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Roadway Criteria    
To insure satisfactory results, study the built. If these are not available, use the
engineering specifications of the road to be information provided in table 2-1.

2-2  
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CHAPTER 3

 CURVES 

 Section I. SIMPLE HORIZONTAL CURVES 

TYPES OF 
CURVE POINTS  

By studying TM 5-232, the surveyor learns to
locate points using angles and distances. In
construction surveying, the surveyor must
often establish the line of a curve for road
layout or some other construction.

The surveyor can establish curves of short
radius, usually less than one tape length, by
holding one end of the tape at the center of the
circle and swinging the tape in an arc,
marking as many points as desired.

As the radius and length of curve increases,
the tape becomes impractical, and the
surveyor must use other methods. Measured
angles and straight line distances are usually
picked to locate selected points, known as
stations, on the circumference of the arc.

HORIZONTAL CURVES  
A curve may be simple, compound, reverse, or
spiral (figure 3-l). Compound and reverse
curves are treated as a combination of two or
more simple curves, whereas the spiral curve
is based on a varying radius.

Simple 
The simple curve is an arc of a circle. It is the
most commonly used. The radius of the circle
determines the “sharpness” or “flatness” of
the curve. The larger the radius, the “flatter”
the curve.

Compound 
Surveyors often have to use a compound
curve because of the terrain. This curve nor-
mally consists of two simple curves curving
in the same direction and joined together.
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Laying Out Curve from PT
If a setup on the curve has been made and it is
still impossible to set all the remaining
stations due to some obstruction, the surveyor
can “back in” the remainder of the curve
from the PT. Although this procedure has
been set up as a method to avoid obstructions,
it is widely used for laying out curves. When
using the “backing in method,” the surveyor
sets approximately one half the curve stations
from the PC and the remainder from the PT.
With this method, any error in the curve is in
its center where it is less noticeable.

Road Curves to Right. Occupy the PT, and
sight the PI with one half of the I angle on the
horizontal circle. The instrument is now
oriented so that if the PC is sighted, the
instrument will read 0°00’.

The remaining stations can be set by using
their deflections and chord distances from
the PC or in their reverse order from the PT.

Road Curves to Left. Occupy the PT and
sight the PI with 360 degrees minus one half
of the I angle on the horizontal circle. The
instrument should read 0° 00’ if the PC is
sighted.

Set the remaining stations by using their
deflections and chord distances as if
computed from the PC or by computing the
deflections in reverse order from the PT.

CHORD CORRECTIONS 
Frequently, the surveyor must lay out curves
more precisely than is possible by using the
chord lengths previously described.

To eliminate the discrepancy between chord
and arc lengths, the chords must be corrected
using the values taken from the nomography
in table A-11. This gives the corrections to be
applied if the curve was computed by the arc
definition.

Table A-10 gives the corrections to be applied
if the curve was computed by the chord
definition. The surveyor should recall that
the length of a curve computed by the chord
definition was the length along the chords.
Figure 3-5 illustrates the example given in
table A-9. The chord distance from station
18+00 to station 19+00 is 100 feet. The nominal
length of the subchords is 50 feet.

INTERMEDIATE STAKE  
If the surveyor desires to place a stake at
station 18+50, a correction must be applied to
the chords, since the distance from 18+00
through 18+50 to 19+00 is greater than the
chord from 18+00 to 19+00. Therefore, a
correction must be applied to the subchords
to keep station 19+00 100 feet from 18+00. In
figure 3-5, if the chord length is nominally 50
feet, then the correction is 0.19 feet. The chord
distance from 18+00 to 18+50 and 18+50 to
19+00 would be 50.19.
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Section II. OBSTACLES TO CURVE LOCATION

TERRAIN RESTRICTIONS 
To solve a simple curve, the surveyor must Mark two intervisible points A and B, one
know three parts. Normally, these will be the on each of the tangents, so that line AB (a
PI, I angle, and degree of curve. Sometimes, random line connecting the tangents)
however, the terrain features limit the size of will clear the obstruction.
various elements of the curve. If this happens,
the surveyor must determine the degree of Measure angles a and b by setting up at
curve from the limiting factor. both A and B.

(1)

(2)

Inaccessible PI   
Under certain conditions, it may be im- (3) Measure the distance AB.

possible or impractical to occupy the PI. In
this case, the surveyor locates the curve (4)   Compute inaccessible distances AV and      

BV as follows:elements by using the following steps (figure I = a + b
3-6).

3-12
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The stripper shown is 5 squares wide by 60
squares long. Its zero index is placed at the
intersection of the ground and side-slope line
of the section.

The stripper is moved an interval of 5 squares
to the right with zero reading at the bottom. It
is then moved another 5 squares to the right
with the previous top reading (2.5) now
adjacent to the bottom line. The stripper is
again moved 5 squares to the right for another
interval with the previous top reading (6.0)
adjacent to the bottom line.

This process of moving 5 squares to the right
and bringing the top reading to the bottom
line is continued until the stripper reaches
the right edge of the cross section with a final
reading of 53.0. Multiply this last reading
(53.0) by the strip width used (5) to get the
number of squares in the section (265.0). To
find the area of the cross section in square
feet, multiply the number of squares by the
area in square feet of one square.

Double-Meridian- 
Distance Method  
The double-meridian-distance (DMD) method
gives a more precise value for a cross-section
area than the stripper method. It does,
however, involve more effort and time. It is
essential that the elevations (latitudes) and
the distance from the centerline (departures)
of all points on the cross section be known.

The method is based on the theory that the
area of a right triangle equals one half of the
product of the two sides. Since latitudes and
departures are at right angles to each other,
the area bounded by the distance, the latitude,
and the departure is a right angle. The
surveyor can determine this area by taking
one half of the product of the latitude and the
departure. However, depending on its lo-
cation, the triangle may add to or subtract
from the total area of the irregular figure.

To avoid determining a plus or minus area for
each triangle, a slight refinement is made.
The departure is added twice. It is first added
when determining the DMD of the course and

4-6 

second, when determining the next course’s
DMD. Multiplying the DMD of each course
by its latitude results in twice the area, but
the sign of this product illustrates whether
the area adds to or subtracts from the figure
area.

A step-by-step procedure to work out a DMD
area is given below and illustrated in figure
4-5.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Compute and
departures.

Select the far

record all the latitudes and

left station (D) as the first
point and D-E as the first course to avoid
negative areas in the DMD.

The DMD of the first course equals the
departure of the course itself, 4.0.

The DMD of any other course (E-F) equals
the DMD of the preceding course (D-E)
plus the departure of the preceding course
(D-E) and the departure of the course (E-
F) itself or 4.0 + 4.0 + 30,0 = 38.0. For the
next course (F-I), the same procedure is
followed. Add together the DMD of the
preceding course, the departure of the
preceding course, and the departure of the
course itself, or 38.0 + 30.0 + 30.0 = 98.0.

The DMD of the last course is numerically
equal to its departure but with the opposite
sign (+14.0).

Multiply each DMD value by its latitude.
Positive products are entered under north
double areas and negative products under
south double areas.

The sum of all north double areas minus
the sum of all the south double areas,
DISREGARDING THE SIGNS, equals
twice the cross-section areas. Divide this
double area by 2 to get the true cross-
section area.
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Procedures 
The following are rules for using a planimeter,

Always measure cut and fill areas
separately.

Check the accuracy of the planimeter as a
measuring device to guard against errors
due to temperature changes and other
noncompensating factors. A simple
method of testing its consistency of
operation is to trace an area of 1 square
inch with the arm set for a 1:1 ratio. The
disk, drum, and vernier combined should
read 1.000 for this area.

Before measuring a specific area,
determine the scale of the plot and set the
adjustable arm of the planimeter ac-
cording to the chart in the planimeter
case. Check the setting by carefully
tracing a known area, such as five large
squares on the cross-section paper, and
verifying the reading on the disk, drum,
and vernier. If the reading is inconsistent
with the known area, readjust the arm
settings until a satisfactory reading is
obtained.

To measure an area, set the anchor point
of the adjusted planimeter at a convenient

position outside the plotted area; place
the tracing point on a selected point on
the perimeter of the cross section; take an
initial reading from the disk, drum, and
vernier; continue tracing the perimeter
clockwise, keeping the tracing point
carefully on the line being followed; and
when the tracing point closes on the
initial point, again take a reading from
the disk, drum, and vernier. The difference
between the initial reading and the final
reading gives a value proportional to the
area being traced.

Make two independent measurements of
the area to insure accurate results. Make
the second measurement with the tracing
point placed at a point on the opposite
side of the first measurement. This
procedure gives two compensating
readings. The mean of these readings is
more accurate than either one in-
dividually.

To measure plotted areas larger than the
capacity of the planimeter, divide the
areas into sections and measure each
separately.

  Section III. EARTH AND ROCK EXCAVATION  

CLASSES OF 
 EXCAVATED MATERIAL 

Excavated material is usually classified as
common excavation, loose rock, and solid
rock. Although classifying excavation
material is not a survey function, the surveyor
must differentiate among the different types
so excavation records will match the
construction work. When performing surveys
to determine quantities of excavated
materials, the surveyor must record common
excavation, loose-rock excavation, and solid-
rock excavation data separately in the field
notes.

Common excavation involves the moving of
earth or of earth with detached boulders less
than one-half cubic yard in volume. Loose-
rock excavation involves the moving of
consolidated materials which have been
loosened without blasting with picks, bars, or
simple air and mechanical devices. Solid-
rock excavation involves the moving of rock
from solid beds or the breaking up of boulders
measuring 1 cubic yard or more by means of
explosives.
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(2)

each corner. These are selected to bring
all crosspieces to the same elevation.

The surveyor marks these stakes at the
grade of the top of the foundation or at
some whole number of inches or feet
above or below the top of the foundation.
Use a level to mark the same grade or
elevation on all stakes.

(3)

(4)

(5)

Nail 1- by 6-inch boards to the stakes to
the top edge of the boards and flush with
the grade marks. Mark the distance in
crayon on these boards.

Locate the prolongation of the building
lines on the batter boards by using an
instrument or a line and plumb bob.

Drive nails into the top edges of the batter
boards to mark the building line.

INTERIOR TRANSFER 
OF LINE AND GRADE 

Occasionally, it is necessary to transfer lines
and grades from outside to inside a building
and to the upper stories for establishing wall
faces, floor levels, and columns or for setting
machinery precisely. The surveyor does this
by traversing and leveling.

Location 
The surveyor locates instrument stations
outside of the building to establish a line that,
when extended, will intersect the building at
a window or doorway. The instrument is set

on the station farthest from the building and
sighted on the point nearest the building. The
surveyor transfers the line to the building by
sighting the instrument on a plumb bob held
in an upper-story window.

From this point, the line is extended in any
direction inside the building by setting up on
the point and using the outside stations as a
backsight. The line is prolonged by double
centering. Because of the short sights used,
the surveyor may accurately set an angle
that is to be turned to clear an obstruction
and then measure by repetition.

Direct Leveling 
To transfer vertical control into a building,
the surveyor uses direct leveling, if possible.
For elevation transfer to an upper story, a
steel tape is suspended with a weight attached
to the lower or zero end. To insure accuracy,
the weight should approximately equal the
normal tension of the fully supported tape
minus one half of the weight of the suspended
portion of the tape. A level is set up on the
first floor, and a reading is taken on the
suspended tape.

Another reading is taken on the tape with a
level set on the upper floor. This gives data
from which the HI of the instrument on the
upper floor are computed. A rod is now held
on some point on the upper floor to be used as
a benchmark and its elevation determined.
The surveyor may also establish elevations
on the second floor by using the rod upside
down (often called an inverted rod) and
marking the elevation on a wall.

Section II. UTILITIES LAYOUT 

DRAINAGE 
Utilities drainage refers to the sewer systems of the disposal point. The area to be drained
for surface water and liquid waste. The design includes the installation and any area around
and location of a drainage or storm sewer it that will drain into the installation. The
system will depend upon the size and intensity of the rainfall in inches per hour is
topography of the area to be drained, the based on records of past storms. The runoff
intensity of rainfall expected, the runoff characteristics are determined by the type of
characteristics of the area, and the location soil and ground cover.
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Allowable Error 
The surveyor then computes the allowable
error (AE) using the appropriate accuracy
ratio (1/5,000 or 1/3,000) and the total length
of the traverse.

Compare this to the linear error of closure. If
the AE is greater than the eL, the traverse is
good and can be adjusted. If it is not good, it
must be rerun.

Ratio of Accuracy  
The ratio of accuracy provides a method of
determining the traverse accuracy and
comparing it to established standards. The
ratio of accuracy is the ratio of the eL to the
total length of the traverse, after it is reduced
to a common ratio and rounded down.

If the accuracy ratio does not fall within
allowable limits, the traverse must be rerun.
It is very possible that the distances as
measured are correct and that the error can
be attributed to large, compensating angular
errors.

COORDINATE ADJUSTMENT 
The surveyor makes the adjustment of the  
traverse using the compass rule. The compass
rule says that, for any leg of the traverse, the
correction to be given to the dN or dE is to the
total correction for dN or dE as the length of
the leg is to the total length of the traverse.
The total correction for dN or dE is
numerically equal to the eN or eE, but with
the opposite sign.

Formulas 
In figure 7-7, the dN is -0.09 and the dE is -0.05
and the total corrections are +0.09 and +0.05,
respectively. Note the following formulas:

dN Correction per station =

Total dN Correctionx Distance to Station
Length of Traverse

For the first leg in the traverse in figure 7-7,
the corrections are computed as follows:

Loop Traverse  
When adjusting a loop traverse, the surveyor
applies the correction to the dNs and dEs
prior to computing the coordinates. The total
correction must equal the total error.
Sometimes, due to round off, the total

7-12  
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correction will not equal the total error. If this
happens and the difference is one, reduce the
correction to the shortest line or increase the
longest line. When the error is greater than
one, you may arbitrarily reduce/increase the
corrections until the total correction equals
the total error.

The coordinate of the previous station ±dN±
correction equals the coordinate of the next
station. From figure 7-7, you compute as
follows:

When adjusting a traverse that starts and
ends on two different stations, the surveyor
computes the coordinates before the error is
determined. In this case, the correction per
leg is determined in the same manner as
shown, but the correction is applied directly
to the coordinates. The correction to be
applied after the first leg is equal to the
correction computed for the first leg. The
correction to be applied after the second leg is
equal to the correction for the first leg plus the
correction computed for the second leg. The
correction for the third leg equals the first
correction plus the second correction plus the
correction computed for the third leg and so
on throughout the traverse. The last cor-
rection must be equal to the total correction
required.
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LABELING AND MAILING PROCEDURES 
The surveyor normally fills out the mailing label in front of the notebook to
the unit conducting the project(s) (figure B-l).

B-2
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The front page is to be filled out as required by the unit (figure B-2).
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