagram form 

and commonly placed on the &ummary sheets. The. table may 
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include the pit desiguatio& 9 station of entryv station 

limits to be used~ dead haul~ ~verage haul 9 quantity of 

base material required 9 additional quarter mile haul 

and clearing and grubbingo 

3o Earthwork 

The haul on earthwork is paid for under the item of 

overhaulo This quantity is determined from what is known 

as the mass curveo These cuxves and the calculations may 

be shown on individual plan ... sheets or may be shown on the 

plan profile, ~heets in a location between the profile 

view and the summary of quantitieso ·Plate 12 illustrates 

mass curves shown in the last mentioned position in the 

planso The mass curve is essentially a series of lines 

connecting the accumulated total difference between 

excavation and embankment at the various stationso It is 

plotted from a base line which may be taken at zero exc~:"'· 

vation at any point on the highway lengtho The haul is 

the work done in moving excavated material to place it 

in the emban.kment., The overhaul is computed by multi= 
I ' 

plying the number of cubic yards of material hauled times 

the haul length (minus the free haul length of 600 9 ) 9 

converted to quarter mile:s and/or flt'actions thereof o 

G. Bridge Layouts 

lo Function 

The function of the bridge layout is to supplement and 

correlate the bridge details in a 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 

ready 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. 

2. Plan View 

Bridge layouts are provided for all structures over 

20'. in length; however 9 only in rare cases are they shown 

for multiple box culverts of bridge classification.. Tl.}e 

lines $1:lOwn in the plan view o~ the layout that wiggle .. 

around(~nd have figures shown ~hrough the line? are known 

as co~tour lines. These lines 1represent the form pf the 

ground surface and pass througq points of equal elevat~on. 

Contou;:lines will be fou~d On)the layout only in,cases 

where the ground surface is irregular • 
• 1 

Two views of the proposed rstructure are necessary .. on 
..i"' • ·-

the layout to convey the major ipart of the informa1tion~ 

The pl~lf view shows the struct~re as seen from abo
1
;ve. j'rhe 

scale ~?mmonly used is l" 
1
= 10'~ and l" ::: 20' in both hori­

zontal .,nd vertical direc~ions.. Superimposed on t.he CO)fltour 

lines? .if any 1 or on any existing topography that might 
~ •. ~ l • i! 

This 
·1 

be sho~ i~ the plan view of t~e proposed structure. 

pictur~ of the structure shows .. the centerline and :gene1:al 
.t, ' I ~ ' 

outline. of the· structure? curb ;lines 11 wingwalls; ·:approach 
'• I 1.. 

to the bridge features~ and the outl"ne and general makeun 
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of the substructureo The superstructure of a 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 o The general outline of the S!J.pe1'5t ructu.re 

is dimensioned 9 giving the clear ~oadway or cu~b to curb 

width 9 curb or sidewalk width 9 and the over=nll width of 

the structure. The location and type of all ex~ansion 

joints such as armored joints o~ finge~ joints 9 are Bhown 

in the plano The header banks at e~ch end of the b~idge 

are shown along with the values of the slopes and the 

type of slope protectiono Only a po~tion of the substructure 

is shown in a plan viewo Considerable miscellaneous in­

formation also appeaxs on this view of the stxuctureo 

Notable amopg these items is the test hole for soil ex~ 

plorationo 

3. Profile View 

The profile view is located in the bottom one=half 

of the sheet and may show ei the& a 1,ongi tudinal section of 

the structui~e along the centexline of the roadway or a 

side elevation of the bridgeo Either view shows the outline 

of the superstructure~ including a portion of the railing, 

top of curb 0 profile grade 1ine 0 maip load=carrying girders~ 

trusses, slabs 0 or other such members!? the outline of the 

substructure 9 including bent caps 0 piers 0 abutments 9 columns, 

footings 9 shafts and pi1ing 11 and fiY""·ally the profile view 
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shows the appr_acd. embankment .with .. the abutment wingsp 

heider banksp ~nd slope protection .. 

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 

~nd type of each structural unit making up the b$idge .. 

: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 p.Qted 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 Pl\efix:"T/C" 

to indicate top of cap. If~the top of cap is level or has 

a constant slope 9 the elevation of the top of ~ap Of pier 

is labeled on the profile viewp In the case of slo~ing 

cap:sP this elevation is the~ centerline of the cap UlJlless 

indica ted otherwise. There (are conditions wher,e ·1.:~ .. top 

of cfp elevation may be giv~n in a table on the she~t a.:, 

in t~e sample sheet or: may ~e given on the sub~t ructure·· 

detail sheets.. Considerable miscellaneous 'information also 
' ~ ' ~ 

appears on this view of the structure.. As mentioned 
i l I' I 

under the discussion of the plan view. notable.among these 
:;: , I' _I 

misffllaneous items is,, the test hole boring sh?wing.rthe 

various materials encountered and the results of the 
'... •j " ' 

pen~rometer tests. 
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Ho Other Plan Sheets 

1. General Comments 

The remaining sheets of a set of plans are identified 

and included in the sheet index of the title sheet under 

various headingso Some sheets ar~ grouped under one heading 

and others are listed .sepax:·~·~elyo The sheets commonly 

listed that have not been ~~scu3sed in this lecture are~ 

map of drainage axeasv roadway details., and structural 

details and standardso Sometimes a sheet called cross 

sections at culvert sites :t.s included in a set of plans, 

but usually these sheets are omitted., because the information 

concerning culverts shom.< on the plan profile sheets is 

sufficient for the Engineer and the Contx~ctoro The map 

of drainage areas is invaluable in designing the st :ructu.res 
I 

required for drainage~ but once the structure has been 

designed., this information usually ha$ little oc no bearing 

on how the structures a£e constructed and can be omitted 

from the plans o 

2o Roadway Details 

The roadway detail sheets includ~ concrete pavement 

detailsp intersection layouts 9 and other roadway features 

for which sp~cial deta'ils are necess:a:ryo The concrete 

pavement details are standardized for this area but are 

modified at frequent intervalso 
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3. Structural Details and Standards 

The structural details and standards include those 

sheets that are pre~~red for the project and those sheets 

that are used State=wide and modified for the projecto 

The details and standards prepared fo~ State=wide ~se are 

identified by symbols and can be easily identified in the 

sheet index of the sample title sheeto Referring back 

to·the title sheet sample 11 Plate 1\) sheet number 95p is a 

standard detail for concrete headwalls for pipe culverts 

and 1is identified by ·-the symbol CH-11 .o 

4. Example 

. , ~ These remaining:. sheet g:; of a set of plans ~re numerous o .. 

B~G~use of the lack ~f time& only one of these sheets will 

be~discussedo This sheet ~ill serve as an introduction to 

S!~qctural details a~d stanpardsa Plate 14 is 1 a stfndard 

d<:~ ~i 1 of a mul t ipl~- qox cu:l VP.rt 9 recognized by the;; symbol 

MC ~-1., This structure is a reinforced concrete box cul-
·t J .e 

vert, and the quantities to be obtained from .this detail 
.... -1 J .• • ~ . I 1' 

a:~1 
1 
concrete by the cubic ~ard and reinforcing steel by 

th.y 
1
pound Q 

The standard covers tbe details for a multiple box . r. . 

culyert with sv spans 9 heights from 2G to 5° and 2 to 6 
. (. ' 

The sheet titte inrthe lower right hanp cor~er 
I 

sh_?lfS the span and height qpverage and the height of fill 

al~?wable over the culvert"\r The span and heigpt of the 

bar~els on this detail a:re designated by the letters "S" 
\ 
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and nwt in the various SeCtio:r-' views and in the table that 

summarizes the total quantitieso 

The plan and elevation views shown in the lower 

half of the sheet show the shape of the structurep 

the arrangement of the.reinforcing steelp .m~d indicates 

the size of the structure and the location of the xein-

forcemento The dimension to the reinforcing steel is to 

the center of the baro .. 

The bending diagrams fox ben1 baxs are shown to the 

left of the section views on this detail sheeto Bars 

that are not included in these diagrams are straight barso 
··r I 

Bars are designated by 1ettex 11 except,, when bars are iden., 

tical other than a variable dimensionior locationo In this 

casep they ap'!, designated by :a letter with a numerical sub.,. 

scripto Bars which have a similar bending pattern are 

detailed only pnce and a.re dimensioned by two or more 

dimensions to distinguish between bar.so 

All bars are summarized in the bill of reinforcing 

steel shown in. the uppe::r half of.this sheeto All of these 

tables are for 44 6 cleax width of structureo See the 

dimension in the plan view for definition of clear widtho 

Each type of b~r is 
' 

listed 17 and the numberp size 11 spacin~0 

length and we~ght is designatede The lengths in this ta~le 

are to the neaxest inch and the we:i..ght to the nearest 

poundo To compute the weight 11 use bar length in feet to 

two decimals and unit bar weight to three decimalse The 
\ 
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unit bar weight can be obtained from the specificatinns 

or other sources in pounds per feet of length. 

The quantities are summarized in n table in the right 

hand center of the sheet. This table, as noted, covers 

the quantities for a 44v clear width structure. Quantities 

for structures of any ctear width, may be obtained by the 

use of the per linear foot figures that are given ·for can­

crete and steel. In determining the steel for structures 

greater than 44 1 clear width, consideration shall be given 

for l~pping all bars greater ~han standard length, the 

amoun;t. of lap to be in accor.d·Hl 

construction ?pecifications 

with the ~r ~w.L :A.\: t r ... 

A~· Composi t i.op. 
··' 

Spe1c~fications should be cleilr, concise, complet_~_an{i 

definite~. They constitute ap eng}neering document iptended 

to convex ·to the Contractor ~he ipeas of the Enginee~, concerning 

the mann~r and requir~ments of do~ng the work. The ~rawipgs 

and spec~~ications should supplement and duplicate each other, 
,1 I 

and together form complete instructions and descriptions for 
. I '1 , 

the work. 

In general, specifications consist of: 
I ) ~ 

(1) Clauses relating to the general conditions unde.:: 
'i r ~ 

. ~hich the work must be ~one. 

(2) Provisions fixing the k~nd of the different materJals 

and methods for determiping such. 

1 
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(3) Instructions for doing the various parts of the work 

to the required standardso 

(4) Statements as to the s~andards required. 

(5) Inspectionv rejectionv and replacement of defective 

or unsatisfactory partso 

(6) Method of measurement of the various parts for payment. 1 

The modern and flexible specifications in use today make 

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

specificationso The necessity for a large number of special 

provisions and special .specifications has:1 been .reduced to a 

minimum. 

B. General Remarks a~p Application r 

The Standard~~pecifications for Road.and Bridge Construction 

bound in booklet'f9rm \'lith a bxo.\V'U cover and part of the highway 

contract, can per)lpps best be discus,sed by considering each it em 

or groups of itempc in their order o( appe11rance in the "little 

bro~ book o" · 

~· Standard Spepffications 

The items from 1 to 9 ·give, the ~eneral requirements 
~ 1 ' 

and cov..enants for_ .. .the contx.act oo These items have been in 

use for man~1 1ears without too ~uch .change. It is 

commend.~d tha.;t th~se items b~ required reading for all 
'I 1>., I 

personnc;:.l o p.~ome ~.h.a~ges of ... ~he1 prevjous specifications. 

are involved., and it is recommended that those who might 
,I f 5 ,1 

be familiar with the previous specifjcations and also 
l: ! ~ 

those unfamilia··r w~ th either edition of the specifications 
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read the portion of the digest and summaxy pextaining to 

these item changes in Administrative Circular Noo 16 ... 61o 

The group of items in the 100 series covers the handlin1 

of eaxthworko All of the$e items provide for some method 

of payment except the item of embankment 9 which is known 

as a reference itemo A refer~nce item is part of the 

contract and is included in the contract proposal on the 

list of specifications ~s show.n Oll7. Plate 15., Here in the 

list of standazd specifications 9 Item 132 11 Embankment 9 is 

shQwn in parenthesis after Item 110~ Roadway Bxcawationo 

~~~m 132 i~ referred .to i~ Item 110 as a reference to 

cover embankment provisionso All reference items are not 

n'on-pay i temso An example, _of this is the providing 

of Item 102p Clearing and Grubbing 9 in parenthesis 2fter 

I~em 110o ··Item 102 9 itself 9 does provide for: pay 9 but 

on 1this p~oject~ this ite~will not be paid foru but is 

r~quired in. the cont~act to cover the provisions for 

c~e,aring and grubbing nec~ssaxy in performing the it~ms 

o~,work un9er Items 110 and 132o 

Item ).10 11 Roadway Bxc:avati,on 11 is used on, most jobs 

t~~t requ~re grading~ Thi~ item gives three ~l~ssifi~ations 
I' 

o~ ~ateri~~o The material classification in this prea 

except fot.;.:..rare occasions ~n the past 9 is .. common road 

e~q;1vation_o This. item proyides for payment that may 

riflect either the ordinary or. the density control methods 
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of compaction of embankment. Thes£ methods of compaction 

are covered in the embankment specification. If the 

ordinary method of compaction is required, then the items 

of sprinkling and rolling required for compaction will be 

paid for. When the density control me~hod of compaction 

is specified? required sprinkling and rolling performed 

will not be paid for directly. These two methods of 

compaction are not only included in the embankment item, 

but are also included· in most of the flexible base itemso 

An item in:the 100 series of specifications that is 

used at times~ (U~d will provide savings. in time and 

labor, is Item 1$2 9 Road Gi'ader \'lork. Care must be 

~xercised, hqw~v~r, not to misuse this ~tem. ~eference 

~8 made to the o~ening cla~se in tbis snecification for 

when to u~e. T~~s. item may be suppleme~ted by the items 

pf scraper wo~kcand/or bulldozer work UQder the conditions 
. 

~ecommended on ~~e specifications. . ' ' . ,. 

Th~ 20? set4es of specifications CC?Ve~s subbase and 

base cour~es. T~e compacti~n i.tem~ of.folling are included 

in this gtoup of~ iten.~s and are num~ro~s .and flexible as 

,can be seen by f'ferxing. to this group ~~ specific at ions. 

The op~Jting cl·ap~e of each specification describes where 
i · I., · ' ' 

used. 

The f.lexib~p base items in this gr?up provide for 

;the use of a. mat~xia.l as speci~i~d; in t~e. s~ecifications, 

o; shown :i.n the~plans on the specification data sheet. 
' . 

As stated in the." discussion of embankme~t, most of these 
It, li1 ' or! 
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':·· 

items include the ordinar'y and d'ensi ty' methods of com­

paction~· .. '·MeasuremEmts' under .thes-e it·ems are'.by'·the cubic 

ya~d·o~ the tono ln~luded in' this grou~ of ;~~~if~cations 

a·re items whi~h·provide fo'x the st.ab.iliz:ation'wit'h limep 

cem'ent, or asphalt.of .e:lthei::··e:Xist.irig'·<:;.r ne~ba~e materialo 

Several bf these · stabi.iizat io~' 1tem~·; are· f±equ.en,tly used 

in thl.s areao 

.Th'e group of . it ems· in 'tne 300' series, inc.l ude~ surface 
' . I' ., • ' • •t ~. " ·• . 1 I . ' 

courses or pavement o ·These specifications allo'w the 

Engineer. a wi.de select,ioh· .of' ra{phallts. ~nd. ·aggreg~·t:~s 

... and cii:id:fererit; gra'de~s· 6'r:,rna.teri~llo .. ,.The surfac~· i~eatment 

specif(ications give a wide choiceo The asphait'ic'';pave-
' • • • • • ~ • •' ~ • 1 ' • .' • t , . , ; ) ,. • • r:. 

· ment•:P'ffers two classes of· mar.terial with 'one of th_e t;ypes, 
f' · I ' ' • ' ' ' "' '" · ; ' .6 ' f . • ~ 

Clas~ AA 7 offering a''hig)1 grade surface requir1rtg 1 density 

'contr~· 'and: another 'bffe~ing ~ hi'gh grade mia'teri~l·~ 

· 'fpe: first' :three ite~s .. of'· th:i.~ grotip: ot 1 spe~ifications 

are non-pa .y· i terns and· a'r'e refer·h~C:l to in''the rema, ining 
, I 

aspha.;lt. spec'if'ication's a?' refetence' i'ternso Ho~ey~rp the 
. . ' 

refer~p6e t~ these·~t~ms 1 is·n~t·~e~tri~i~ct· t6 th~ ~sphalt 

···speci.fications alone· since ·su¢h .. items···as Item. 164~ Serding, 
t L , 

. for. erosion cont roi, . and It em. 280 ~ . Soii ··A~phal t · B, ase, 
' . I• 

refer Fo ~he tlrst item ~f thts.~rou~'oi:thr~e. 

· Tt em 310~·· 'Pri~e Coat.;:. is ·(used aiong with· t·h~: sur(ace 
I ~ , ,.. 

treatment: and asphaltic' pavem~nt 'ftem~p .. exc~p·('in .t.hose 
,t. :1 ~ ·' I 

cases }~here pr:lriling of the base :ls ·.not 'tiecedsa~y; ·:sue~ 

as whe;zt the base is a rig;id-type pavement. 
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The Items, Surface Treatment and Asphaltic Pavement, 

provide for most of the ~sphalt wearing surfaces contracted 

in this areao The surface treatment items most commonly 

used in this area are Items 320 and 322e The items of 

asphaltic pavement proposed in this area are Items 330, 

340 and 350. The surface treatment items provide a pene­

trating type of wearing surface and will be found in use 

on farm to market roads, frontage roads on freeways, 

shoulders, etc. The asphaltic pivement is u~ed on higher• 

type roads other than those just mentioneH. These speci• 

fications~ as welJ., as many others, require some close 

reading~~~ 

The 400 series of specifications is the structure 

i~ems. By referring to the table of cont~nts in the 

standard specifica~ion book, it can be observed that the 

s~ructure items, ,i}l general, are gra;uped ~n a particular 

m~nner~ .This ,nanner of grouping, in ord~r of appearance, 

includes foundat:iron items, concrete and kindred items, 
,( , I ·I 

s~eel and kindr~d :i temsp sewer and kindre,d items, and 

t~mber and miscel:laneous items. This gro~up of· items 

includes many non-pay refet'ence items. A.lso, many of the 

pay items in this, ~roup are used as.refer~nce items as 

dfGCussed under th~ lOO:s~ries of specifi,pationso The 

u~e o~ items as reference items prevails.~ore.in:this 

stoup .. than .!n.any .. other gtoup of st~ndard specif'icat:lonso 
J ... • . ! 
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A reference to Plate 15 and the reference items shown 

after Item 421 will reveal this conditiono 

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 9 which is 

stabilized with cement. The first item, Structural 

Bxq~vation, provides that material be classified or 

notJ classified. In th.is area, excavation is commonly 

not classified and bid as unclassified structural exca-

vat·ion. By_ refexring to Item 400, Structural· Excavation, 

and, to Pla~e 15, anoth.er condition is found for introducing 

a reference itemG Item 40~ includes a reference tc Item 132, 

b'f.\t.; sine e It em 132 is. already in the contract cas a 1 reference 

tq ;Item 110, then this iteJil, Item 132, need nc;>t be,in"" 

clqded again under any bid1 itemo The opportunity ~s taken 

at .. this time to explain th~ remaini~g and fin~l co¥dition 

o~ introducing a refefencelitem on the list o~ gov~rning 
.i 

sp,ecifications and sp~cial!{provisionso Plate ,15 i~clud~s 

the, Item 430, Extending Co~crete Structu~eso ItemP430 

refers to Item 421, b~t si~ce Item 421 is in ~he 1\st of 

spe~ifications as a s~andafd item, then this ~peci~ication 
·-· 

need not be included as a ~eference itemo 
~ 

Use of some of tne stfucture items is illustrated by 

re~Frence t~ Plate 15~· Thf 4~0 series of speqific,~ions 

s~own on this sheet is" user as the pay items ~or t~e' con ... 

str11ction of new culv~rts and the extension of old "culverts •. 
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2 •. 

The reference items needed on this project are those 

indicated on this sheet. 

The last series of the standard specifications is 

the 500 series and is grouped under the he~ding of inci~ 

dental construction. Item 500 of.this group is set up 

to cover weighing and weighing devices. This is a refer­

ence item set up to cover many of the standard specifi­

cations. Some projects include quite a few of the 500 

items; however, the example, Plate 15, illustrates the 

use of only two. The Item 580 shownJon this plate is a 

non-pay item that. is common to most projects. 

Special Provisions and Special Spe·cif i'ca t ions 
•" ~ 

. . 
Even th0ugh the standard s~ecif~ations of today are 

most modern ana flexible, thereiis always the special 

case where itl 1is necessary to utiliz€:! a special. provisi'":l 

to modify a qt~ndard specification. Pr perhaps, it 

becomes necef¥.~ary to prepare'a compl~te special specification 

because none,qf the standard sp~cifiqations covrir the 

construction 1ijroposed. Specifiqatioqs should be modified 

in cases wher~ an economical ad~anta~e to the State will 

be realized.%~ new deve~opments .mak~~arts of the speci­

fication obsq~1ete, or if flaws qevelqP. in the standards. 

C. Indexing and Codi~ 

In the pr~vious discussion.of tae estimate summary,, 

it was.menti~ed that the item descriptions c~rresponded . .. 
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exactly to the pay item as set out under payment in the 

specifications. It was also stated that they were 

abbreviated to corre~pond to the Index and code to 

specification bid items. This system of iadexing and 

coding specification bid items is merely a method of doins 

several processes automatically. ·This system is explained 
. ... ... .. 

in a most thorough manner in the 1961 Specifications 

Supplement No. lv which came as an attachment to 

Administ ra t':i.ve Circular No" 29-61" This mat erial ia 

.~recommended· for reading o: 
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CONSTRUCTION INSPECTION I 

pundamentals of Inspection 

~. Duties of Inspector and Rel~tionship· with Contxactor 

Item lo7 of the Standard Sp~cifications defines $n inapector 

as the authorized representative of the Engineer 9 aa$igaed to 

supervise and inspect any or all parts of the work and the ma= 

terials to be used thereino Item3 5 and 6 of the Standard 

Specifications also include definite references to inspection 

requirements and the relationship between the Inspector and the 

Contractoro Item 5~ Control of the Work~ has a paragraph (Item .5o8) 

in which t~e authority and duties of the inspectors is outlined in 

detailo , I~ is this paxagxap~ tha~ establishes the legal position 

of the Inspector within the contr~ct between the State an4 the 

Contractor~ Inspectors are autho~ized to inspect all wor~ done 

and all materials furnishedo Sucp inspection may extend to all 

or to any~part of the work and to~the preparation or manufactu~e 

of the mat~rials to be used.:.r The:primaxy duty of th~ In~,ectOJ: 

is to obsFrve the work and tp report to th~ Engineer as tq the 

progress p~ the work and the man~~x in which it is being d~neo 

He must ~t~o report whenever it appears th~t the worlt bei~g done 

or the ma~frials being used r~il ~0 ~omply with the requi~ements 

of the pl~rs or specifications an? to point out to the Coqtractor 

any such f~ilureo Item 5o8 furth~r points out that this ~ns,ectioR 

.does not f'lieve the Contractor of the respon$ibility or pbli= 

gation to fulfill all terms and requixementso Naturally, 
' l " 

in the normal course of eventsp there will be differences of 
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opinion between the Inspect04: &nd the Cont .ra•_ ~(H' .t::: 

compliance to the sp-ecifications.. In this eveut~ t:~ccu;rding 

to our Item 5.8~ the Inspector has the authority to: 

(1) Reject the materials 

':he 

(2) ·Suspend work until the 'question c~n be referred to 

an~ decided by the Engineer· 

This item very definitely~laces a limitation on the 

authority of an inspectoro The Inspector shall not have the 

authority to zevoke» enlaxge& or xelease any specJ.f1cation or 

plan Jequireme~t, nor shall he have authority to approve~or 

accept any poxtion of the worke He wi11, in no case 1 act .as 

foreman ot PE::~f9rm othex duties fQr the Contr~ctoz nox inter• 

·fere with the ~-~agement · of the work. 

·Item 6 o((the Standard Specifications, entitled Control 

of Materia~~~ sets out the authoxity of the Inspector insofar 

as in~peotioQ of sour~es of supply and•quality of materials. 

Paragraph 693 qf this Specificationp eqtitled Plant Inspectionp 

sets out the <:~qdi, tions undeJC whi<;:h thq Engineer may '.mdeli't ake 

the inspe~tion 11 ~f materials at th~ sou!iceo It is understood 

howeve~, that'' obligation is assumedlto inspect materia~s 

in that ma~ne~i~n any project~ ~ 

· The conditions under which pl,ant inspection will be under• 

taken are, as e~~mer~ted ~n Item 6r3o 

Item 6.4 9 PFntitled Storage of Mat~rials, sets out th~ 

authority of t~r ~nspector in reqvire ~hat all materials 

shall be so ~t~~ed as to insure t~e pr~servation of their 

qual~ty and fi~~ess for the \'IOXk •. All \stored· materials 

shall be so loc~ted as to facilitate p~ompt inspection. 
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Construction inspection insures that proper methods and 

materials aie being incorporated into the work. Highway con­

struction is a very costly. i~e~·in the tax dollar. Therefore~ 

the taxpayer' is entit,led to receive a dollar's value for a 

dollar spent·~ The construction inspectors and engineers must 

see to this. An ~nspector may b~ charged with the inspection 

of mai~rial; or ~ork ~hat ~osis many thousands of dollars. 

This is a large responsibility and each inspector must always 

conduct himself and b~ aware of all the requirement~ ~f.both 

plans :and specifl.c'atioils. and to insure that the money spent 

by tht:~,taxpayers will receive ·fair value. 

Prope~iin~pection r~quires: 

I , I'. 

· · Gl) Knowledg·e of plan all9 ·specification requirements. 

(2) · Ind.ividu~l ini t:iativ~ 'and judgmtmt. 

(f3) Hard work. 

It doe~~ not require: 

~1) · H~rd~tioiled att~tudes. 

(2.)' · Constant bicker~ng. 

(3~· Overbearing manner. 

The vast=majority of contractors are honest businessmen 
~ 

striving to make a profit in their line of work. Most of them 

are re,a;;onable and all respect~ a· skillful, competE!nt, ~nd 

hard-w~rking State inspector •. ~There will be· disagr'eements 
. ' . 

betwee~ a contractor and an inspector, siric~ no two people 

think 'like~ This ~hould not, in any way, interfere with the 
.. 

fair anC:l·impartial inspection Qf job construction • . ; 
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B- Governing Contract Requirements 

The Plans, Specifications, Special Provisions, and 

Supplemental Agreements are essential parts of the Co1at~ac 

apd a requirement ~ccur.i:in.g.:inOOllte·is as binding ss owug,. 

occurring in all~ In cases of disagreement, figured dimen~ 

sions shall govern over scaled dimensions, plans shall govern 

over specificationsp and special pro.visions shall govern over 

both specifications and plans.. The plans will show, ) ·~~•ail, 

the work to be &ccomplished under the contract .. All notes. 

and supplemental drawings, etc.v sre considered as part c (he 

plans. The Proposal will contain a list of the npplicable 

standard specifications as well as the special provisions nn~ 

special specifications.. It is these sources 9 the plans, .~pecu ;_ 

provisions 0 and standard and special specifications, that con· 

tain the requirements of a particular project. 

In order to properly inspect a project, it ~s necessary 

that each inspector be familiGr with all the requirements con­

tained in the various sources. It is suggested that, prior 

to beginning operations, a general review of the Project ~e­

quirements and Plans be held. 7his review should familiarize 

each inspector with the overall job re1,;uirements as well as the 

particular items fox which each will b~ responsible. In ~dd• r 

ition, each in$~ectox should be equipped with the particular 

inspect:J,.ve tool:s he will need, such as 6 e rule, tape, st r:Lnt.. 

record book, etc" Priox review and preparation such as this, 

will enable th~C inspection cr'ew to begin a pt'oject we'll-versed 

and prepared. 
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·Grading Ope rat ions 

A• Clearing and Grubbing 

1. Specification Requireme~ts 

Item 102 9 Page 35 11 of the Standard Specifications 

contains the requirements for the operation of clearing 

and grubbingo Paragraph 102o2 9 Construction M~thods 

on Page 35 9 gives the detailed requirements. Inspectors 

should be thoroughly famili~~ and well=gr6unded in these 

rsquirementso 

2. Construction Methods 

a. ~Thi& item consists of the removal and pis2osal of trees, 

:$tulmps, brush 9 xoots 11 vegetation 9 logs 9 rubbish and 

' ot~er objectional matte~ from the r~ght of wayo . The 
i 

1 qisposal of the material, is subject to the approval 

~f the Highway Dep~xtme~to Many times the .Contractor 

r:lJ.as gotten permiss~on f~om the adjacent lan,downers to 

u~ile the brush and~tree,, etc~, on his land outside 

the right of wayo The .. Highway Department must applt'ove 
l 

this method of disposal? permission of the landowner 

is not .enougho The no~,611 .methtld of disposal is by 

Qurni~g all combustible material and hauling other 

. ~~ t~l;'.!al_ to authorized .. <t~mp grounds o Inspectors are 

~autioned to confer with the Cont:t>:actorvs representative 

_~egarQ_ing the disposal ~~. matexia:. in oxder that the 

necessary prior approval may be ottainedo 

80 



b. 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 in place. Items left in place 

are to be trimmed as directed and exposed cuts painted 

with an approved asphaltic materialo 

c. In areas that are required for roadway 9 channel or 

structural excavation 9 all stumps 9 rootsp etc. 9 shall 

be remoyed to a depth of at least two feet below the 

level of excavationo It is obviously impossible to 

remove all roots prior to beginning exca~vation~ however~ 

the roots can be picked out of the excavation material 

by hand after ~t is dumped in its proper place. In~ 

spectors are cautioned to see tpat sufficient 99 root 

pickersu are furnished by the Contractor to ll:'emove the 

roots and other material that were not removed at the 

excavation siteo This is a continuation of the Item 
' 

of Clear~ng and Grubbing and is definitely require~o 
• 

d. On areas required for emba11kmen.~ constructionp all 

stumps 9 . roots 9 etco 9 are to be removed to a depth 9f 

at least two feet below the existing groundo Here again9 

it is impossible to remove all roots that lie below the 

ground without the use of hand ~aboro After all treesr 

stumps, etco~ have been removedv and the area is cleared 

except for roots 9 etc. 9 below t~e ground~ all 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 pickers" to remove all roots and 

and debris exposed by th~ plowing. In some cases, 

where an embankment is at least three f·eet high, the 

Specifications provide for leaving stumps, etc. This 

has to be noted on the plans and is, in fact, rarely 

dor1e. 

3. Inspeci~r's Checklist 

TJ;le following checkl~st c~n be used as a reminder •J 

guide i~ the inspection o~ Clearing and Grubbing. · 

a. Co~~picuous flagging of al~ trees, etc., that are to 

be,saved. This flagging s~ould be visible on ~11 sides. 

b. Di~cuss disposal methods a~d plans W.ith Contr~torw~ 

re~fesentative prior to beginning operations •. Rep~rt 

pl!ns to the Resid·ent r:Engi~eer for his approval. 

c. Wa~~h fire hazards during qurning operations. 

d. Check to see· all stump holes, etc., are backf~lled .to 
~ " 

av~td ponding water. i 

e. Ch,r,k to see sufficient "rqot pickers•• are availabl.e 

du~tng subsequent oper.atioqs to complete the Item of 

Cle~ring and Grubbing; '., 

f. Ch~{:k trees left in p~ace ~o see all damage anp pr\Jfing 

cut~ have been properly re~aired. 
•' r 
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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. 

b. Areas other than those set forth above will not be 

measured for payment regardless of where work was 

done. 

c. 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 

material sources should be accurately measured and 

recorded for support of the,paym~nt. Any instructions 

or commen~s regarding this Item should be recorded 

in the j~b diary. 

B. Channel Excavation 

1. Specification Requirements 

Item 120, Page 41, of the Stand~rd Sgecifications contains 

the requirements for Channel Exsavati,on. Item 120 refers 

to Item 132, Embankment, which contains the requirements 

for Embankment Construction. P~ragraph 120.2, ~lassi­

fication, discusses the various classifications of the 
I . . 

different types of material to be removed. Paragraph 120.3, 

Construction Methods, Page 42, gives the detailed require-

ments. 
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construction Methods 

•• If no classification is indicated in the description 

of the Item, it is "Unclassified Channel Excavation, •• 

and the Contractor shall be paid the bid price for 

all types of material excavated. In the event that 

the Itemis "Classified" the d~scription shall be 

either ''Rock Channel Excavation•! or "Common Channel 

Excavation" or both. "Rock Channel Excavation, .. of 

course, is meant for areas where rock will be encount­

ered, and "Common Channel Excavation" is for all other 

materia~jencountere~. Since there is very little, 

if any,f.~ock formation in District 12, Channel Ex-' 

cavatiorr is normally classified: as "Conunon Channel 

b. Unsuita~le excavation, 1n ~xces~ of that needed for 

constrUICj±ion, ·shall be knQ:wn as'; "Waste" and shall 1 

become Jpe property of the; Contfactor to be dispos~d 

of by hif outside the limits o~the right of way., 

This designation of material as" "Waste., is a deci.s.ion 
l( j < .-

to be ~~de by the Enginee~ and fs not normally a de­

cision to be made by the Inspee;tor. 
I, ! • 

,c. The pr9J?osed channel excavation must be controlled as 

far as .. ~lignment and grade is concerned. This control 

usuall~:consists of various tyBes of stakes: 

(~). Alignment stakes 

(2~ Elevation hubs 

<;n, 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 offset to 

the center line, must be staked on the e=ound. This· 

line should be staked at even 100 ft. stations with 

the intersection of the center line as station O+OO. 

After this line is set, offset stakes set at right 

angles should be placed on the easement line at each 

even station or oftener if needed. The distance from 

these stakes to the centerline of the channel can be 

marked on the st~ke as well as the channel station 

number. Measurements can be made from the stakes 

as the work progresses, thus insuring that the 

excavation proce~ds along the proper alig.nment. 

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 
) 

o£ the alignment ,stakese The elevation ot this hub 

is measured by running a series of levels_and the 
! I 

difference in the actual elevation of a particular 
! ' 

hub and the propo,sed flow line elevation 9f the 

channel at that station is the amount of cut necessary. 

Thus, by making v.ertical measurements by means of a 

level and level rod, the grade of the excavation is 

controlled. 
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d. Another type of stake is set~ as the excavation progresses 9 

to control the side ~lopes of the channel. The plans 

will normally designate the side slopes of the channel as 

being 2:1, 3:1 9 etc~ A stake~ called slope stakep must be 

set to indicate where the natural ground line intersects 

the side slope linea Normallyp these points may be scaled 

di~ectly from the plotted cr6ss section ~heets 9 or in 

some cases 9 directly from th~ Typical Section Sheeto 

However 9 in the case of deep cutsp whexe considered quan~ 

titi~! are involved 11 this is not sufficiento Si]Jce the 

quant:si:tties involved may wary considerably with t~e side 

slope 9 , it follows then that ·tQ.e side slope of cuts must 

be .. fo,J.lowed closely. Since -i~ is humanly impossible t:o 
' 

cut a ~lope exactly by eye 9 .i, is necessary to set slope 

stake;S. by use of levelingo .. The technical .aspects of l;l.ow 

to .. calculate the position of .slope stakes .will be covered 

in the. Surveying portion of the training programo 
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Figure 1 shows a cross section of a proposed channel and 

the various types of control stakeso There are various 

methods of staking for construction control, but all 

basically are the sarneo 

I 

50 so' 

i ( 

ALIGNMENT STAKE I' 
(ELEVATION5 SLOPE 

_r(; HuB rsTAKE 1 

:; A ;;. - + I .... ~~.~ / 

. . ' 
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3 •. Inspector's Checklist 

4. 

a. Check to see that all channel specification requirements 

are being meto 

b. Check to see if channel excavation is being hauled 

properly (covered in more detail in Highway Design II) 

c. Check to see if sufficient root pickers are available 

in the area to which the channel excavation is being 

hauledo 

d. Check to see if the channel cut is being cut in such 

a,manner so as to drain in the event of raino 
. ·-

e. Cq~ck to see that the cha~nel excavation is being ;.made 

i~,such a manner that the natural drainage of any 

s1;eams or waterways 1is nqt blockedo 

f. Cl}t(Ck to see that the flow line of the channel ex~ 

c~,ation i~ being prqpeii~ cuto 

g. I\ at all possible 7 take ~e final cross sec~iona~ 

mf)i~suremen.ts fo:r the computation of channel excavation 

qlp~nti ties~ prior to the ·r~leasing of channel draif\age 

wa~er·in the newly c4t ch~nnelo 
1. 

Measut,~ment s and Records .. to b~ kept 

1)11 channel excavat~on.'Will be measured in its original 
.. I 

· · posit,~n and "t-he volume ~omp.u)ed in cubic yar-ds b
1
y the:· 

metho~ (of average end ar~as 0 /his means that ori.gina11 

· cross ~~ect ions·::·must be ta.ken .. P{ior to the work 11 and th.en 

... final ;cross se.c.tions takE7n in 'the same place after th~. 

:work i,s, completedo 
:·I 

The volume of excavation remo.ved is 
I 

·then c~9..mputedo· .. The actual exp,lanation of this type of~ 
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computation_ will be covered in Highway Design IIo The 

cross sectionsp original and final, will form 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 calculations, hub elevations, 

etc. The Surveying courses will cover the correct form 

for these notes" 

Co Roadway Excavation and Embankment 

1~ Specification Requirements 

Item _110-9 r Page 38 9 of the Standard Specifications 

contains th~ 1requi.rements fox Roadway Excavat ior>J.l, Item .110 

also refers t.p Item '!32 11 Embankment 111 Page 46-~ of the 

Standard Spes:ifications which contai:Qs the rexqt!ll.:iiremmts 

concerning ~~pankment Construction~ _ 

The ·c6~struction-~f a ro~d~ay seftion noimally 

involves two 9perationsg 

(1) Cut, 1 

(2) · Fil,f or embankment 

It is standa,rd procedure that OJillY t~e cut or excavation 

is paid for and the fill is not
1
paid:

1
for .. Th~s is because 

the fill is ??nstructed from thf mat~rial removed from 
I 

the cuts,_ so~~f both were paid for 9 ~he result would be 

duplicate ch~fgeso Therefore 9 the o~ly pay item is 

Item 110, Roadway Excavationp but in order to insure 
I I • ;; 

that the fills are properly constructed 9 Item 110 refers 
~ 

to Item 132o 
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2··· .Construction Methods 

a. Roadway Bxcavationp like Channel Bxcavationv is either 

"Classified91 or "Unc~assified90 and if ~ 9Classified 9 " 

it should pe 9'Rock Ro~d E:xcavatioxl.n ox- ~ 9Common Road 

Bxcavationo" As pointed out pr.ewiously9 nearly all 

"Classified Road Bxcavation.9
g in District 12 is 

"Cqmmon Road Bxcavationo 99 

bo Unsuitable excavation in excess of that needed for 

construction shall be known as ~'Waste 0 ' and shall become 

t-e property of the Contractor to be disposed of by 

b~m outside the limits of the right of way., This. 

d~signation of material ~s waste is a decision tq 

'l~ be made ·by the .Engine~r and is not normally a 

~~cision to be made by the !nspectoro 

c. L~ is essential that, the _Construction operations be 

oonducted in such a man~~~ that the roadbed and 4itches " . 

~~e properly draineq at afl timeso 

t}lat cross drainage ,be matntained., 

It is al~o essential 
I'" Ill 

This is ~ very im= 

J?~rtant requirement and ope frequently overlpoked~by 

qqth the Contractor and the Inspectoro Before work 
·' 

·-· 

~~ finished for the day 9 1
the entire project must ~e 

I 

~~ condition to proP,e.lt'ly :handle the runoff tl].at may 

~~cur from rains during ~he nighto In order to insure 

1f,~1s condition 9 ContractOfS should be encour~ged ~o 

!?.~in their excavation op~ratio:ns at th·e low points 

~~ the drainage syst~,em <mnd woJrk toward the high PC?ints~ 

~~ this way 9 the d.ll.'<ainage will be kept ·open 'ritho,·t 

~usual amounts of extra work on the paxt of,the 9ontractoro 
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d. All embankments and xoadway areas should also be 

prepared for rains at the end of the work for the day. 

If it is necessary to leave windxow:s of materials 

overnightp they should be in the center of the rDadway 

where the Iunoff can b~ shed to both sideso If they 

are left on ~.~e sides 9 . they will form a dam wrt1ch will 

pond water 9 th-qs softening the subgradeb All ,sheep~= 

foot roller indentions should be wiped out and sealed 

with a blade and prmema.t :Lc rollers to a void h:a ving 

water SQ~k deep into the roadw:ay material and re"~ 

sulting in an extremely lengthy drying=out processo 

e. The proposed roadway excavation must be controlled as 

far as ~lignment and grade is concernedo This control 

usually consists of various types. of 3take:s as pointed 

out previously, 

(1) Alignment stakes 

(2) EiE:va t ion h\U'lb$ 

(3) Final blae top~ 

After the clear~.ng and grubbing operations have 

been completed on a 5ection of road 9 it will usually 

be necessary to r8set the centerline stakeso Elevation 

hubs and.~lignment o~ gu~rd stakes should be set 9 

~pposite ea~.~ station .. ~nd on each right .of w1ay lin~t! 

or well outside the grading limitso The elevation 

of the top of each hub should be determined to the 

nearest hundredth of a footo 
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The alignment of the work is controlled by 

making horizontal measurements from the alignment st~kes 

to various points on the X'Oa.ch~~ray ct:oss section and 

vertical measurements to those same points from the 

elevation hubso TheJre Zl.A:'e many rriffexemr\C wiewpoints 

on exactly which is t.Jhe 'be~St ~.ri<~Y 1t;e. stia~ke a project 0 

howevex 9 this particMlaJr :)ttem 'i/l:':Lll be covered in detail 

in a moxe advanced COMXS<eo 

3. Inspectorvs Checklist 

a. Check to see that all Bmbankme~t Specification Require-

IJlents are being met befQxe excawatioll'll s;tax:tso 

b. Check to see if excavation is being hauled properlyo 

• (Covered in moxe detail ::in Highway Design IX) 

Co Gheck to see if su(fic~~nt uo.li::Oot pickers99 are 8-vJiilableo 

do <(heck to see if cut is made so it will drain. 

ee <[=heck to see that any p.r..iv:ate d:rrives along cut a~ea 
h 

~re closed a minimum of :timeo Ai!.l':ffi~1.ge :alte~nate .. ' 
~~nt ranees if necessa:tt":f o 

4. Measurements and Recoxds to ~be Kept 

gAll roadway excS~.vat&.on ~will be me~su:.red in, its original 

position and the volume comp~ted in eubic ya:.rds by the 
l I " 

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

eras~ sections must be take~ priot.: to the w·oJrk ~nd t~en ·· · 

final cross sections taken in the same place :af~er the work 
~ ' 

'is c~pletedo The volu:m.e of :r.:xc:avatimA" removed. is t9en 

compqted. The :actu.:al exploJratiolTh of this type Qf computation 
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will be covered in Highway Design II . These cross sections 

original and final, form the record to support the excavati 

quantities . 

D. Compaction of Earthwork 

1. Specification Requirements 

Item 132, Embankment, Page 46, Item 204, Sprin~Ling, 

Page 79, ~and Items 211 through 2lo, Rolling, Pages 82 

through 92, are the governing Standard Specification~ ins~ 

far as the compaction of earth work is concerneda 

Ite~ >132, .Bmbanlonent, provides for the methods and 

requiremeQts of embankment QOnst#uction. Paragraph 132.21 

Construc~~on Methods, on Page 46, gives the detailed re• 

quirements. Bach Inspector must. be familiar with these 

requirem~nts. 

Pag~ 48, Paragraph 132~2, provides for ~wo methOds 

of compact.ion: 

(1) r ~Ordinary compactiqn. 

(2) ) pensity control. 

.J 

The prov~~ions for each typ~ of ~ompaction are given
1
in 

detail oq Pages 48, 49p and SO. • , 
• ~ I ' ~ 

Ite~ . 204, Sprinkling, ~rovides for the methods and 
•· I. ' 

equipment: .requirements of sp1rinkl,~ng .. Paragraph 204~3, 

Construct1~on Methods, on Page 80, gives the detailed 

requirem~n ~ s. 
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2 •. 

The various items concerning rolling all contain 

detailed requirements; however, we will take up only the 

two most commonly usedo Item 211, Rolling (Tamping), 

Page 82, provid'es for t'he methods an.d equipment require ... 

ments for 91sheepsfoot rollingo" Paragraph 21lo2 11 Equip .... 
. . 

ment; -Page 82, gives the detailed requirements for accept~ 

able equipmento· Paragraph 21lo3 9 Construction Methods, 

Page 83 ~ gives the'"'lt'equixement s~· ford: he; ·proper ,:>pEO!'il tiL on 

of the equipmento Item 2131P Rolling (Pnuematic Tire), 

Page ~5, provides the method~ and equipment requirements 

for 'tJtubber tired" roll~rso J>aragraph 213.,2, Equipment, 

Page •:~6, gives the requiremellj,ts for acceptable equipment •. 

Parag~aph 213o3 9 Constr~ctio~ Methods 9 Page 87~ gives the 

requ~rements for proper pper~tion of the equipmento 

Construction Methods , 
a. I~ the preparation qf the fill area 11 prior to be= 

gipning embankment const~ction, it is advis~ble to 

~~ve small amounts of mat~rial in order to f~ll gullies, 

w~hes, or other lo~ placeso The material s~ouldrbe 
' 

1frlled into place 11 ~~ing s>rdinarr compaction; meth9dso 

I~ this way 11 the fill are? will be made into(a un~form 

p~ane on which to s\art tJ:le proposed fillo 'fhe fact 

t,~at this beginning plane, is or is not horiz9nta'l is of 

no~ importanceo 



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 spread the material evenly. 

This method usually entails dumping an eight to ten 

foot width of material through the fill area in 

strips or "lands ,H: The strips are laid side by side 

until -the entire layer is in place.oc 

II 1 

1· •. -PROPOSED . I FILL ' . 

SLOPE .. ~-----+: -~--1i __ l SLOPE: 

3 .. ~ ....... 6.0· -- ...._ "7 szAKE _...-- ' 1 '! ' , --~:1 STAKE 

. ,_.. ......... f I 1 I ...._ ...._ \.~. 

~1'--:- /11'?/R >w~MW ~...._ -'1;..~~ 
\\ 1 ~ I ) '~ 
~ . I (/ 

F(G 2 -
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c. Rolling should not begin until the fill material is 

a un'iform mass with a constant moisture content • 
... ~ 

Normally~ material removed from an excavation will have 

a natural uniform moisture content. While it may be 

uniform~ it may be too wet or too dryo In this case~ 
·~ . ~ " 
the material must either be dried evenly or sprinkled 

evenly until the Inspector judges the moisture content 

is propero It is normally advisable to start rolling 

slightly on the wet side :i.f the \\Teat her is hot and 
... 

d:ry. If 11 on the other hand 9 the ·weather is .,damp and 
"·-
~loudyp extreme caution 1hould be.exercised in applying 

w~ter. The tendency sho1:!lld be on the dry side rather 

'than the wet sideo 

d. l9 adding_ water to a "ii~t•v or layer 9 it is ,extremely 

~1pportant that the water truck drivers position t,heir.· 

YEfhicles in such a manne.JE' that they neither ~~!erl,ap 

~f leave a gap betw~en·s'ifccessive passes of rthe ,.,ater 

j ~ucko Failure to do this -v."ill result in a .wet or dry 

~!reak throughout t;e fi~l which will present a non= 
. . ' ' 

'?~~form xr&oisture co~te~t 1 Inspecto.rs should be v.ery 

frrict in. the matte~ of..-~osition during appl~cat~ono 

l¥ this connection 9 iit. i~. usually advisable ,to apply 

'ff..:ter wit.b several ~igbt ~applications rather: than one 

lU~~vy app:i_icationo :,Th~~ ;s partic\Jl~r~y tr'i,!_e·_ dw:ing damp~~ 
' ' 

~~oudy ·weathero In~pectq,rs should designate the speed 

.i 
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of the trucks during application Q In applying the 

waterv the water truck should make its .first pass . on 

one extreme side and pt~ceed with successive passes 

across the fi11 9 rathe~ than going down one side and 

back up _the other uritil .~he last pass is made in the 
,j 

middleQ Usually the gap left in ·, the middle will not 

fit the spray barsv thus giving an overlap or gapo 

e. When the sheepsfoot rollers begin to roll in a liftp 
: • I , 

it is usually very important to have a blade working 

the fi111 ~t all timeso · The ~ matefial is loose and has 

a t endentc.Y to "ball upvv as the r~ller pa.sses o After 

a shor·t" t,ime!) the mat eiial !)egin~ t 0 compact and 't"1ten 

it is usp~lly not necessa.xyr to hifve a blaqe operation 

at all t~~eso Many times in heavy clayv the material 

will ''pic~ up" to such an e~tent that even a blade 

cannot oprxate p.ropexly o l~ny t:j.mesv a loaded rubber ... 

tired scr~per can make several P:tsses .ove.t the mate~ial 

and tig~t~n it up to whe r e ~ he blade and roller can . 
~ . . -· . 

operate ;-;gi th more efficienc;r\o ~ 

f o The meta{c roller drums _shouf-d be~ checked to see tha~ 

they a re
1
loaded propexfy p~~or tf usingc Water is , 

normalTy_ u.sed :as ballasf9 b~t in. some c·ases ~> sand· ·h~.s 
I 1 . ~~. 

been us~~~ This check may pe mape by requiring the
1 

Contractpf to open the sma~t poxt on the side of the 

drumo ·· Ai :fluick daily check ray bf made by tapping on 
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the side of the roller and determining by sound if the 

roller. is properly loaded. Since it ~~is easier :1:o haul 

an unloaded roller, t~ey...will usually ... be empty when 

hauled lin on_·a··jobo 

g.·· Care s~Quld be take~ t"'at ·the rollers .. do not· always 

turn in the same spot o._.~'l;!l.~s turning .~c::tion of t~.e 

tractor and roller unit has a gouging effect and if 

done .repeatedly in the same place will leave a hole or 

soft sputo 

.. h. A~ pointed out in the seG:tion on Roa.dway Bxc;avati{on, 

c~re .sh:Q:Uld be ta~en that, the road:way is in ~Pr.oper 

~pndi ti~n for rains durillg .the nigh:t o This jprepa.ration 

i. 

. . . 

'~puld normally consist of blading all sheepsfoot roller .. . . , 

.. !'lflrks sh1.1t ·and sealipg th~ surface with a P.neumatic roller.., 

ft.~l other drainage ~precautions mentioned p~eviously 

.. ~pould ~lso be takep... .t 

Under the Ordinary Fompa(tion requirements, rolling 
.I. 

~~all ··continue until there is no evidence of further 
,., . . ... 

fpmpa~tion,.. This is a matter of judg~ent on the ,,part 
r I' 

. rP.f the. Inspector~ . The a~ount of rolling reCJ:uire(J to 

l~each this point w-~~1 de_fend a great. ~eal on hav~ng 

~tihe proper moistur«fcontfnt present in the material 

·<1uring· .... -t.()lling. The ·cre·-rai·led relations·hip betwe~n 
r • r E • • 

(~oistu~e content and co9paction 

~"p in···the laborato~y cou'rse. 

~8 

will be taken 



j. Under Density Control requirements 9 rolling shall 

continue until the specifie~ 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. 
I 

k. Slope st~kes should be set as frequently as required 
y. 

to maintain a proper slopeo 

Inspectorvs Checklist 
I 

ao .Check to ,see if all _r.equired equipment is avai lableg 

(1) Suf1f:icient rollers of x::orrett typeo 

(2) Su{f1icient water truc:k!s 9 b}Jldes? and hauling 

eqU;i;pment o 

(3) Suf!~cient laboro 

b. Check r.<>rlle.rs for proper ba,1llast~ prior to usingo 

Co Check a11f11 measure water tx"a~c:kso e Issue "strapping 

ticket" :which indicates capacity of truckm Instruct · 
' J 

do 

truck dl:j~1vexso 

Check t9 see if blade is p~esent: to keep mat erial 

leveledi ·. j .. ,1 

Check n~~ural moisture con~ent ~f material excavated. 

Decide ~~at adjustment will be necessaxyo (Normally 
1 • \ 

done when leveling fill area) • 
• l :~ 

Check f~~ sufficient vv.root ,_picke_rs" during hauling 
' 

and dum~+ng phaseo 
' I . f' .l 

g. Check to. r:see if dumping ax~a is in moist condition •. f 

See that it is kept that way un~il covexed • . ,. 
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h. Check condition of lift before starting rollers. 

(depth, position, uniform surface, and moisture 

condition). 

i. Check action of rollers when rolling begins. Decid( 

what, if any, adjustment is necessary. 

j. Check speed of rollers. 

k. Check starting and stop~ing time of rollers. NOtify 

Contractor's representative of any time "docked." 

1. Check action of rollers during rolling phase. Make 

necessary adjustments as required. 

m. Check compacted lift an~ begin preparation~ for next 

lift to be hauled in. (Ordinary Compaction or Density 

Control). . f 

n., ~e prepared to suspend ~ork at once if Contractor fails 

to heed instructions. 

4. Meas,rements and Records to 1be Kept 

cSince the Item of;Emba~kment is not a payritem, 

ther~ are no measureme~ts required in this connecti~n. 

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

to PfOperly balance th~ filf against the cut.·~ 

Haul tickets should becissued daily by the Ins~ector 

for ~oth roller time and water. A record, in detai~, 

shoutd be kept in a hafd-ba~ked field book of the v~rious 

roll'r times and loads,of water. A record should also 

be ~fPt of the number pf th~ tickets issued from the haul 
~ (" 

book. 
c 

These records th_erebv support the payment for roller 
fj r r. 

time(and water. There,are wany different form~ and~ways 
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of keeping these records o Cc:nf e.t 

Engineer about his prefexenceo 

should be ~ecorded in the job diary and 

the Inspector giving the instructionso 

101 
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A highway materials laboratory technician performs much 

the same duties as those performed in· a medical laboratory 

or chemical laboratory. ·The· simila·rity in duties is based 

on the theory that all three laboratories are generally con­

cerned with the study of the properties of "matter.•• Por 
' . 

clarification, MATTER is defined as ,anything that occupi"e~ 

,space or has mass, which we measure by weight .. 

T-echnicians in the a~ove la~oi;atories learn to identify 
.. r. ) 

£amiliar~forms of matter by certain characteristics such 

as color~&odor, taste, hardness~:size, shapey etc. ~hese 

:: character~stics, by means of whi~h we are able to distinguish 
' one for~c~f matter from all othe~s, are called the atopetties 

of that ~~terial. 

Alt~qugh we have stateq tha~ the duties are si~il~r~ 

the techq~cian in the highway materials laboratory studies 
I f, :. :;, 

only the ~gineering properties ot construction mater!als. 

In Q,~der that he may d~termif.e these properties, it 

is necess·«try that certain test Pli,Ocedures be performed, 

utilizin~~various laborator~ equipment. The results oi ~es~ 

test proq~dures can then be ;pres1Pted in either of two w~yb0 

One way "f:~uld be to report the aGitual test value in ,a uni.t 

of measu~c;;ment· required by the Te.xas Highway Department 
I ' 

Tes.t Proc;~dure Manual,.., (Se~ Tab~.e 1 for typical uni,ts.) 

The seco~1 way would be to ~how the relationship between. 

several engineering properties by plotting test values . :. " ' ~ .: 
~ ,. 

~s ordin~~es and absicissae.in gr~phs. (See Figure 1 for 
I I 

example q(. graJ:>h. : 102; 
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ExAMPLE 0~- THE F·'F.Li\TIO~·J5t·11P Of 

SEVERAL ENGINEEJNG PROPt:F~ r:E .~) 
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. TABLE 'I 

TYPICAL UNITS OF LABOHATORY TEST MFASURE.MENl'S 

t----- ·- - ~~ 

Laboratory Test I Test R:.;s~.:!·2z -~nits of Laboratory Test Measu:remeni: 
, ..... .E.x.pr;.esw::... . ..i in . - · Used in CB.lculat ing Test Result 
~ : ' 

I :cw:= ~~ . ._~~~~ .. ~.. _ ..... == ·~ 

Water Conte1~t 

Specific 
Gravity 

Percent (%) The weight of material before and after 
oven drying is measured in grams ox 
poundso 

·---~---=-= --:----~-=~~ ~ ~ --- = -~~~-

The \·,re-lght of material retained on 
succes~lvely smaller sieves is 
measured in grams or po·J.nds. 

Ratio of the weight 
of a given volume of 

.... ~ma-t-eri--al- ~-t~ the wei-ght~··--·­
of an _equal volume of 
water 

--~-~-

The weight of material compacted in a 
mold of known volume is measured in 
grams or pounds~ The volume is 
:omputed in cubic feeto 

A maxim~m loao carried by a specimen 
having a known cross sectional area 
is measured by a testing machine in 
poundso The cross section area is 
computed in ~quare inches~ 

The weight of a sample of aggregate in 
a prepared condition is measured in 

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

........, 

I 
• 



At this time, it should be pointed out that the 

measurements obtained from these test procedures are not 

themselves final results, but should be considered Qnly 

as information that may be used a~ 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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As you have 1earne6 by n.owv th'2: terials ~nd Tests 

Division 9 File D=9 9 has the responsibility of overseeing 

all sampling and testing and i:ate:i::!J·£c::~ticn nf test results 

of construction matex:isls used on our h.ighwayso In Olt'der 

. to accomplish this task as efficlentl.;;r and economically 

as possible., they utilize the facilities of several labor­

atories to help them in this tasko The various types of 

laboratories include the followingg 

a,.' State Highway Labo:cafory 

I , 

The central tes\ing labo~atory of the 

Department loca~ed at Austin and under t~e dkrect 

supervision of the ~te:rials and Test Bngine~P 

generally tests and inspects all finishep pr~ucts 

from steel fabricati~g shopsp pre=stress~d c~crete 

plants P rock asphalt .plants in various ~>;.arts ,pf 
the Statev and crush~d stone and bitumin,ous UJiXture 

plants in the vic~.nity of Aust:ino They also send ,, 

inspectors to sample cement 9 lime? ~nd asphalt 

produced in various mills and refinerie~ so 1hat 

quality.test5 may be. x:un on these 

they are used on State projects~ 

District Map showing l4;•Ciltion of 
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b. 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 steel, 

steel plate guard fence, structural steel, ~nd 

reinforced concrete pipe. 

c. Dist rict Laboratory 

The laboratory located at this District head• 

quarte~s and under the direct supervision of the . 

Distrio~ Engineer performs vari~us sampling and 

testing ~work in conjunction with the design, 

const~¥qtion, and mainten$nce ~f highways in this 

Dist ri¢,~· Most materials hothef than those checke4 

by the : ~bove two laborato~ies ~y be tested in the 

Distri~' Laboratory prior to use on a project. 

In add~tion, field investigative work involving 

local ~pil and pavement materi~ls is haadled by 

this L~poratory and will be di~cussed in Section l.os. 
d. · Resid~t Laboratory ., 

~Ae laboratory loca~ed i~ or near a county 

resid~cy office and und~r thq direct supervision 

of th~ tSupervising Resid~nt B~gineer, performs I. 

variou~ sampling, testin~, an~ design work on.co~ 

struc,,on projects handled by ~this office. Specific . . 
testiqs work perf.ormed by thi~ Laboratory is discussed 

more 1~oroughly in Secti~n l•QS. 
~ · 
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e. 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 projecto 

108 



1~03 SEVERAL TYPES OF HIGHWAY CONSTRUCTION MATERIALS 

All highways require large quantities of construction 

materials, particularly soils' and aggregates for bases and 

pavements~ and frequently borrow m&terial for embankment or 

for backfillo The presence of local materials within reason­

able haul distance of a project will have a major effect 

on the cost of constructiono In our Gulf Coast area, there 

are several types of local materials and products that can 

be utilized very efficiently and economically on our projects. 
'I 

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

construction materials which are on display in the District 

Laboratoryg 

a. Soils 

It is advantageous to haye some means of 

ident1fying soils and classifying them into groups 

which ~ave distinct eJngi~teeri~g propertieso This 

enables engineering pers?nnel
1
in the cffice and ~ield 

to speak the same languase, thus facilitating ex­

change of information and experienceso For our 

purpo.srs 11 therefoxev we ~ill qlassify a sample 

as "soil tu or fine=gx~tn.:e.4 \\·hen 50% of the particles 

are smaller than the eye can seeo 

\l) SILT AND LOAM ~oils are generally called 
; 

'•topsoils69 in most wceas of this Distxic;:t(# 

They nave a smooth feel between the fi~gers 
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in contrast to the grittiness of 

coarse-grain sand. When dry, they can be 

pulverized easily under finger pressure 

in cont~ast to the resistance offered 

by a bard, dry clay. (See large scale 

District Map showing location of pre• 

dominant silt and loam topsoils in the 

District.) This material is generally 

more valuable as a farming material than 

as a construction material. 

(2) CLAY soils ~over most of the Gulf Coast 

area •.. (See (large scale District Map 

showing location of cll\y soilsrin tke 

District.) (As such, we generally dQ 

not have anr trouble identifyia,g th~m, 

partic~larly when they shrink ~nd crack 

during; drying periods. Since 'te depend 

genera~ly o' this type of mate~ial for 

our empankm,nt and backfill, we try to . 

minimi~e th' shrinkage and craqking~by 

covering th~ clay soil with. nto.psoi~, .. 

St. Augustiqe grass, or other type of 

lining material~ 

be· Aggregates 

When 50 p~r ce~t of the particles fan ~e seen 

individually by th~ paked eye, we may c1ass,fy the . 
sample as "aggr~gat£;~' or coarse':"grained; (Sqe Pigure 2 

.! 

showing sources of ~veral types of aggJegates that 
ilO .. 



SOURCES OF' AGGREGATES USED ON PROJECTS IN DISTRICT 12 

FIG.2 

'·· \ 

· are ·used on projects in this District..,) 
r 
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(1) SAND aggregates are generally all smaller 

than about t inch si.zeo Sand samples 

from our rivers in the Gulf Cca.st area 

usually c.ontain particles of nearly the 

same size whereas samples from $and pita 
-in fields not adjacent to a ~iver ro~y 

contain varying particle sizeso 

(2) RIVER GRAVEL aggregates generally range 

in si;z;~ .. .from about 3 inches down to t inch 

sizeo 

(3) PIT GRA~ aggregates from timberland 

areas a~e smalleJ' than river gravelhand 

are generally. fo~nd mixed with sand 9 silt 9 

and clay soilso ~The pit gravel IDIIY·.l'ange .. , 

~n size ~rom a~o~t l=t inch to t in~h sizeo 

(4) IRON.ORE aggrega~es removed from pits in 

the rolling hill terrain of the north and 

west areas .of t~ District are smaller 

than pit gravel ~nd are m~ed with fandy 

soilso The iro~ore is generally swaller 

than t inch sizeo 
i 

(5) OYSTE~_sHEL~ aggregates dredged fro~ dea? 

oyster reefs in our coastal bays contain 
1 ~ . r 

various amounts of fine sand 0 silt 9 and 
• I, i ~ • 

~layo 'it is th~ general practice tp 
I 

wash the shell as it is Plt'Od'U~ed by~dred~inr 

before mixing wi
1

th a sand soilu Tht' she~l 

may range in siz,e fxom about 2 inch~s tc t incho 
11., 



(6) CRUSHED LIMESTONE aggregates secured from 

quarries near Austin may be washed clean 

or may contain. some fine. siz~ powder 

(7) 

l._ .... 
produced during crushing operations: The 

limestone is pr.oduced in . varying sizes 

ranging from 1t inches to i incho 
c ,.;; 

CRUSHED BLAST FURNACE SLAG aggregates 

are produced in a plant near the &heffi eld 

Steel Mills in Houstono The slag may be 
.. . · ···· 

washed or may contain ~ome fine size 

powder produced dpring1 cr~shing operations, _ _ . 

The slag is produ¢ed i~ varying sizes ranging 
. . . 

from l inch to· -1- '-ncho ~ .... 

(8)' BURNED CLAY aggregates1.are prod~ced in 

plants located in ·. Po.rt Bend Count yo The 

light-weight aggr~gate;is produced in 

varying sizes~ general~y smaller than 1 iqch, 

c. Asphait 

By definition? "A pl.ack . to dark brown hydro-
...... . ~ ..• -· 

carbon material which may be in a semi~solid 
~ I 

form at room tempera~u.rr but ~ w~l,l grad~lly 

liqu~f..y when heated<>'~ Much o( .. 9ur aspJ:la.l t is 
J 1 

prod.~~d by ~he ~ef !!lJn
1
f of p~.t;oleum .J.g_und in 

the Gulf Coast Areao The asphalt may be pro­

duced in several fo~ms 9 • some of which are 
•. 

included in the followingg 
. ' . - ~ 
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(1) ASPHALT CEMENT, a semi-solid, is prepared ia a particular 
I 

form of consistency o·r degree of hacdneas and must IN! 

used hot. 

(2) LIQUID ASPHALT is prepared by dissolving asphalt cement 

in gasoline or kerosene to ~ender it temporarily fluid 

for ·use. A form of liquid asphalt in which the asphalt 

cement is suspended in chemically treated water is knewa 

as EMULSIFIED ASPHALT. 

'• Port land Cement 

By ct~finition 11 "A finely puJ,verized material copsist~nc 

principallY of certain definite qpmpounds of lime OJ:l.· cal~wa 

.oxidet s~lica, alumina, and ferric oxide, all in combined 

fop." ''fl;lis material is p.roduced by pulverizing and· pro~ssin1 

•uch matffials ,as limestone, oys~er shell, san.d9 •n<J: gyps,um. 

•• AsphaiticlConcrete 

Mi~~ure of various sizes of aggregates coated and c;e•ented 

together8ltlith asphalt cement .• 

r. Portland Cement Concrete 

Mifture of various si~es o~· aggregates. coated .1and ~e­

?.ented tffether wi·th portla~d ce~ent and water past~. 

J~ Other Ma~~rials 

.(1) SteFf bars, railing, ~~d stfuctural shapes. 

, (2) Tim~rr· t .... '. 

(3) Met~l and concrete drainage pipes • 
. ~ 

(4) Cherfcals such as hydr~ted ~ime and curing compoundo. 

(5) Pa~'\~· 
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1-04 EXAMPLES OP \\ORK PERFORMED IN DISTIUat, RESIDENT AND PIBLD LAB.§ 
• I 

, I "· ·· . 
· •• Preparation of Samples for Laborat:ory Te~ts 

' . 

Soil ·'a:nd aggregate sampl~s brought . into the Laboratol'y 

will be composed of solid particles of various size~ an4 

shapes, occurring in every concei~able arrangement. 
! I'' 

Where there is a large percentage of ttaggregat e" 

present, it is necessary to dry and slake down the 

sample in 1water to separate the soil coating from the 

&ggregate ~ · 
. :· l 

When !' 'fhe .sample contains a small percentage of f 

aggregate ~ 1hat can be distinguish¢d readily by t he eye, 

the sample , may be dried and prepaJed without the slaking 

process, 'p;ovided the uhard ~umps~' are broken down by 

hand too1~ 0 or a suitable mec~anic91 pulverizer. 

be Separatiotl' ' of Prepared Sampl~s in~o Different Grain Sizes 

The ''ounts of the vari?US s~zes of grains present . 

· ·in a samp~~ are determined by sie~ing a measured qua~tity 

of material through successively smaller sieves. 
A 

(See. Figure 3). 
j, 
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Ct Differentiation of Soil :onsistency 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 4elineate the water content as a precise point in this 

transition shown in Figure 4. 

The liquid limit (LL) water content is determined 

at tr point when the wet soil just starts to become 

flui;d. under the influence of a series of st.andard shocks. 

The plastic limit (PL) water. content is determined at a 

poi~t:when the wet soil. ceas~s to be plastic and becomes 

-----..,..,r-----~---...,.....-~·····-·------....,-~-----t 
STAGES OF CONSISTENCY 

SOLID ___ ...__ 
SQ:MI­
SOLID -l''T __ .... 

' •] 

L 
SHRINKAGE. 

LIM~T(%) 

' 0••---WATER ·CONTENT 

DIFF~ERENTIATION 

() FIG.f1. 
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brittle when rolled into a small thread to•"'a the 

end of the drying processe The soil eventually rea es 

a "solid" state at which no further shrinkage wi 1 

occur. The water content at this point is called 

the shrinkage limit (SL). 

As shown in Figure 4, the difference bet\>H?:en the 

liquid and plastic limits is called the plastic jex. 

Silt and loam soils have low plastic indexes~ 
\ 

have higher indexes. 

il:: clays 

d. Determination ofLthe Density or Unit Weight 

e. 

The compression of loose soils or aggregates into 

a smaller c.ubic volume by mechanical means is t 0 

"compaction." By measuring the weight of the mntr:~.rial 

a~d the volume, ,t;Q.e "density" 1pay be comptrted by dividing 

the weight by the :volume, By excluding the weight of 

the water in the~_~ample, a "dry. density" ,value is 

determined. 
l . 

Different PJt~portions of material and water, vthen 

p;essed togetherl'ill give different density values 

when plotted. T~~ resulting plots are c~rved lines 

showing higher d?qsities vlith incre~sed "'later content 

up to some peak, ,and then lower den~ities with increasing 

water 
f1 

content values. 
~ 1 

(See Figure J., .. ) 
l' 

nrtermination of the Strength of Materials ' . 

A strength test consists of me~ suring the load 
; 

I ' 
l 

r,equi.red to cause a sample to break or become permanent 1 y 
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deformed with change in shape or size. Strength tests have 

varied test conditions such as rate of loading, temperature 

at ~ime of testing, confining pressure, and methods of curing, . \ 

to name a few. Depending on the strength obtained, engineering 

computations may be made that will furnish the performance charac­

terestics of the material. Th~ strength of a 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.~.i.). 

f. 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 
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1-05 STAGES OF HIGHWAY DEVELOPM§N! DURING WHICH VARIOUS J..ABORATORY -
WORK IS PERFORMED. 

a. Pianning 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 type$ may be · 

recognized by observing t~e color and feel of the material• 

Several test holes may be made in which samples of each 

type of material are selected and tested separately 
; ~ ,, ' ~ . ~ 
~in the District or"Residency Laboratory for grain 
< "size and consistency limits. Co~sideration of these 

~oil properties with past experiences, using. these 

same material~ wil~ be reflected along with other 

factors in the con~truc~ion budget proposed dur~ng this 

at age • .. 
b. ~esign Stage 

s A sufficient numbe.t; of test holes are lmade during 

thi~ stage to outl~ne t~e boundary of the ~oil ~ypes 

.:f~d conditions which de~ermine acceptability of[the 

~oils for use in the hi~hway. (See Pigure
1
5). ~Since 

~t may be economic~l to:~employ chemical ad~ixtu~es to 

~reat weaker soilsr sev!ral laboratory tes~.s, i~cluding 

ftrength determinafions~are run in the Dis~rict •Labora•. 

tory to determine the o~timum quantity of chemi~al treat• 
•' ' ' 

~ent. Those soils determined acceptable without. chemical 
r 1 

~reatment are tested for strength values under loadings 
:J 
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imposed by bridge foundations~ bridge embankments, 

subgrade, subbase, and base courses~ These va1~es s~e 

used in analyses by Design Engineers to det et'4ni.:t1<e 

relative thicknesses of highway structures tc ~d 

carry the anticipated traffico (See Figure 6 for 

illustration of the effects of a ~heel loade) 

i : 

PATTERN OF WHEEL LOAD FORCE·S 
FIG. 6 
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c. Construction Stage 

The contractor. designa.tes the materials which he 

proposes to use on the projecto After representative 

samples of the processed materials are taken at the 

manufacturing site? certain preliminary quality tests 

are performed, usually in the Austin Laboratory to 

determine if the samples contain ingredients not 

permitted in the specificationso 

Job control tests are run in the Residency Labor­

atory or District Laboratory on most materials delivered 

to the site of the project in ordei to determine th~ 

rat~ of various materials that must be mixed by the· 

con~~actQr to produce desired qualities. In the instances 

wher1e·. mixtuxes of materials fre supplied by conuuc.rci~l 

sourc~s off the site of the project? it is necessary to 

run :J9b control tests on the~r material in order to 

estaplish the proper ratio o{ ingredients in the mix. 

Some in-place test.meas~rements are made by 
• 

Residency Laboratory pefsonnel on completed lay~rs of 

matef~al for check of thickn~ss, density, and f~nal 

cond~tion after placement by the contractor. 

~ 
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If' Convert From 

Centimeters 

Cubic Cm. 

Cubic. Ft .. 

Cubic F,; .. 

Cubic Ft. 

Cubic Inches 

Cubic Inches 

Cubic Inches 

Cubic Inches 

Cubic Yards 

Feet 

Gallons 

G~llpns 

Gallons 

Grams 

Inches 

Kilograms 

Liters 

Liters 

Meters. 

Meters 

Pounds 

Quarts . 

CO~VERSION FACTORS . 

To -
Inches 

Cubic Inches 

Cubic Inches 

Gallons 

Cubic Yards 

Cubic em. 
Cubic Ft. 

Gallons 

Liters 

Cubic Ft. 

Meters 

Cubic Inches 

Cubic Ft. 

Liters 

Pounds 

Centimeters 

Grams 

Cubic Inches 

Gallons 

Feet 

Inches 

Kilograms 

Cubic Inches 

1728 

0,03704 

16 .. 38716 

0.,00433 

0 .. 01639 

27 

0 .. 30481 

231 

0.,133681 

3,7853J 

2 .. 54001 

1000 

61..025 

0 .. 26418 

3 .. 28083 

39 .. 3700 

0 .. 45359 

57.749 



Soil Laboratory Homework Problems 

1. Determine moisture content of the fo11owinr; ~oil., 

wet weight 200 gro 

· 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 

0.07~~ cubic ft. (measured by volumeter). The wet 

weig~' of the soil is 10.216rlbs. 

3. The L.L. of a soil was found to be 57% and its 

4. 

P.L. 21%. Find its Polo 

Detef~ine the strength of a soil which will support 

an ultimate load of 4000 pounds through a cross 

sectional area of 2 sq. in. 



5. Convert the following: 

700 grs. = 

100 lbs/ft2 = 
600 cu. ft. = 

. 1000 cu. ft • water = -
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.All ;}5 

All 9~ 

SURFACE TREATI\t,ENT DATA 

APPLICATION 

Third 

Roodwoy .;;: T/1 sy 
lntors01ction ~/,.;.;.:..~...,_· __ ay 
Total · 1 .·. ·. ay 

L.l. P.l. 
•1o "40 Moll. Moll. 

{5·~!$ J5 12 
~·80 .J5 t! 

;,~ume~ 

L1J11 (!l'f,t M II 

un. IIA"n.. (IID.U (PIIU!I OO&f) 

n.cuu-cn.e,-.,, 
n.auu ... (n.r,-.4t 

Min. 

MILL 
NOTE 

Mox. 

lltJJ 
I 21.1) 

JA1J 

,. " "'· • uo &M./rl 

•• , IAJ../f( 

Ul LM.Jtf 

uo la./W 

SPECIFICATION DATA 
Sh .. t A 

PLATE 6 



NERAL NOTES AND SPECIFICATiON DATA: 

) 

GENERAL NOTES: 

1. ALL CURVES SHALL BE SUPERELEVATED AS SHOWN ON CST-62. 

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

3. IN THOSE INSTANCES WHERE FIXED FEATURE REQUIRE, THE GOVERNING 
SLOPES INDICATED HEREIN MAY BE VARIED BETWEEN THE LIMITS 
AND THE EXTENT DETERMINED BY THE :iNGINEER. 

4 • ALL UTILITIES WITHIN LIMITS OF RIGHT OF WAY WILL BE 
REMOVED OR ADJUSTED BY THE OWNER. 

5. THE GGNTRACTOR WILL PROVIDE~FACIUTIES FOR PASSAGF; AT 
STRUCTURE SITES AND AT ROADWAY CONSTRUCTION SITES. THIS 
WORK 1-JILL BE CONSIDERED INCIDENTAL TO THE VARIOUS BID ITEMS. 

6. ITEM ~0 - AGGREGATES FOR THE 3-FT. SURFACED SHOU:WERS 
SHAtt13E OF DIFFERENT COLOR FROM THE 24-FT. TRAVELED WAY. . . .. 

' J : 
7. ITEM '420 - TYPE 3 SURFACE FINISH SHALL BE APPLIED TO 

CONC~E STRUCTURES. 
~ ~ . i a. Brazos River Bridge will be under construction during 

cons~ruction of this projec~. Co9tractora will be requi~d 
to c~~?uct operations so as to ho+~ interference between 
proj¥}:-a to a minimum. ~ ~ . 

9. Item.~O- Between November 1 and -April 1, RC-5 shall be 
aubs~~uted for OA-175 Asph,lt in ~onstruction of surface 
treatment,. 

10. Item :,~o ·- If the Engineer so dire~ts, .the surface treatment 
will tr constructed half-wi~th at ~ time •. 

11. No asp~altic material, mixtures or,surface treatments 
excep~j MC-1 and RC-5 shall be pl~~ed between November 1 
and APtoil 1 unless specifically d.i!rected b:y the Engineer · 
in writing. 

PLATE 7 

SPE~JFICATION DATA 
Sh••• 8 . 



l'-L ...,.~~-lllA.LTR-/'1/- ~- 9~=T4 

SUMMARY OF CULVERTS 
[AH~IUO"' CDvon[~><-..-.. . .ftJlco...-. 891·l·'f 

PLAN DESCRIPTION UNCUS CLASS REIN F. STD. REINF. CONC. PIPE 
PROFILE STATION ·-STRUCT •A• STEEL 

16.01A. 24°01A. 30.01A 
SHEET EXCAV CONC. 

NO. 
SIZE DESIGN 

C.Y. c.v. LBS. L.F. L.F. L.F. 
~ -. 7 5951713>.> -1- HJ': 1t 34 :floe ct-U ,CI-f·7B ' 4 ...,.- 0.98 

·~ .J.f., - 1 
a G04>f80 >' ~:!5 ..§'_ox: Cv1v!. 1/"C·Z l ..JZ 71.58 IZZZ 1 ~ 
B CJ/1 ~Z8 l-4~4-x44 8or Culvl: I"C·Z · 40 ~-U-4 /C. 75 I 

~ tCZ0-138 1-30~- P>p~ eulv I CH·7tf_ --'h-i--/·'0 83 ,JZ ~ 

9 C.39195 t-S.r3L:£! Bo"' Cvld: I"C·Z. Jz.':- 143G ~ 9 t;;S!r'40 1·4L~.$-~.fl Bo.<Cv!Yf: FC·Z 10 335 --lOGO 
( 

/0 : t;p7G.lJ...; 1-~r. 4a· At:>4 Cu 1~t,-- C#-7§__ 1--§ /.""5Z c. a _40 ( 

1-U"i"~-p,Od Cv •. ,_.:... ;;;;rr-7g--- - --
II 700-154 c ·7 5 ~5Z .;;8 ,,3<4 i 
IZ 723190 1-8 • 7-~.n· Bo.r Cvl~t': SC·NA ,;'W·N 50 3&.40 4874 I 12 !.JJLCQ_ 1-N~:J-1 . ....._...8.£<;_ Cvld. CH·78 7 1.5Z .-AA ;54 -It:. 74SIC30 hc•r.r 3!1" Pu~e Culyf.__ ,___t;li· 78 IZ I.SZ C38 38 ~ 
13 7GG t£>0 1-8-rS"r-10 8:Jc( Culr'T Fe-z 70 i9~9 .3530 t 
14 783~40 1-z.!·.oz· P'£'.11 C,Uf>'!-. '.-~li__-7j!_ It t.Si 1#13 3?. I 14 tJo41!7 '-:§~ s·" 3j___§_o.: Cvlvl;__ I"C·Z 50 /S-..;?4 zo9Z 
14 8/Zil0-."7iiRT !·!{TAU. P,P-1 Cvld . . ~ood (]> - - Z4 I IS BZOfaJ ~-z.r r J:J A p.g Cu~ C#-78 !4 1.5Z GS 3<:; --
IS 830 !rUJ 1-zrr sG· Pl.oa cu . --:.~'18 G I.SZ . -r..."l- sr; 
IS 840-IG-5 t-3o r .iz--;c/ps coTY:?:' .CH~78 s z.JO 8CJ 3Z I --

~ -- I 
TOTALS --'-· 

~L !.5_0.71 ~ :: ~583 58 Z7Z. ~- ' ---

I -
\. 

i 
....... PLAN fi -·]0--.\s1Q_"As-s REINr:'1 sTE·E~-·fcl_.~;i-··r:;:-~iN7!! .ST~ PROFILE STREAM STATION DESIGN. "DESCRIPTION . TRUCT ·~A..CONC- STO::EL .. ) ·.H ~.::vNC JJ "!Il"A'B 

NO- SHt:ET NAME n: E.XCA\1. "ERTj !Pili~-;~; f.5k.•·m&-.'1P.IPtlAP 
NO. BEGIN END C.Y C.Y. i LSS. r!z'x5.1"'lj_c.Y. I C.t. 1 

l : : ~:.~::, ~- :::~:07 ~:~~ ~;~~:'!;:,:~~::~;rer~:~=~1~!~~~~~~ 

SUMMARY OF BRIDGES 

STRUCTURE SUMMARY 
~ 

PlATE ts 



i - ·sUMMARY • ; - t 

) 
ALT. ITEM-CODE 

BRIDGES DESCRIPTION UNIT TOTAL 

EST. FINAL I[ .. rrli ~ "" EST. FfolAL 
102 001 Cloer and Grub At'. 6 
110 0_05 Com_Rs1 EliS:IlV lOrd Comol SY 472.6 
12.0 001 00! Unci Chan Excav lOrd ~omol J~Y- -L-43 
i4o OQ2 004 Ovrhl Y!d._ ._.H,._6~2 

1!10_ 001 aiod Hr JGB 
.20.i J)QI Sprlnk MG 96Ln 
2lQ ~.01 RolL J..flot Whoel) Hr ~2..L' 
2.1~ -QOI Ro~mpJ Hr 1010 ... 
.Zl~ 0.01 Ro~aQYY Tamp} Hr ~~ j . 

.21~ 00.1 _RojL_LGrldl Hr L2.05 
_Z3Q _00~ RdbL.Il!llll (Ord Compj l T_y_ B l ..t:;Y 12..4 2.~ ' 
2.:30 ~u A~d.LQ.IL.Ml Haul _c_y 12A.581l 

.J 2.60 001 Lime (Tv Al Ton 211!'1 
260 00.8 Llmrt.._.Juo.L£xlal.Bau {Ord Como) SY 200.00_0 
316 012 A.aar J Tv B Gr_Gl CY 43S 
316. 12.3 A11oh. _{QA•J7~l _GaJ 18 ;139 
~2.0' ~~a .Ao.ur {Tv PB Gr 2 l .. CY 1'116. 

_2 3~0 Q.QI A soh Ton 4!'1 
2. 340 -00~ A oar !Tv Dl Ton 849 

.2. 340 ooa Tack Coat Gal 900. " 

421 001 Cl A Cono { Culv) CY l.0?.7 
!440 hOI Rolnf Stl Lb 78~ II 
464 00:'> R c Ploe lCI m Hl8 In} LF 36 
464 00!'1 R C Plot1 {CI ml 1241nl LF J .2 I 
49S 002 Romo.Y.. Old Slr_.iSmoll l _Eo I 

.. 
"' BOf j}QJ _Ont~ Wov Trof Cant -· _Hr JOO .. 

~ 

_..:. I .. 
r 

-.. . .. 
• - ~ 0 

.. 
- - .. 

.. -
' 

' - - .. 

... - ~ 

~ 

_, 

.'/ ' - -
i ~ ' ~ 

1 

-

----1~ 
w " 

' ·' 

LTERNATES 
.. .. 

., ' 
" " 

AL TERNAT_E_ No.~l A .• .. ·- --
..Z6q 002 Lime liv Bl ~ Tnft .21 I~ ~ 

_., . ~ - .• -· . ··-
' Al..TERNATE No.-2-A ~ 

~~Ci f>02 Cold Mix LRA P'tlt {Ty_B l- Ton ~s -
~30 boo _lack Coat tEA- II Ml - Gal 900 .. 

~ I 

.. ' ~ ALTERNATE No. 2A . ·-

-- ~0 804 Hoi Mlll • Cold .oid ACP -:Tv nn• T"" 09l\ -
QOS Tock. Coqt Gal ·.900 
,; .. 

.. -
-

.ESTIMATE s QUANTITY 
, 

SHEET 
:; .. '"" " ... " ...... !~--1-A:.. 
• -•• :o. - --- 1-.:"' 

.. . . ... 

PLATE 9 



ALT. 

ITEM-CODE, ITEM 
DESCRIPT!Cli'{ 

ITEM 
NO. 

102 

110 

120 

140 

150 

204 

DESC 
CODE 

001 

005 

001 

002 

001 

001 

S.P. 
NO. 

The fir$t three i:::d digits will be 
used to idsnti ty !peci ol provisions. (The 
cenlc,- !hHHl digli~ wiil bs !aft blcnk on the 
special provision (>J<Cept when the unit of 
measurement or the de~cription has been 
changed). 

This is the special provision number. (Tni• number will be assigned In tho. 
Austin Office as they develop). 

This is the description code, found in this pubi ication, for the desired 
· description and units of mecuurement. (Numben for descriptions and units 
of measurement not found in the listing will be assigned in the Austin 
Office). 

This coiumn indicates the item number. (Numben for special specifications 
will be assigned in the 700,800, and 900 series as they develop). 

~--------------------------------------==~-------·-------------
PI..ATE 9a 
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N>f rodd ~nd 

r!6'i:S~/7d 
t l&m:.h u:/:Hfe 
1m & E rea r. 11::'"7 

l-1-1 

C r rf ' ' 1 '? . !)/) " ".) v .. 'f!8/ C'l-47 

,· .. r 140~~-7 -

.d • O (JL Rl 
..Y.:., Cu,r~ 

Ll £ryrtld.:J¢' .d i 
,.:y· 7~o-&fs ,//27d) 
4 • tJ tJ.d'fl 
#o crx r-e 

f {j 

''ZBZ 

CROSS l»C.\i IIUI'4 DATA 

-::-.:_:f1::t:t::t::tf: 
--· ---

-;--t-'1--+ -· .......... 
· - - 1-

. - +-H-+ ··+.-. 
. - -·-- t-t- +-1-+- ..f. .. 

-Jtt[ET NOTES 
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NUMBER 
SIZE 
SPACING 
LENGTH 
W£/GHT 

NUMBt:R 
SIZe 
SPACING 
LENGTN 
WDGHT 

SPANS 

~rm'3!Jib/e 
Canst),+ 

•4 Bars 23'-tJ"Ion.f 

PAVEMENT BRACKET 
To be us«:/ only when cdlled 
f'or on pldnS 

~5'•2' 

r, 2 

92 
'4 

IG 

SECTION 
THRU CURB 

BILLS OF RDNFORC!NG STl:t:L- FOR 44' CLeAR WIDTH - BARReLS ONLY 
2 SPANS 

K A 8 c D £, £2 
24 46 9/ 122 122 45 78 

"'.¢ "4 "4 

¥4 ~.¢ '4 "4 

~rr 
BARS C 

{b 
tl ~~.~~-, 

0 

BARS K 

~ 
<o:C~/0" 

<: : ~5 4 • 
""f· v 
BARS X 

m 
4~· 

BARS Y 

-
Fl 
/9 

"4 

'4 

49 .. ., 

5' .• 3' 
F2 FJ z tt /( A B c 
~ 13 46 4 24 46 91 122 

114 ".¢ "4 "4 "4 "4 "4 "4 
12* 12' 9" 12" 7"· 

5' • .3 
12 /9 92 46 91 

"4 '4 "4 '4 '4 
12" 

5'. 3' 
IG 25 138 

"4 .4 

5' • .J' 
20 31 184 
"4 "'4 '4 

BARS A 

• 4' 
Fz FJ z tt A B c 
12 /J 46 4 46' 91 1£2 

"4 "4 "4 "4 "4 *4 *4 
IZ' 12' !J" 

4 36 46' 91 122 
"4 "4 "4 "4 
12" 12" 12" 9' 

.J'il" !7'4 • ro- 7' 
94 533 '033 638 

4 46 
"4 

1/lVcR 
EIWJTH 

"BARREL QUANTITIES 
SIZE NO QUANTITIES PLF BBL. OF OF 

!srH 
SPANS STRLK:T. CONC STEEL CONC STEEL 

CU. YDS. ~ CUYD5 '=-fl2_ 
2 11'-6" 2491 3603 0.537 7723 
3 1 7'-o" 3610 5313 0.778 I I 3.86 

5'•2' 4 22'-6" 4 731 7017 I 019 150.49 
5 28'·0' , "'Is"' '259 'B"' 6 33'·6" 69 6'~ f!J:_4l_!_r'-§02 223 75 r-----
2 II'- 6" 27.45 37H 0.593 8034 
3 17'-0" 39 48 5517 jOB 52 r/8.34 

5'• 3' 4 22'-q" 51481 li!BZ I I! I 56.25 
5 28'-0" 63 49 9054- I 370 194.24 
6 33'-6" 75 55 !Q81_!! !:c§~ 232.20 

2 11'·6" /'994 400B 0648 8613 
3 17'-0" 4282 59C3 0.926 126.77 

5'•4' 4 22'-6' 55.69 7789 I. 204 16'7.41 
s 28'·0" 68.52 9683 1.481 lz08 04 
6 33'·6'" 81.40 ~!_!!_ !:!5:'1 ]2.<1'~_78 --f---
2 I 1'-9" 34.99 48i'Z.O 759\103.93 
3 17'-4. 4955 6927 1.074 149 //j 

5'•5' 4 22'11' 64.10 90Z4 1.38911.94.44 
5 28'·5" 7866 I~ I 2 8 I. 704 rz;9.69 
6 -~4'-1" 93.21 13,234 2.019 284.95 

s ·s·-o· 

TYPICAL HALF SECTION - 4' HEIGHT 

• These guanfil-tes do nof­
lnc!ude pdt"'n.J brackefs~ 
to~ walls or wrng3. 

GENERAL NOTES:-

3/S 
"4 
12" 

Des~,gn LoCidln~; H20· o,r 1-120 S/6- 'n 
~ccordc?nce WITh A A S H 0 /9 57 Standarc:l 
Spec/fications. 

All concrete shall be C,'"--.:;•ss A Chcrn/-er 
exposed corners !--'4': 

41/ d~rnenstons rtS>iCJflly f,_-, r~:unfor--:tng 

sff'f>el dre to centers cf b<-'!rS 
~;·~.Jr:f:l,e-s o;/C re::nf."; -,:_ ;rg ..;,. .~"~it.>.; s ';,:;:--~·,~,. lre-re 

-:~n Clf"C Fn.'· 4 4 '·i/' ,_·/,-:-r:..vr Vlu:./ll"' f~+w~'e"' 0£:.•---:c/ · 
we~! Is 

C.:; Jsll·uc f:vr. j,_.,nf _;;'-·.n·vn ::1#-. f/ow :.r,e rnay 
bt? 'c:Xtse-d .-'1 rno.x'rnu,...., :;l-- 6" a'' fhe opfton of 
fhe c~;;nlractor .L.o._';usi IEnJ/"'l"J oF .re-ftca/ 
steel as requ,re.c/ 

i ;OX AS HIGHWAY DEPIIRTMENT 

~ ,(' II 'fiPLE :vitJL_ . BOX CULVERTS 
SIZES 5'x2: 5'x3', 5'x4~ 5'x5' 

DIRE.GT TRAFFIC TO 4'-0" FILL 

MC5-I 



TE:<AS HIGHWAY DEPAR'l'MEN'l' 

GOVERNING SPWIFICA'l'IONS AND SPEDIAL PROVISIONS 

' 

Control 2697·1-2 
~2712(.,) 
Hll)"'. FM 2668 
Matasor4a Cou:atr 

All specifications and special provisions applicable to this pr 4 ~ 1~en••t•-~ as follows; · o~ec are ~ ~ ~--

STP.J>.JDARD SPreiFICATIONS: ~~~~ed by the State Highway Departmen~ ot Texas, Januar,y ~~ 

Items 1 to 9 Incl. General Requirements and Covenants 
Item 110 Roadway Excavation (102)(132) 
Item 120 Channel Excavation 
Item 140 Overhaul 
Item 213 Rolling 
Item 252 Salvaging and Replacing Base 
Item 260 Lime Treatment for Materials in Place (~64)(500) 
Item 262 Lime Treatment for Base Courses 
Item 310 Prime Coat (300) 
Item 320 One Course Surface Treatment (302)(304) 
Item 400 Structural Excavation 
Item 464 Reinforced Concrete Pipe Culverts 
Item 472 Ralaying Culvert Pipe 
Item 496 Removing Old Structures 
Item 550 Right of Way Markers 
Item 580 Structure for Field Office and Laboratory (Type D) 

SPECIAL PROVISIONS: Specie 1 Provisions will govern and take precedence over the 
specifications enumerated hereon wherever in conflict there­
with. 

Required Provisions·Secondary Road Plan ProJects-Federal-Aid Contracts 
Approved September 6, 1962J 

Special Provision to Required Contract Prov. tor Federal Aid ProJects (Group ~togord 
County 

Special Provision "Important Notice to Contrac:tors" (000•··237)(000•"'121,8) 
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 464 (464---005) 
Special Provision to Item 1103 ·(1103---002) ..... . . ..., 

SP:EX;IAL SPECIFICATIONS: 
Item 1103 Flexible Base (Delivered)(llOJ.OOO) 

GENERAL: The above listed specification items are those under which payment is 
to be made. These 1 together with such other pertinent items, if any, as may be 
referred to in the above listed specification items 1 and including the special 
provis ona listed above, constitute the complete specifications for this project. 
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