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As an aid in overcoming the critical shortage of engineering manpower, the 
California Division of Highways has investigated and instituted procedures 
for calculation of traverse and earthwork data by means of punched card e-
qu^pment already available in the California Highway Planning Survey tabu­
lating section. 

This paper outlines the general procedure used by the engineer in prepar­
ing the basic information for computation of traverse and earthwork data. 

Samples show, on a standardized computation sheet, the required method 
of recording the fourteen different problem types currently being processed. 
The results are listed mechanically on a standardized traverse form. 

Eleven samples for earthwork computations are also included, five of 
which show the acceptable methods of recording the terrain notes, and three 
the methods of recording the roadbed notes. Also shown are a method of re­
cording data from contour-grading plans, a method of recording additions to 
the computed quantities for use in compiling data for the mass diagram, and 
a sample of a suggested form for transmitting the data to the tabulating sec­
tion. 

Included is a sample of the tabulated results of earthwork computations 
which is returned to the engineer. This tabulation lists the volume of exca­
vation and embankment between each cross section and gives totals for each 
station. The data furnished wil l also enable the engineer to prepare a mass 
diagram. 

This paper also outlines some of the changes in procedure necessary on 
the part of the engineer to make fullest use of this computing service. 

While the whole procedure calls for a somewhat different approach to the 
problem on the part of the engineer, we have found that the savings in both 
time and money have made this service well worth the effort. 

• THE California Division of Highways has been investigating means of reducing the 
el^sed time and engineering man hours necessary to produce the engineering plans for 
its expanded highway construction program. The Division has particularly been con­
cerned with the time consumed in computing traverses, plotting and planimetering cross 
sections, and calculating earthwork quantities. The time required to make and check 
the traverse computations and to calculate the earthwork quantities manually has been a 
considerable drain on skilled engineering manpower and has also been a significant por­
tion of the cost of preparing the plans. 

For the past 19 years the Division of Highways has utilized conventional tabulating 
equipment for the solution of many problems. These machines have been employed in 
the analysis of origin and destination surveys Including the assignment of trips to pro­
posed facilities, of construction and maintenance costs, traffic accident reports, per­
sonnel statistics, road life studies, road inventories, status of highways, and for many 
other tasks. 

Aware of the rapid development and extended use of electronic computers and auto­
matic calculating processes in scientific, industrial, and business fields, the Division 
has been seeking methods to short-cut the e:q>ensive drudgery of manual calculations. 

In January 1955, the writers were assigned the task of finding which, if any, calcu­
lations made by engineers in the eleven district offices of the Division of Highways could 
be adapted to machine computation. There is little doubt that complete automation would 
be possible for many problems on the complex and expensive electronic computing ma- ' 
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chines now available. The Immediate target, however, was an approach to automation 
through the use of equipment already available in the tabulating section of the California 
Highway Planning Survey. 

F. M. Reynolds of the California Highway Planning Survey and J. C. Young, Design 
Engineer, impressed upon the writers that the reason for the investigation was the ul t i ­
mate release of engineering personnel, now performing the computations, for engineer­
ing functions. Comparative costs were to be considered but were not necessarily to 
control. 

In the California Division of Highways, all phases of the preparation of plans except 
bridge design are the responsibility of the various district offices, and therefore almost 
all engineering computations are made in these district offices. 

Upon investigation it was decided that the greatest immediate over-all benefit would 
be the application of the equipment to traverse computations such as are involved in lo­
cation surveys, intersection design, and right-of-way engineerii^. 

The key to the problem of traverse computation was found in a procedure for obtain­
ing the sine and cosine of a bearing accurately to seven decimal places. 

As the planning and procedure writing progressed, a traverse computation service 
was made available on a tr ial basis to selected units. By July 1955 eight types of tra­
verse problems were considered adequately tested and all districts were informed of the 
required procedures and the service made available for their use. By November 1, the 
following fourteen problem types were in use: 

1. Traverse computation where all sides and bearings are known. This may be used 
for original computations in coordinating a traverse or as a check of ordinal computa­
tions. 

2. Traverse computations where the lengths of two sides are unknown. 
3. Traverse computation where the l e i ^ h of one side and the bearing of another side 

are unknown. 
4. The problem described as Type 1 where, in addition, the area within the closed 

traverse is desired. 
5. The problem described as Type 2 where, in addition, the area within the closed 

traverse is desired. 
6. Traverse computation where the length of one side and the bearing of that same 

side are unknown. 
7. The problem described as Type 3 where, in addition, the area within the closed 

traverse is desired. 
8. The problem described as Type 6 where, in addition, the area within the closed 

traverse is desired. 
9. Traverse computation where the bearings of two sides are unknown and the area 

within the closed traverse is desired. 
0. Traverse computation where the bearings of two sides are unknown. 
C. Traverse adjustment by compass rule. 
D. Traverse adjustment by compass rule where, in addition, the area within the 

closed traverse is desired. 
T. Traverse adjustment by transit rule. 
U. Traverse adjustment by transit rule where, in addition, the area within the closed 

traverse is desired. 
Appendix A contains the Instructions to the ei^ineer on how to submit the above prob­

lem types for machine calculation. It also shows samples of properly submitted tra­
verses and their tabulated results. 

To make use of this service, the engineer in the district office, when confronted with 
a traverse such as the typical example shown in Figure 1, f i l l s out a portion of a tra­
verse sheet with the necessary data, as shown in Figure 2. However, instead of making 
the usual routine computations, he goes on to more productive work. These traverse 
sheets are gathered up and mailed into Headquarters daily; air mall Is used where it 
wi l l materially shorten the time in transit. 

When the traverse sheets reach the tabulating section the data are f i rs t punched on 
cards, one course to a card. The cards are verified by a second punching operation 
and are then ready for the calculator. 
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The bearings are reduced to radians, the sine and cosine computed by the truncated 
formulas: 

x^ x ' x'' Sinex = x - | j . ^ - ^ . . . 

x* x* x ' Cosinex = 1 - - ^ - + . X 
•13: 

and the results punched on the cards in one pass of the cards through the calculator. 

HI 134629.10 

£ 2S45a/.2S 

Figure 1. 
The process developed depends on a modified IBM Electronic Calculator, Type 604. 

However, the following six other types of conventional equipment are also required in 
the process: Q24 - Key Punches Type 082 - Sorters 

Type 056 - Verifiers Type 402 - Tabulators 
Type 077 - Collators Type 513 - Reproducing Punches. 

To process all 14 problem types, 96 separate steps are taken using the above equip­
ment, and 19 different wiring panels are utilized in the Type 604 Calculator. Some of 
these panels accomplish more than one function. 

From a tabulating standpoint the volume of cards handled daily in processing these 
traverse problems is small. However, since calculations are repetitive in nature i t is 
possible to prepare boards which are kept wired permanently for the various steps of 
each problem type. 

This type of equipment is admittedly not the most efficient for these calculations. 
However, the volume of calculations has not been sufficient to warrant one of the more 
ejqpensive computing machines at this time. 
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After all the calculations have been completed and the traverses have been listed they 
are separated by district and mailed. As a general rule, the traverses are processed 
and mailed out the same day they are received. 

In general, no inspection or check of the finished tabulation is made before mailing. 
The users of this service have found that a detailed check of the computations is not 
necessary. A check of the traverse sheet before submitting it for computation, together 
with an inspection of the error of closure, end coordinates, and closure to end coordi­
nates on the completed tabulation wil l usually show up any significant error. 

I t is interesting to note that wherever possible each unknown is calculated separately 
instead of using a forced closure procedure. This provides an additional check of the 
work. 

A sample of the tabulation which is returned to the originator of the traverse is shown 
in Figure 3. 

The whole procedure calls for a somewhat different approach to the problem of tra­
verse calculations on the part of the engineer. One of the greatest obstacles to over­
come was the reluctance of the engineers to tolerate a waiting period of approximately 
one and one-half days between submittal of the problem and the return of the completed 
computations. At f i rs t many of the engineers did not believe this delay was tolerable, 
as they had been accustomed to using the answer of one calculation as a known quantity 
to continue on to the next calculation, a procedure which resulted in a string of interde­
pendent traverses. When the engineer made his own calculations there was no object in 
trying to avoid this situation. 

However, to obtain maximum benefits from the new service, the engineer must plan 
his work to avoid interdependent traverses wherever possible. Controlling networks 
must be submitted in advance of detailed computations so as not to hold up later work. 
He should write as many independent traverses as possible for one portion of the work, 
and then go on to other sections of the job while the computations are being done for him. 
As an aid in this procedure, certain noncritical distances or bearings may be measured 
from a scale drawing of the area, leaving, for example, only two unknowns to be solved 
on a ramp control line. 

The change from the usual procedure is difficult for the engineer to get used to, but 
the saving in time and money makes it well worthwhile. This procedure, of working on 
more than one section of a job at a time, has been accepted almost universally by the 
engineering personnel involved in these computations. Short-cuts are being developed 
within the various design sections, and timing is being revised so that engineering com­
putations are not concentrated at a given time in the design cycle. 

In planning for traverse calculations every attempt was made to keep to a minimum 
the changes in forms and procedures as they affect the engineer. The form used to sub­
mit the data for processing can be used by the engineer for manual calculations as well, 
since i t is similar to our previous traverse sheets. Added to our standard traverse 
sheet are blocks which show problem type, district, group letter, batch number, and 
traverse number. A column for course number was also added. These are to facilitate 
processing of the cards and identifying the completed tabulations for return to the o r i ­
ginator of the traverse. 

Distances may be recorded to an accuracy of Viooo of a foot. However, latitudes and 
departures and coordinates are rounded to Vioo of a foot at the end of each course. When 
the engineer desires to obtain latitudes and departures and coordinates to Viooo of a foot, 
he moves the decimal point for distances and coordinates when recording the data on the 
form. Bearings are recorded to seconds. The calculations of the sine and cosine are 
accurate to seven decimal places, which is considered sufficient since a distance would 
have to be greater than 10,000 feet before accuracy of Viooo of a foot is lost. 

The procedure used in calculating unknowns by use of the tabulating equipment some­
times gives slightly different answers when compared with manual calculations. For ex­
ample, an engineer calculating two unknown sides in a traverse normally calculates one 
unknown side and then forces a closure on the second unknown side. With the tabulating 
procedure setup, each side is calculated separately. Under the manual approach, in 
most cases the traverse wi l l show zero error of closure. Under the tabulating machine 
approach, since the closure is not forced, several hundredths of a foot for the error of 
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closure can appear. The failure to close is bothersome to many engineers as they were 
accustomed to obtaining a mathematical closure but has the advantage that the error 
may be distributed by the engineer in a logical manner. 

To date we have found the procedure gives remarkably accurate results. The few 
errors we have found were usually due to human failure. In most cases errors are very 
apparent as the traverse does not close. Due to the volume being processed it is not 
possible to note all the nonclosing traverses and have them investigated. In the large 
majority of cases the reason for the nonclosure was that faulty data was submitted, 
such as a reverse direction on a bearing, an incorrect distance, or, in the attempt to 
get Viooo of a foot accuracy, forgetting to move the decimal place in both the recorded 
distances and starting and ending coordinates. These errors are left to the engineer, 
who submits the problem, to locate and correct. 

Although comparative costs were not considered as important as a saving in engi­
neering time in the planning of the program, it turns out that the saving in cost is not 
negligible. When we were processing a minimum number of problem types it was esti­
mated that if we could process a thousand courses a day the average cost per course 
would be under five cents. This estimate includes labor and machine rental. This com­
pares with estimated cost of 13 cents per course when done manually, checking not con­
sidered. At present we are processing from 1,000 to 3,000 courses daily. This takes 
from 12 to 24 man-hours of key punch and tabulating machine operator time. 

To obtain an estimate of saving in engineering time is rather difficult since there is 
no such thing as a typical job and the approach to the problem had to be revised for 
greatest efficiency. However, the users of the service have informed us that savii^s 
are definite. Examples are as follows: (a) One squad leader formerly used from three 
to five men for calculating in the designing process. He now uses from one to two. (b) 
One man volunteered the Information that he designed an interchange in approximately 
one-half the time it used to take him. (c) A squad leader informed us that one of his 
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men completed the geometric design of three freeway interchanges in two weeks. 
Before al l of the above-listed problem types were programmed and tested, three dis­

tricts were selected to work with us in planning the procedures for earthwork calculation. 
We were aware that some work was being done by other states in the machine calculation 
of earthwork quantities from cut and f i l l construction notes. However, i t was realized 
that an even larger percentage of time would be saved if it became unnecessary to plot 
each cross section to scale for planimetering to arrive at the earthwork quantities in the 
design stage. The procedure that we have set up enables us to take the terrain data from 
one source and the roadbed data from another, bring them together for the calculation 
of two catch points in each cross section, and then continue for the calculation of the end 
areas by the trapezoidal rule and volumes of excavation and embankment by the average 
end area method. Thus our calculations may be used for preliminary earthwork quanti­
ties in the design stage or for final pay quantities in the construction stage. 

Again, changes for the engineer from his usual methods of keeping notes were kept to 
a minimum consistent with machine processing of the data. Appendix B contains in­
structions to the engineer on how to submit earthwork data for machine computations. 
It contains samples of properly filled out data sheets. 

Terrain notes or original ground cross sections may be submitted as true elevations, 
as rod readings, or as a difference in elevation from centerline or offset line. Tran­
scribing of field notes prior to punching is not generally necessary. Figure 4 shows a 
sample of terrain notes based on rod readings. Roadbed template notes may be submit­
ted as true elevations or as a difference in elevation from centerline or offset line. Fig­
ure 5 shows a sample of roadbed notes based on difference in elevation from centerline. 
Roadbed notes may be given to subgrade or to finished grade, in which case correction 
quantities may be submitted in tabular form. Thousands and hundreds of feet may be 
omitted from the elevations as long as they are recorded on the same basis for both ter-
train and roadbed notes for each cross section. 
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Figure 6. 

The following tabulations are furnished to the engineer: (1) a tabulation of reduced 
notes for terrain and roadbed, containing elevations and distances from centerline to a 
tenth of a foot; (2) a tabulation of catch point elevations and distances from centerline 
which is used in plotting the limits of the work for right of way acquisition and for use 
in slope staking; (3) a tabulation showing stations, end areas, quantities, shrinkage 
factors, and mass diagram ordinates. A sample of this tabulation is shown in Figure 6. 

The quantities for each side of a divided highway may be computed separately and 
subsequently comlnned with quantities for frontage roads, ditches, and corrections for 
the structural sections to provide totals and mass diagram ordinates by stations. 

Althoi^h a basjc procedure has been set up for earthwork, each job has a certain 
amount of work that requires individual attention. 

The cost by station of computing earthwork quantities by machine is not uniform. 
The cost of punching is directly proportional to the number of points used for the road­
way and for terrain. The cost of processing the cards is dependent on the number of 
points involved, the number of cross sections taken, and the type of processing required. 
These factors vary considerably in different areas of the state and depend upon the type 
of terrain and the facility proposed for construction. Further savings in design time 
can be realized, however, by the re-use of the terrain data for several t r ia l lines. Oc­
casional savings can be made in the re-use of roadbed notes when uniform portions of 
roadbed data from one t r ia l line can be used in subsequent lines. 

The procedure as set up arranges for the notes to be transmitted to the key-punch 
section in installments to reduce the punching load. It has been determined that a key­
punch operator wi l l punch and verify over 1,200 points per man-day of terrain or road­
bed notes. 

On a divided highway project, ten miles in length, through rolling country, the engi­
neer was furnished, within ten working days after the completion of the punching phase, 
computed elevations and distances from centerline of catch points, end areas and vol­
umes of cut and f i l l , and ordinates for a mass diagram. Several projects of this sort 
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may be in process simultaneously. Processing of the cards was accomplished by tabu­
lating personnel supervised by professional personnel in a non-engineering classifica­
tion. This compares with estimates of four engineering man-months to do the equiva­
lent work in the district office. 

While our use of business machines for earthwork computations has not been made 
available to all districts in the Division of Highways at this time, since we st i l l consider 
it to be in the tr ial stage, indications are that savings in engineering time and cost rea­
lized in this computation procedure may exceed the savings that are being realized by 
the machine computation of traverses. 

It is realized that further savings wil l occur should the volume of this work increase, 
requiring the use of a more advanced type of computer such as an IBM Type 650 Drum 
Calculator. Not only is it expected that the cost wi l l be reduced but the over-all pro­
cessing time after the key-punch phase wi l l also be reduced materially. 

A p p e n d i x A 

Instructions for Calculation of Traverse Data by 
Punched Cards 

The traverse computation service is furnished by the Tabulating Section of the Cali­
fornia Highway Planning Survey. It may be used either for original computations or as 
a check of the districts' calculations. 

This service is limited to the problem types listed below. The necessary informa­
tion is to be furnished on Form WH-328 in accordance with the following instructions: 

F i l l in the blocks in the upper right-hand corner for identification purposes during 
processing as follows: 

Problem Type 
Record the number of the problem type from the following list: 
1. Traverse computation where all sides and bearings are known. This may be used 

for original computations in coordinating a traverse or as a check of original computa­
tions. 

2. Traverse computations where the lengths of two sides are unknown. 
3. Traverse computation where the length of one side and the bearing of another side 

is unknown. 
4. The problem described as Type 1 where, in addition, the area within the closed 

traverse is desired. 
5. The problem described as Type 2 where, in addition, the area within the closed 

traverse is desired. 
6. Traverse computation where the length of one side and the bearing of that same 

side are unknown. 
7. The problem described as Type 3 where, in addition, the area within the closed 

traverse is desired. 
8. The problem described as Type 6 where, in addition, the area within the closed 

traverse is desired. 
9. Traverse computation where the bearings of two sides are unknown and the area 

within the closed traverse is desired. 
0. Traverse computation where the bearings of two sides are unknown. 
C. Adjustment of traverse by compass rule. 
D. Adjustment of traverse by compass rule plus area of the adjusted traverse. 
T. Adjustment of traverse by the transit rule. 

U. Adjustment of traverse the transit rule plus area of the adjusted traverse. 

District 
Record the district in arable numerals. 
In Districts IV and VH, for ease in distribution, separate district numbers for use by 

sections submitting this work are assigned as follows: 
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District IV. 4 - R/W Engineering; 24 - Design - J. C. Black; 34 - Design - W. P. 
Smith; 44 - Design - A. E. Simmons; 54 - Design - J. A. Spence; 64 - Surveys; 74 -
Administration - H. S. Miles; 84 - Construction. 

District v n . 7 - Design A - J. E. Eckhardt; 17 - Design B - E. G. Hanson; 27 - De­
sign C - L. S. Van Voorhis; 37 - R/W Engineering; 47 - Surveys; 57 - Construction. 

Headquarters departments wi l l use District 13. The Division of Water Resources 
wil l use District 73. 

Other sections or districts desiring special district number assignments for this 
work may request them from the Tabulating Section. 

Group Letter 
Record the group letter ass^ned to you. 
Group letters A through Z should be assigned within the district to various depart­

ments or sections which wil l be submitting work. The Tabulating Section should be fur­
nished a list by the district showing the person or section to which each group letter is 
assigned. 

If the district desires that work submitted under various group letters be mailed 
separately to reduce the time loss in distributing the completed calculations, this fact 
should be indicated on the list. Please inform the Tabulatii^ Section of changes in group 
letter assignment. 

Batch Number 
Within each group, give a batch number to each separate transmission of traverses 

to headquarters. The numbers from 1 to 99 may be used. 

Traverse Number 
Within each batch, number traverses to a maximum of 99. 
The same group, batch, and traverse designation should not be repeated within five 

working days. 
The bocfy of the sheet is to be filled in as shown below. Also, see the special re­

marks for the particular problem types that appear after these general instructions. To 
facilitate the card-punch operation, vertical lines have been ruled in the various columns 
on the sheet. Place only one figure to a square, oriented with the dashed line as the 
decimal. 

Station 
This column need not be filled in except for the recording of "add" or "subtract" for 

segments of circular areas as discussed under Problem Types 4, 5, 7, 8, and 9 below. 
It may be used for supplemental notes for district use if desired. 

Course Number 
Identify as Course 00 the beginning coordinates of the traverse. Then number the 

courses consecutively from 1 to a maximum of 98. 
In all traverses containing unknowns, identify the ending coordinates as Course 99. 

This must be done for both closed and open ended traverses. 
When Problem Types 4, 5, 7, 8, and 9 contain circular segments, certain course 

numbers are to be circled as discussed under these problem types. 

Distance 

Record the distances to thousandths, using the dashed line as the decimal and fil l ing 
all the spaces to the right of the decimal. The maximum distance that can be handled 
either as given data or the solution of an unknown is 99,999.999. 

In traverses containing unknowns, place a question mark in the spaces where the un­
knowns occur. 
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Bearir^ 
Record the bearing In degrees, minutes, and seconds. Decimals of seconds cannot 

be handled. Due north should be recorded as N 00-00-00 E, due west as N 90-00-00 W, 
etc. 

In traverses containing an unknown, place a question mark in the space where it 
occurs. 

In Problem Types 4, 5, 7, 8, and 9 containing circular segments, the delta of the arc 
is recorded in the bearing column below the regular traverse as discussed under these 
problem types. 

Functions 
These columns need not be filled in, as the functions are computed by the punched 

card equipment. The columns appear so that the forms may be used for district com­
putation as desired. 

Coordinates 
Fi l l in the coordinates of the origin of the traverse to two decimals opposite Course 

00. The California Coordinate System should be used when the work in on that basis. 
If these are not available, coordinates should be assumed preferably of such size that 
negative coordinates do not occur, even at the center of long radius curves. 

In all traverses containing unknowns, record the ending coordinates after the last 
course of the traverse and identify as Course 99. This must be done for both closed and 
open ended traverses. 

The coordinates of Course 00 and Course 99 may only be given as positive or zero. 
However, if the traverse proceeds into another quandrant, the true negative coordinates 
wi l l be tabulated. Therefore, to record a traverse occurrii^ in other than the NE quad­
rant begin on a zero coordinate line and use one or more courses with bearings of 90 
degrees or 0 degrees to go to the beginning of the traverse, and, if course 99 is required, 
return in the same manner. 

General Notes 
Do not place more than one traverse on a single sheet. Al l latitudes, departures, 

and unknown lengths are calculated to thousandths of a foot, and printed to the nearest 
hundredth. 

An asterisk preceding a number on the tabulation sheet mdicates a negative number. 
On the completed tabulation sheet, the error of closure wil l appear after the last 

course in the latitude and departure columns. This figure should be examined for closed 
traverses to see that i t is within allowable limits before further use is made of the tra­
verse. In open ended traverses, the figures in this position give the latitude and depar­
ture of the closing course. 

Where unknowns are involved and a Course 99 is given, the difference between the 
tabulated coordinates of the end point of the traverse and the given coordinates of that 
point, if any, wi l l appear in the coordinate columns on the line below the listing of 
Course 99. The last set of numbers in the coordinate columns are meaningless and 
should be ignored. 

Remember that the Headquarters personnel working with your sheets are not engi­
neers. To avoid errors, follow these instructions carefully and write clearly. 

Traverse sheets for computation should be mailed to: G. T. McCoy, Attention CHPS 
Tabulating Section, Room 547, Public Works Building, Box 1499, Sacramento 7, Cali­
fornia. 

To reduce delay in the mail it is recommended that the traverse sheets be mailed 
separately by the districts, and not included in the regular bulk mailing. The use of air 
mail is suggested where this wi l l materially reduce the time in transit. 

Traverse sheets wi l l not be returned to the district with the completed tabulations 
except where errors or incorrect recording methods are found. 

The calculations for these problems are based on seven place functions, and latitudes 
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and departures correct to one hundredth. Therefore, closures on problems involving 
flat angle intersections or extremely unbalanced length of sides in the two unknowns, 
and which usually involve special calculation procedures in the district, may require ad­
justments by the engineer when the tabulations are returned. 

If it is desired to use thousandths in the coordinate field or to obtain unknown distances 
to thousandths, it is necessary to record both the distances and coordinates one space 
to the left of the usual position. 
Special Notes for Problem Types 4, 5, 7, 8, and 9 

Where the area desired is bounded in part by curves, list the traverse as passing 
through the center of the curve (BC to R, and R to EC) and circle the course number of 
the f i rs t of the two radius courses. In this case the traverse may not start at the center 
of a curve. Also, record at the bottom of the traverse the circular segment to be added 
to, or subtracted from, the traverse area as follows: 

1. Indicate in the Station Column "add" if the segment is to be added to the traverse 
area or "subtract" if it is to be subtracted to obtain the net area. 

2. Record the course number of the circled radius. 
3. Record the radius in the distance column. 
4. Record the delta of the curve in the bearing column. 
The area bounded by the long chord of the curve wil l then be calculated and listed, the 

areas of the segments and the net area of the traverse wil l be computed and listed. 
The delta of curve segments must be given by the engineer. It cannot be computed 

from an unknown radial bearing in Problem Types 7, 8, pr 9. 
The area of segments with a delta greater than 180 degrees cannot be computed by 

the machine. In cases where this occurs the traverse may be written so as to split the 
curve into two segments. 

On curves of large delta and long radius where the long chord would cut other lines of 
the traverse, the curve must be broken into smaller segments, as in the manual proce­
dure, to avoid a false area. 

Note that we do not handle areas containing circular segments in Problem Types D 
and U. 

Special Notes for Problem Types 3, 7, 9, and 0 
Since there are usually two possible solutions to Problem Types 3, 7, 9, and 0 the 

person submittii^ these problem types wi l l have to provide for two solutions by indicat­
ing in the traverse block two numbers that are consecutive. Both solutions wil l be re­
turned, one under each of the traverse numbers indicated. The engineer wi l l discard 
the unwanted solution. 

Special Notes for Problem Type 6 
Where a series of coordinates are known and the distance and bearing of the courses 

are desired, they may be listed as Problem Type 6, as shown in the sample traverse 
numbered 31 to 37. In this case, each course is tabulated as a separate traverse and 
one traverse number must be allowed for each course. 

List the coordinates in order on the sheet. Number the f i rs t set as Course 00; the 
last, 99. Oo not number the intermediate courses or coordinates. 

Special Notes for Problem Types C, D, T, and U 
The data for traverse adjustment may be transmitted to Headquarters in one of two 

ways. The f irs t , shown in traverse 10, is by returning a tabulation sheet marked as 
follows: 

Cross out the original problem type and write in the letter for the problem type de­
sired. If both compass and transit adjustment are desired, two letters may be used on 
the one tabulation. The group, batch, and traverse numbers may remain the same, or 
can be changed, if desired, crossing out the printed one and writing a new one below. 

At the bottom of the traverse, below all other figures, write 99 in the course column, 
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and opposite this in the coordinate columns, write the end coordinates to which the tra­
verse should be adjusted. These may be the same as the 00 coordinates, or may be dif­
ferent. Where the information is submitted on a tabulation sheet, it wi l l be returned to 
the district with the adjusted tabulation. 

If the original traverse has been computed in the district, the work may be submitted 
as in Traverse 11. Only the data required by the tabulating section is shown on the sam­
ple. Bearings and functions may be recorded if desired. Do not include intermediate 
coordinates. Two problem type letters, C and Tor D and U, may be recorded if desired. 
The coordinates of the origin are recorded and identified as Course 00. Courses are 
numbered and listed in order, and the distances recorded. Calculated latitudes and de­
partures are recorded in the coordinate field to hundredths. North and east are shown 
by a plus sign, and south and west by a minus sign. The end coordinates to which the 
traverse is to be adjusted are listed at the end and identified as Course 99. These may 
be the same as the 00 coordinate, or may be different. 

Since in adjusting a traverse any pairs of radii wi l l not usually remain the same length, 
and since the delta between them wil l change in the adjustment, we are not prepared to 
handle areas containing circular segments in Problem Types D and U. The area fur­
nished wil l be that bounded by the traverse lines. You are cautioned that, as in the man­
ual procedures, when any course crossec another, a false area wi l l result. 

Sample Traverse Sheets 
CHPS TRAVERSE SHEET 

pmH£M TVK 1 ta tktm ft > f h p tmmm B Tw* I B M mmm 
t . Tm M M MkMMi 1M* • la k*wk| 

M M M T maup 
LETTCn 

•ATCN 
NO 

THAV 
MO 

\ 1 >M* ft 1 toMlM MkMM 7 T f n a mm VM 
« T|»l 1 M * • IV** • •">> K M 1 13 A 4-6 12 

iDiiiQSBQBCiBsaiiinnfl 

l!:illlS3]SBBSBnDBBS 

TT 
afflnHBRBBinHRnBSlH 

1.6 

I I I I I 

6 2 

Z l l j 

l O l l i 

3 4 0 

3 9 5 

1 6 0 

S 3 0 

6*5 
S*4 

T R A V E R S E C O M P U T A T I O N S • ^ . ' ^ 

4 6 6 0 3 B 3 

3 7 5 9 4 9 5 

4 5 0 J 5 o ? 

P 9 9 7 7 4 3 

1 0 0 0 1 4 0 5 

1 8 6 3 1 0 1 9 

|8 8 4 7 6 4 0 

2 1 7 9 9 6 6 

13 9 2 8 4 8 0 

|0 2 1 2 4 2 9 

i o o o o o o o 

0 5 0 2 9 9 117^5 9 

9 3 8̂ 5 9 

a P 1 6 3 i 

C 0 1 6 6 4 3 4 

•3014 58 0 3 

3 0 1 4 44<'P 

2 0 2 < 5 & ' J 9 

a 0 ' ' 4 5 ^ 2 5 

2 0 -> 3 7 Sj'i S 

2 0 2 5 7 3!J 

1 1 3 4 ( ! ^ 1 B 

1 1 3 4 0 6 " ^ 

i n 4 ' i 3 0 4 

1 1 3 4 0 7 C 0 

J 1 J 4 4 " r f r 

1 1 3 4 4 7 3 4 

1 1 . - 1 a 

1 1 ' 5 1 6 
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CHPS TRAVERSE SHEET 
«. I M • MkNitaf 

MOB BIST LETTER 
BATCH 

ND 
TNWf 

MO 
7 Trpi S • ) » WM 
• Ikpi « WM 2 13 A +8 

eOOKOINATCS 
2 0 8 ^ 2 8 9 ^ 

iniini]EEn[]asQB[;]i^[;]i! 

2 ^ 

IQIIIIHIIS]Sa!;iBB39 

m 

Bill b at. 

a l 3 A 4 8 h . 3 

1 9 9 i 5 1 0 N 7 5 5 8 38 

l is 1 4 0 1 3 S 

» b 8 b 7 5 3 E 

T R A V E R S E C O M P U T A T I O N S 

IS 4 2 3 0 7 6 
I 
j 9 7 0 1 9 9 5 

| 0 4 a i S 7 1 

1 5 3 6 7 8 0 2 

| 9 7 0 1 9 9 5 

| 2 4 2 3 P 7 6 

5 3 9 2 3 2 2 

B 4 3 7 2 2 1 

4ej3 4 
I 

1 1 8 l |4 6 

1 0 2 ^0 3 

1 0 •̂ 0 9 

1 9 3;5 S 

i 
2 9 s ! n 7 

6 5 6j9 

1 6 81 

2 0 0 0 3 8 « 1 7 
I 

P 0 7 8 3 5 i 4 1 

2 0 7 5 4 0 

13 0 4 0 5 6 7 

1 3 0 2 5 0 2 4 ? 0 n i < . 7 B 0 

1 3 0 3 5 7 3 3 SOBO 

S r 9 P 9 9 P 9 S9 99 9 ISO 



82 

CHPS TRAVERSE SHEET 

& I t f M > I t M f k « M l . 

TT 

mM^mmmmnnm 

3 8 4 S 9 7 9 1 2 6 5 0 

7 5 9 8 2 0 SB 3 1 1 9 7 0 8 5 

El Kosssai 6 5 2 3 5 9 

T R A V E R S E C O M P U T A T I O N S 

6 1 1 4 7 3 3 

9 9 2 S 0 9 1 

7 9 5 5 4 9 8 

3 0 4131 
i 

9 0|9 3 

3 9 5 i 2 6 

3 3 5 

7 5 4 

5 1 8 

1 3 0 8 5 31 

1 3 0 4 5 al 

|10 2 0 9 3 8 7 1 

2 0 9 S 2 2 1 " 7 

2 1 0 3 76>4 3 

2 1 0 8 9 5 4 1 

9 9 9 9 9 91 

7 9 1 2 6 5 0 9 3.7 7 

8 3 0 7 1 1 9 7 0 8 9 7 5 9 B 2 0 

6 5 2 6 1 7 0 2 0 6 

T R A V E R S E C O M P U T A T I O N S . 

6 1 1 4 7 3 3 

1 9 9 2 8 0 9 1 

7 8 6 9 4 7 0 

3 1 ] | 5 8 

9c i9 3 

4 0 £ | 5 2 

7 5 4 

5 1 3 

1 3 0 6 4 0 

1 3 0 9 5 2 

1 3 0 8 6 

1 3 0 4 5 8 1 

2 0 9 3 8 7 

2 0 9 6 2 7 

2 1 0 3 3 2 

2 1 0 8 9 5 

1 0 

88 

04 

41 
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CHPS TRAVERSE SHEET 
raol 
TYK DMT •ROUP 

LETTER 
•ftTCH 

NO 
m w 

NO 

4 13 4S 16 

op 

lElinBnilQQGSIDDSQBa 

TT 

! ^ l l M r n f t lEIIDBmBQIElElQBQESI 

1 0 3 « 2 a d N 0 0 

7 S ^ a o d 3 4 5 0dO(4E 

7 SjOOC H 5 « 

1 0 1 l j« 3 0 3 0 1 

lOI^OOO S 1 9 

i o c i o o c t 3 a i a | o a | 

3 9 

i j o a 

3 0 0 0 

0 2 9 4 7 1 

a|4 0 

0 418 3 01 

T R A V E R S E C O M P U T A T I O N S ^ ••^.<M 

1 9 9 9 9 2 6 5 

7 0 7 1 0 6 8 

5 0 7 6 3 0 3 

9 9 9 7 7 4 3 

9 4 2 6 4 1 5 

8 6 4 6 6 7 3 

0 1 ^ 1 2 0 ( 

7 0 7 1 0 6 8 • 

|a 6 1 5 7 5 I 

0 2 1 2 4 2 9 • 

3 3 3 8 0 6 9 • 

5 0 2 5 1 7 ( 

(••.4Ut.'»a3 6 3 ^ 0 M « l . 

0 5 9 

o i a 

1 0 3 ^ 1 4 

5 2|0 3 

3 e j o 7 

1 0 1 ] j 3 9 

9 ^ 2 6 

8ei46 

f/U. alua. - * ^ 4 o d 

T 
5 3!0 3 

21 j49 

32138 

50125 

9 6 a i l | 4 3 

7 6 3 2 s i 2 l 

6 2 

l o o o o o t o o 

1 0 1 0 3 4 j l 4 

1 0 0 9 8 l j l l 

1 0 1 0 1 9 j l 8 

1 0 0 0 0 Ti7» 

9 9 9 1 3 ( 5 3 

9 9 9 9 ^ 9 9 

9 9 99i<9 9 

z o o o o o i o o 

i 
1 9 9 98'^4 7 

2 0 0 0 4 ^ 5 0 

2 0 0 1 0 ^ 1 2 

2 0 0 0 8 3 | 6 3 

3 0 0 0 5 ( ^ 2 5 

2 0 0 0 0 ( ^ 0 0 
2 0 0 0 0 ( ^ 0 0 
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MMMXH TYH 1 W M t * • l u ' l i p tmm 1 Tf f i 1 wM MM 
t . Tm M M MkMM t . I M • Ik > M H H 
& 1 M * • 1 kMrhn MkMM 7 TIP* 1 mm mm 
« Ifm 1 Bltfe MM • Tjwt • aUk m— 

ItPt 
OMHIP 
LITTH 

UTCH 
M 

TRW 
MO 

MMMXH TYH 1 W M t * • l u ' l i p tmm 1 Tf f i 1 wM MM 
t . Tm M M MkMM t . I M • Ik > M H H 
& 1 M * • 1 kMrhn MkMM 7 TIP* 1 mm mm 
« Ifm 1 Bltfe MM • Tjwt • aUk m— 5 13 A 45 17 

t n T M N cs 
m 

OltTiWCE • E M M * 
FUIIC 

; cos 

T i o m CO 

N 

DROIII ATES 

e 

DC 1: it 0 7 ! i 14 

I. '3/ 1 ' 

J I. 5 5 • 9i .*E 

9 S 

4 m 

T R A V E R S E C O M P U T A T I O N S 

1 7 9 1 2 6 5 0 

| l 4 0 3 3 7 6 

16 1 8 0 8 G 3 

6 1 1 4 7 3 3 

9 9 0 0 9 6 6 

7 8 6 1 0 0 7 

3 1 ^ 4 7 

l i d s 2 

4 2Sl9 9 

3 | 1 0 S 

5 1 0 2 

2 4 1 

7 7 9 

5 3 7 

1 3 0 6 2 0 7 2 

1 3 0 9 3 3 1 9 

1 3 1 0 4 3'7 1 

1 3 0 6 2 oV 2 

2 0 9 4 121? 6 

2 0 9 6 5 3'7 3 

2 0 8 8 7 4 1 2 7 

2 0 9 412<2 5 

9 9 9 9 9 9 9 8 / 

MOnXH TVK 1 Ml IWW » mr i ap M — • TMi > « M 
1. T M M M MkMM ft I M t » Hii*wli> 
S. 1 M * • 1 kMTlai M t M M 7 Tfm 1 Mlit WM 

« ln» 1 allk VM • I k n • aMl MM 

t m SOT BVCH 
NO 

T«W 
MO 

MOnXH TVK 1 Ml IWW » mr i ap M — • TMi > « M 
1. T M M M MkMM ft I M t » Hii*wli> 
S. 1 M * • 1 kMTlai M t M M 7 Tfm 1 Mlit WM 

« ln» 1 allk VM • I k n • aMl MM G 13 A 48 /8 
STATION CO 

m 
D M T U I C E 0 EAMINO 

r u N c 

cos 
TIOIIS 

SIN 

COI 

N 

WDIM TES 

E 

oc > 1: ^̂  675 > z n 191 s 

I. 
I I III I I • 1 I I I I I I 11 mi 

9 ! 

• 

2 2 5 l | 9 7 S1K)6 

T R A V E R S E C O M P U T A T I O N S 

1 3 0 4 2 6 1 7 9 

1 3 1 6 5 8 1 9 

9 9 9 9 9 9 9 9 

2 6 1 5 3 6 U 8 

l9 9 
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CHPS TRAVERSE SHEET 
9 TMt K • m M 

B. IriM • m bawtat 

pma 
T T « LETTn 

BKTCH 
NO NO 

7 Ttm 3 am ma 
B Ika* B am arM 6 13 A 48 i\ 

STATIOM e t 
M 

' O M T U I C C • U B I H B 
FUNCTIONS COORDINATES 

STATIOM e t 
M 

' O M T U I C C 
S i COS SIN N E 

0 3 / 9 / 7 8 07 z !8 / fi 3 5 It 
? 

1 9 ( E 2 53 i !8 I 6 1 01 i 
? 

; 9 / 5 3 1 2 0 18 1 S 0 37£ 
? 

? 1 1 1 1 1 • 1 II I I 1 1 1 • 1 
1 9 2 0 1 es 7 >8 1 1 s } 8! 

? 
1 9 3 1 ( 59 2 !B Z s 3 94! 

? 
9 3 8 4 ss 2 £8 3 7 3 44< ) 

? 
9i » 9 3 7 4 t 2 9 16 3 S 3 44e 

Itaf D m PUNClt 

M r l l * 

CBIG Oatt 

C U Data 

jOat* 

CU oal* 

D I f c« I . S I t . 

• M k 

Itaf D m 
CBIG Oatt 

C U Data 

jOat* 

CU oal* 
I t M • M k 

CHPS TRAVERSE SHEET 
MOBLCM TVPC 1 Ml «ia«t S klMhw ta«M 

1 . Taa (laai natataa 
9 T|pt B am a m 
B. 1M* • Ik kiallaf 

MOB DMT eaour 
LETTEN 

BftTCH 
MO 

r a w 
MO 

3. 1 11— B 1 Matlai NtMaa 
4 T f f i 1 wtn mm 

7 T m a allk V N 
• ^ B araa 7 13 4a 19 

COORDINATES 

2436 IP I J 

isiiinssBBBi^neieiResR 
lEIMBI^BBn^BligBQ: 

SiiMrnd 

B u t Co ftu Sac 
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1 

7 s o o a s 

SI0 0 a N S 9 

101116 2 

1 0 l | O O O S 1 9 3 C O O a 

1 0 oio 001 3 0 1 0 0 0 1 

l | 0 a i 2 5 

3 4 0 6 

1 8 3 a * 

5 2 3 

llO 4 0 0 8 

T R A V E R S E C O M P U T A T I O N S — 

9 8 ' ^ 8 2 • l l i 9 7 

52 (03 52t03 

3Cj07 6 4 6 2 

1 0 1 1 ) 3 6 • 2 3 | l l 

9 ^ 2 6 I* 33(38 
i 

8 ^ 4 6 S q 3 5 

1 9 9 9 9 2 6 5 

7 0 7 1 0 6 8 

[ 5 0 7 6 3 0 3 

9 9 9 7 3 9 1 

1 9 4 2 6 4 1 5 

8 6 4 5 6 7 3 

jo 1 ^ 1 2 0 ( 

7 0 7 1 0 6 8 

B 6 1 5 7 5 ( 

0 2 2 8 4 2 < 

3 3 3 8 0 6 S 

5 0 2 5 1 7 1 

4 C i 3 0 

=134̂  
05Et 9 6 8 1 - I t 4 3 

O l d 7 6 2 2 9 ( 2 0 

d 3 8 7 

1 3 7 2 4 ^ 9 1 

1 3 8 2 3 * 7 3 

1 3 e i 8 « 7 0 

1 3 8 2 1 4 7 7 

1 3 7 3 0 T I 4 1 

1 3 7 1 1 ^ 1 5 

1 3 7 1 9 ^ 6 1 

( 4 ^ 3 ^ 

9 9 9 9 5 3 6 9 

3 4 3 6 1 0 i l 5 

3 4 3 5 9 8 , 1 8 

2 4 3 6 5 1 2 1 

3 4 3 7 1 5 8 3 

3 4 3 6 9 2 1 7 3 

3 4 3 6 5 9 i 3 4 

2 4 3 6 0 V 0 9 

^ oe' 

9 9 9 9 9 8 , 9 3 

1 

L l 0 3 4j3 3 ( P I 0 0 4 1 4 0 1 

7 5 |ooo |s4 5 00 0 0 E 

S 9 2 9 3 S E 7 5 i 0 0 0 | 

1 0 1 1 , 6 3d 

T R A V E R S E C O M P U T A T I O N S 

ioijooosi9 3 d o q r i 

i o o l o o a w 3 o 

1 9 9 9 9 2 6 5 

17 0 7 1 0 6 8 

5 0 7 6 3 0 3 

1 9 9 9 7 7 4 3 

9 4 2 6 4 1 5 

8 6 4 5 6 7 3 

10 1 2 1 2 0 ( 

7 0 7 1 0 6 8 

e 6 1 5 7 5 ( 

0 2 1 ^ 4 2 9 

3 3 3 8 0 6 9 

5 0 2 5 1 7 ( 

1 0 3 ^ 1 5 

53103 

3 8(0 7 

1 0 11!3 9 

9 ^ 2 6 

8 J 4 6 

9 6 8 1 ' ^ , 4 3 ^ 0 5 9 

76 33912oy o i a 

a 4 o a 

12153 

5 3|0 3 

6 4,6 2 

2 1J4 9 

3 3(3 8 

50(35 

1 3 7 3 4 1>,91 

1 3 8 3 8 0 ( 0 6 

1 3 8 3 2 7̂ 0 3 

1 3 8 2 6 5,10 

1 3 7 3 5 3 7 1 

1 3 7 1 5 914 5 

1 3 7 2 4 5,9 1 

9 9 9 9 9 9 I 9 9 

2 4 3 6 1 0 , 1 5 

2 4 3 5 9 7 ' 6 3 

3 4 3 6 5 0 6 5 

3 4 3 7 1 5 2 7 

2 4 3 6 9 3 7 8 

2 4 3 6 6 0 4 0 

2 4 3 6 1 0 1 5 

9 9 9 9 9 ^ 9 9 

M. S » » l l . < 
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CHPS TRAVERSE S H E E T 
t . Turn H M 
& I t M i ft 
< TIM > m 

ft kwrlaiakMM 
• M t a m 

9 T|rH t «Hk WM BIST Mour 
UTTM 

BATCH 
NO 

TRBV 
MO t . Turn H M 

& I t M i ft 
< TIM > m Ik WM • D M • «H»Ma 6 13 A 4ft 2! 

ITftTION cs OIITUieE 
FUNC 

COS 

T I O H COOROIttJITCS 

SIN N 1 1 E 

0 ( > 

) 

9! ! 
I I I I I I M l I I I I I I I I I • • I 

Her tato 

VlTll» 

Cale w t 

Ckd Data 

Plot Data 

Ckd Data 

D i i t Ca K t i 

Itam 

lac 
Sktat 

Book 

1 0 1 4i07 6 9 2 7 0 9 

5 6 2 8 9 9 srr a 4 9 s e 

1 8 2 3 6 4 

1 8 2 3 6 4 

T R A V E R S E C O M P U T A T I O N S 

|7 9 1 2 6 5 0 

1 3 5 0 9 8 3 8 

13 3 8 1 2 6 3 

1 6 1 1 4 7 3 3 

9 3 6 3 8 1 5 

9 4 4 S 6 4 3 

5*973 
I 

3 5 5j9 2 

1 8 ^ 8 1 

4 j l 8 7 

4 ! l8 7 

4 1 7 

9 4 9 

5 3 1 

I O O O O O O O 

1 0 0 5 4 0i7 3 

1 0 0 1 8 4 8 1 

I O O O O O O O 

9 9 9 9 9 9 9 9 

2 0 0 0 0 OK) 0 

2 0 0 4 1 7 . 8 7 

1 9 9 4 6 8 3 1 

2 0 0 0 0 0 0 0 

99 9 9 9 9'9 9 
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CHPS TRAVERSE SHEET 
TYPE I AN i l M i A MWiH* kMM 9 Tfpi < aM « M 

C TM « i H MkMM ft l lMi A lb kMffeU 
1 I (M* • I k*«>i»t lakiMa r TfN 9 « N 
* Ty»i I l i t * M * • l^W. • -Hk tria 13 48 

STATION CSI 
tto. 

oc 

DIS TANCE sc Alt N « 
FUMC 

COS 

noHS 

SIN 

> 3 < 

N 

C 

1 7 3 

)OltDIN 

3 2 

AXES 

E 

ZStl 
1 

I I I I • •1 l U I II I I I 1 I I I I 1 
* / 21 7 7 7 < 

/ 2 g 3 3 1 J 

11 I D m m m I I I I I I I I I 1 
/3t > 7 3 3 loso 1 

T R A V E R S E C O M P U T A T I O N S 

fel 1 

1 9 9 i 5 1 0 h ^ 5 5a-gBBr 48134 
1 3 0 4 0 5 | 6 7 

1 3 1 4 3 3 1 1 2 

| ? 3 9 4 7 5 
1 3 0 2 5 o!24" 

SUTBOl 1 3 0 3 5 7 1 3 3 

9 9 ^ 9 9 9 ! 

P S T E 

T R A V E R S E C O M P U T A T I O N S 

It 
2 0 8 0 2 8 i 9 7 

895 !65 

1 8 1 B I 3 30|Nl32l37| i iU|L ia 4 a 1 i 5 Ol 
1 3 0 a 51)18 4" 

i 5 3 i 7 B 0 a 1071119 
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CHPS TRAVERSE SHEET 
PROaUH TYPE 1 Ul ft kiarlRft itmmt 9 Tm • •>» M l MOB 

TYPE 
DIST emup 

LETTCR NO 
TBAV 

MO 
1 1 iMa ft 1 kaarlAi lakittM 7 I f f 3 sltk (TM 
4 Tr*i 1 Bltk oraa a T^M ft >Mk aria 13 A 48 f 

2 

STATION e s t 
Na OlSTANCe EARIN > 

PUNC 

COS 

TIONS 

SIN 

COO 

M 

ROi M T E S 

0 0 It 1 7S 07 12 Z3 n.. 
1 1 1 1 • 1 • • 1 1 • 1 1 1 1 1 ' I 1 

2 / 2 / 77 5 0 > 

3 / 2 / 83 3 0 N 3 Z 3 7 3 E 
- -1 f / a - -

9 t 1 je 07 z i 13 4 6 f /7j t 

T R A V E R S E C O M P U T A T I O N S 

1̂  1 1 1 ! J 
AfMkB«M«rMI 11 1̂  1 1 1 ! J U i l . . l«Mlaf I M h 1 lari !'] 1̂  1 1 1 ! J U i l . . l«Mlaf !'] 

n 4 I I 1 ! 1 
[ 1 O 1 "7 n f l | 7 9 9 X 0 1 ! 7 9 
1 

1 1 oo «! 1 n N 7 S sa 1 R a 4 5> H T 7 it n u 1 Q i 1 
1 o 1 « p Q<n n P ' ^ ^ ^ O R M e. 

i 
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A p p e n d i x B 

Instructions for Calculation of Earthwork Data by 
Punched Cards 

The tabulating section of the California Highway Planning Survey is now prepared to 
compute elevations, earthwork quantities, and mass diagram ordinates from data sup­
plied by the districts. This service is being furnished with the intention of relieving en­
gineering personnel from monotonous routine plotting of cross sections and calculating 
of earthwork data, giving them more time for actual engineering work. In preparing 
this service every attempt was made to make as few changes as possible in the normal 
approach to the problem by the engineer. The changes that do occur have been found 
necessary to mechanically process the data. 

It is not intended to eliminate all plotting of cross sections. However, it is believed 
that only representative and critical sections need be plotted, and these to a much small­
er scale than previously since they are not needed for quantities. 

It is believed that considerable engineering time will be saved if full use is made of 
this service. It will be possible, for example, to use terrain data submitted for one "P" 
line for subsequent "P" lines and the final line. It will also be possible to process at one 
time several alternate lines if roadbed data is furnished. It should be unnecessary to 
resubmit roadbed data for subsequent lines if it would require the engineer to recopy 
information already available in notes previously submitted, since instructions can be 
given to the tabulating section to re-use portions of the roadbed data. 

The necessary information, where computation of end areas is involved, is to be fur­
nished on the Earthwork Data Sheet, Form WH-67, which may be obtained on requisi­
tion in pads of 50 sheets. Samples of this form properly filled out, are attached. 

Fill in the identification blocks In the upper right hand corner of each sheet as follows: 

District, County, Route, Section 
Record the district in arable numerals. 
In District IV and vn , for ease in distribution, separate district numbers for use by 

sections submittii^ this work are assigned as follows: 
District ly. 24 - Design - J . C. Black; 34 - Design - W. P. Smith; 44 - Desigtt - A. E . 

Simmons; 54 - Design - J . A. Spence; 64 - Surveys; 74 - Administration - H. S. Miles; 
84 - Construction. 

District vn. 7 - Design A - T. E . Eckhardt; 17 - Design B - E . G. Hanson; 27 - De-
sign C - L . S. Van Voorhis; 37 - R/W Engineering; 47 - Surveys; 57 - Construction. 

Headquarters departments will use District 13. Division of Water Resources will 
use District 73. 

Other sections or districts desiring special district number assignments for this work 
may request them from the tabulation section. 
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Only one county, route, and section or city may be indicated on any one sheet. Place 
the section or start the city in the left square of the coding blocks assigned. 

Group, Line 
Group and line are district designations to aid in identification and segregation of the 

work. Each shall consist of one letter only. 
When stationing is repeated within a project, a new line letter should be assigned. 

Date, Sheet, Recorder, Party 
These lines are for district use as desired. 

TERRAIN NOTES 
Terrain notes, or original ground cross sections, may be submitted as true eleva­

tions, as rod readings, or as a difference m elevation from center or offset line. Check 
the appropriate box on each sheet to show the method used therein. 

Sections may read either up or down the page. If there is insufficient room for all 
points on one line, they may be continued on the next line. Do not crowd the work. Ad­
ditional lines must also be labeled as to station and all pomts must appear on the proper 
side of centerline. 

A space has been provided immediately to the right of the station column for carry­
ing the HI and elevations. If the space is used for this purpose, no cross section points 
should be recorded therein on that page, if not, the space may be used for additional 
points. 

Rod readings and/or elevations may be expressed to tenths or hundredths of a foot. 
Horizontal distances shall be expressed to the nearest one-tentli foot and must always 
be from centerline. Where distances are to the even foot, the zero tenths should be 
shown. Use a line under the decimal figures in lieu of a decimal point. 

No two horizontal distances are to be identical. In case of vertical faces, the second 
point shown should be one-tenth foot farther from centerline. 

The thousands or hundreds of feet may be omitted from the notes if desired. How­
ever, at any one section the terrain and roadbed notes must be on the same basis. 

Whenever possible a section should be shown at an equation. 
Terrain notes should be submitted in sufficient widths to cover any line changes which 

appear probable. However, we are not prepared to handle sections extending beyond 
999.9 feet either side of the centerline. It wi l l not be necessary to resubmit terrain 
notes when sending in subsequent line or grade chaises provided reference is made in 
the transmittal to the previously submitted terrain notes. Supplemental terrain notes 
may be submitted in the event additional cross sections are taken or it becomes neces­
sary to cover a wider area. These notes are to be submitted in the same form as the 
original notes. Be sure to fully identify group, line, station, and right or left of center-
line. 

It is recommended that the original field notes be taken on this new form, WH-67, in 
the form prescribed herein so as to avoid the necessity for recopying the notes. Two 
sets of notes may be made by using carbon, one set to be retained in the district and one 
to be submitted for computations. 

Elevations 
Sample 1. When this box is checked, the elevation and distance of each point must 

be given, with no reductions necessary in Headquarters. 
If additional figures are included, the top figure at any one point wi l l be taken as the 

elevation and the bottom figure as the horizontal distance. 

Rod Readings 
Sample 2. The HI wi l l be shown near the centerline. The notes wil l clearly indicate 

the points to which each HI applies. The EI must be repeated on each sheet. 
Rod readings wil l be considered as negative unless marked "plus. " 
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Where the elevations of any points on this sheet are determined by another method, 
notes for those points wi l l be reduced in the district, the elevations circled, and the 
correct horizontal distance from centerline inserted below, as shown in the sample. 

Difference from Elevation at Centerline 
Sample 3. The HI for the centerline elevation wil l be shown below the centerline. 
The notes wil l clearly indicate the stations to which each HI applies. The HI must be 

repeated on each sheet. 
The elevation of points other than the centerline wil l be shown as plus or minus from 

centerline elevation. Where the elevations of any points on this sheet are determined 
by another method, notes for these points wil l be reduced in the district, the elevations 
circled, and correct horizontal distance from centerline Inserted below. 

Difference from Elevation at Centerline and A 
Sample 4. Where the notes contain setup points in addition to centerline, check the 

box labeled "Diff. from Elev. at g" and draw a A around g as shown in Sample 4 attached. 
Elevations wi l l be shown as plus or minus from centerline until a new setup is reached. 
Place a A below this point to which subsequent differences apply. A l l horizontal dis­
tances are to be reduced to distance from centerline in the district, and recorded as 
shown on the sample. 

Difference from Elevation at Offset Line 
Sample 5. If an offset line is used as the base, its distance right or left of center-

line should be shown in the blank in front of the checked box. For example, an offset 
line 90 feet right of the centerline would be recorded as "90R." This offset distance 
wi l l apply to all sections on the page. 

The notes for points on this offset line must be reduced to true elevation. The notes 
for points other than the offset line wi l l be shown as plus or minus from the elevation at 
the offset line. Where the elevations of any points on this ^heet are determined by an­
other method, notes for these points wi l l be reduced in the district, the elevations cir­
cled, and the correct distances from centerline inserted below. 

ROADBED NOTES 
Roadbed or template notes may be submitted as true elevations or as a difference in 

elevation from centerline or offset line. Check the appropriate box on each sheet to 
show the method used therein. 

Sections may read either up or down the page. If there is insufficient room for all 
points on one line, they may be continued on the next line or on an additional sheet. 
Each line must be labeled as to station and all points must appear on the proper side of 
centerline. 

Elevations or differences in elevations may be expressed to tenths or hundredths of a 
foot. Horizontal distances shall be e:^ressed to the nearest one-tenth foot and must be 
measured from the same centerline as the corresponding terrain notes. Where dis­
tances are to the even foot, the zero tenths should be shown. Use a line under the deci­
mal figures in lieu of a decimal point. 

No two horizontal distances are to be identical. In case of vertical faces, the second 
point shown should be one-tenth foot farther from centerline. In the case of a vertical 
match line, the same effect may be obtained by offsetting the top aad bottom of the line 
by at least one-tenth. It is recommended that the roadbed hinge point be set in one-tenth 
of a foot from the desired match line and the catch point on existing ground be set one-
tenth outside the match line. This should give the same quantity as a vertical match line 
and has the advantage that you do not have to determine and specify cut or f i l l for the 
match line. The elevation at the point where the match line touches original ground need 
not be given. As an example, the roadbed notes which include a match line 100 feet right 
of the centerline might be written as follows: 

88* 88' 89* 90° 
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Roadbed notes may be given to subgrade or finished grade. In the latter case, a tab­
ulation of yards per station correction may be submitted as discussed below. 

If requested in the transmittal sheet, computed catch points wi l l be checked against 
any specified minimum distance from centerline and revised where necessary before 
computing areas. 

In recording elevations the thousands and hundreds of feet may either be shown or 
omitted but must correspond with the terrain notes for each cross section. In general, 
no inspection or adjustment of datum between the two sets of notes wi l l be made in Head­
quarters. 

Elevations 
Sample 6. Where preliminary quantities are to be computed, notes wil l be shown as 

in Sample 6. Elevation of the catch point need not be shown. In cases where the hori­
zontal position of the catch point is set and the slope is variable, this distance wi l l ap­
pear with the elevation blank at the last point in the section, as shown at the right side 
of this sample. In cases where both horizontal position and elevation are unknown, the 
slope wi l l be shown beyond the hinge point and wil l be indicated as plus for cut or minus 
for f i l l . This situation is shown at the left side of this sample. Where the elevation and 
distance from centerline of the catch point is given it should be identified by an X below 
the distance from centerline as in Sample 7. 

Sample 7. Where final quantities are to be computed after slope stakes have been 
set, the notes wil l be shown as in Sample 7. Catch points wi l l be identified by an X be­
low their distance from centerline. Notes for points beyond the X wi l l be disregarded in 
the computations. In case additional figures are shown at any point, the top figure wi l l 
be taken as the elevation and the bottom figure as the distance from centerline. 

Difference from Elevation at Centerline or Offset Line 
Sample 8. As an alternate to either of the preceding methods of showing roadbed 

notes, they may be indicated as plus or minus from the elevation at centerline or an 
offset line. In many cases this method wi l l save computation or writing time. If an 
offset line is used as the base, its distance from centerline and right or left should be 
shown in the blank in front of the checked box. This offset distance wi l l apply to all 
sections on the page. Where the template is sufficiently uniform, points may be shown 
to apply to all sections on the sheet arrows, as shown in Sample 8. If notes read up 
the page, the difference from elevation at centerline and distance from £ should appear 
at each end of the ditto arrows. Points must be repeated on succeeding sheets. Addi­
tional non-uniform points may also be shown. If expressed in elevation rather than dif­
ference from centerline, the elevation must be circled as shown. 

Stations need not be consecutive. If desired, notes may be segregated by types of 
typical section to facilitate writing. 

CONTOUR AREA NOTES 
Where planimetered areas have been obtained in the district f rom a contour-grading 

plan and quantities and mass-diagram ordinates are desired, the information may be 
submitted on the regular Quantity Sheet, Form WH-29, as shown in Sample 9, or on a 
similar district form. Indicate district, county, route, section, group, and line in the 
same manner as on terrain and roadbed notes. Stationing at the beginning and ending of 
each area shall be shown in the "Sum Reading" columns. Elevations of the contour areas 
wi l l be shown in the "Station" column, and planimetered areas in the "Planimeter Read­
ing" columns. Be sure that the elevation of the zero area point is shown at the beginning 
and end of each group of areas. 

Additional quantities to be added should be identified by the beginning station of the 
area to which it applies. 

Between station limits, more than one volume of excavation or embankment may be 
included provided each volume starts and ends with zero in the area column and occurs 
on the same sheet. Otherwiae, attention should be drawn to this item in the transmittal. 
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TRANSMITTAL SHEET 
A transmittal sheet similar to the one shown in Sample 11 should be used. The iden­

tification information in the upper right is to be filled in in the same manner as for in­
dividual sheets. Where a job contains more than one county, route, or section, each 
section should have a separate transmittal sheet. A separate transmittal sheet should 
also be used for each group or line. 

If mass-diagram ordinates are to be continuous through separate transmittals, this 
fact should be indicated on the subsequent transmittal sheets on the line "start with mass 
diagram ordinate." 

If contour area notes are transmitted, check the applicable box and circle the scale. 
If terrain or roadbed notes, or both, are attached, check whether each is complete, a 

part of the job, or the final transmittal where portions have previously been sent in. 
When roadbed notes are transmitted, indicate whether they are to be used with en­

closed terrain notes or with terrain notes previously submitted. If the latter, be sure 
to fully identify the desired combination. 

The mass-diagram ordinate to be used at the beginning of the line should be shown in 
the space provided. The capacity of listing for mass-diagram ordinate is from +9,999, 
to -9,999,999. If a mass diagram is not desired. Indicate by checking the box provided. 

Shrinkage factors to be applied are to be indicated by station limits. 
Amounts to be added or subtracted from computed quantities for subgrade, slope 

rounding, ditches, etc., should be tabulated by station. Indicate whether these quanti­
ties are to be added to or subtracted from the cut or f i l l quantities. The mass diagram 
sheet. Form WH-30, is suggested as a convenient form for this tabulation. A sample 
of such a tabulation is shown in Sample Sheet 10. These quantities wi l l be added follow­
ing their listed station. For example, quantities given to be added at station 31 wil l be 
shown between stations 31 and 32. 

Quantities which have been computed separately for divided highways, frontage roads, 
or other parallel construction may, when requested, be combined to give a final quan­
tity and mass diagram tabulation. Stationing on the parallel lines must be identical or 
an equation given. Such combination of additional lines and miscellaneous quantities 
should be fully e:^lalned on the transmittal sheet. 

Equations affecting the length of any lines should be listed on the transmittal sheet, 
as well as appearing in the notes. 

Time wi l l be saved on large projects by sending in the terrain notes or a portion of 
them as soon as possible. The roadbed notes may also be forwarded in portions. In­
structions to calculate and combine- should be sent with the final lot of roadbed notes. 

In general we wi l l be able to make horizontal and vertical shifts in roadbed notes pre­
viously submitted where the template remains the same without the necessity of new 
roadbed notes being submitted. Certain portions of the roadbed notes, defined either 
longitudinally or laterally also may be replaced with other notes without the necessity 
of rewriting the whole job or all of the cross section template. If you are unsure how 
to handle special problems of this sort, i t is suggested that you request additional in­
formation on your particular job from the tabulating section of the Planning Survey. 

Zero area for both cut and f i l l may be specified at any station. 

TABULATIONS 
The following tabulations wi l l be furnished: 
1. A tabulation of reduced notes for terrain and roadbed containing elevations and 

distances from centerline to tenths of a foot. 
2. A tabulation of catch point elevations and distances from centerline. 
3. A tabulation showing stations, end areas, quantities, shrinkage factors, and mass-

diagram ordinates. 
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Sample Earthwork Data Sheets 
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SAMPLE 3 
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