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PREFACE

Purpose and Scope

This manual is a guide for engineering personnel conducting surveys in
support of military construction. In addition to mathematical con-
siderations, this manual offers a comprehensive analysis of problems
which are typical in military surveying. It may be used for both training
and reference.

Application -
The material contained in this manual is applicable without modification to
both nuclear and nonnuclear warfare.

User Information

Users of this publication are encouraged to recommend changes and
submit comments for its improvement. Comments should be keyed to the
specific page, paragraph, and line of text in which the change is
recommended. Reasons will be provided for each comment to insure
understanding and complete evaluation. Comments should be prepared,
using DA Form 2028 (Recommended Changes to Publications and Blank
Forms), and forwarded directly to the Commandant, US Army Engineer
School, ATTN: ATZA-TD-P, Fort Belvoir, Virginina 22060-5291.



CHAPTER1
SURVEY OBJECTIVES

DUTIES OF THE
CONSTRUCTION SURVEYOR

In support of construction activities, the
surveyor obtains the reconnaissance and
preliminary data which are necessary at the
planning stage. During the construction
phase, the surveyor supports the effort as
needed. Typical duties of the construction
surveyor include—

* Determining distances, areas, and angles.

* Establishing reference points for both
horizontal and vertical control.

* Setting stakes or otherwise marking lines,
grades, and principal points.

* Determining profiles of the ground along
given lines (centerlines and/or cross-
section lines) to provide data for cuts, fills,
and earthwork volumes.

* Preparing large-scale topographic maps
using plane table or transit-stadia data to
provide information for drainage and site
design.

* Laying out structures, culverts, and bridge
lines.

« Determining the vertical and horizontal
placement of utilities.

ACCURACY OF SURVEYS

The precision of measurements varies with
the type of work and the purpose of a survey.
L ocation surveys require more accuracy than
reconnaissance surveys, and the erection of
structural steel requires greater precision in
measurement than the initial grading of a
roadbed.

The officer or NCO in charge of a project
usualy determines the degree of accuracy.
The surveyor makes a practical anaysis and
chooses appropriate methods and procedures
for each type of measurement. The surveyor
must consider the allowable time, the tactical
situation, the capabilities of construction
forces, and the current conditions. The best
surveyor is the one who runs a survey to the
order of precision which is required by the job
with a minimum of time, not the one who
Insists on extreme precision at all times.

Surveyors must always be on the aert for
probable cumulative or systematic errors,
which could be the result of maladjustment or
calibration of equipment or error-producing
practices. Laying out the foundations for
certain t?/pes of machinery and establishing
angular limitsfor fire on training ranges are
examples of conditions which might demand
ahigh degree of precision from the surveyor.

11
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For the most part, the construction surveyor
will not have to work to the most precise
limits of the equipment. However, the
surveyor should recognize the limits of the
vaidity in the results. The surveyor cannot
expect resultant data to have agﬂreater degree
of accuracy than that of the least precise
measurement involved. The surveyor must
analyze both angular and linear mea
surements, which are a part of the survey
problem, in order to maintain comparable
precision throughout.

FIELD NOTES

The quality and character of the surveyor’s
field notes are as important as the use of
instruments. The comprehensiveness, neat-
ness, and reliability of the surveyor’sfield
notes measure ability. Numerical data,
sketches, and explanatory notes must be so
clear that they can be interpreted in only one
way, the correct way. Office entries, such as
computed or corrected values, should be
clearly distinguishable from original mate-
rial. Thisis often done by making office
entriesin red ink. Some good rules to follow in
taking field notes are—

» Useasharp, hard pencil (4H preferred).

1-2

Do not crowd the data entered. Use addi-
tional pages.

Keep sketches plain and uncluttered.

Record numerical values so they always
indicate the degree of precision to which a
measurement 1s taken. For example, rod
readings taken to the nearest 0.01 foot
fshould e recorded as 5.30 feet, not as 5.3
eet.

Use explanatory notes to supplement
numerical data and sketches. These notes
often replace sketches and are usually
[)I aced on the right-hand page on the same
ine as the numerical datathey explain.

Follow the basic note-keeping rules covered
in TM 5-232.
METRIC SYSTEM

The military surveyor may work from data
based upon the metric system of measurement

or convert data intQ metric equivalents.
TablesA-13 and

: ! in appendix A provide
metric conversions.



CHAPTER 2
ROAD SURVEYING
Section |. RECONNAISSANCE SURVEY

PREPARATION AND SCOPE

The reconnaissance survey is an extensive
study of an entire area that might be used for
aroad or airfield. Its purpose is to eliminate
those routes or sites which are impractical or
unfeasible and to identify the more promising
routes or sites.

Existing maps and agerial photogrgt%hs may
be of great help. Contour maps snow the
terrain features and the relief of an area.
Aeria photographs show up-to-date plani-
metric detalls.

The reconnai ssance survey must include all
possible routes and sites. The reconnaissance
survey report should summarize all the
collected information, including a description
of each route or site, a conclusion on the
economy of its use, and, where possible,
appropriate maps and aeria photographs.
Design

Design and military characteristics should
be considered during the reconnaissance
survey. Keep in mind that future operations
may reguire an expanded road net. A study of
the route plans and specifications is

necessary. I these are unavailable, use the
following as guides.

+ Locate portions of the new road along or
over existing roads, railroads, or trails,
whenever possible.

L ocate the road on high-bearing-strength
soil that is stable and easily drained,
av_loidi ng swamps, marshes, and organic
soil.

Locate the road along ridges and
streamlines, keeping drainage structures
to a minimum. Keep the grade well above
the high waterline when following a
Stream.

Select aroute as near to sources of material
as practical, and locate the road along
contour lines to avoid unnecessary
earth work.

Locate the road on the sunny side of hills
and canyons, and on that side of the
canyon wall where the inclination of the
strata tends to support the road rather
than cause the road to dide into the canyon.

Locate roads in forward combat zones so
that the%/ are concealed and protected from
enemy fire. This may at times conflict with
engineering considerations.

Select locations which conserve engineer
assets, avoiding rockwork and excessive
clearing.

Avoid sharp curves and locations which
involve bridging.

2-1
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Roadway Criteria

To insure satisfactory results, study the
engineering specifications of the road to be

built. If these are not available, use the
information provided in table 2-1.

Table 2-1. Road specifications

One-way road—11.5 feet or 3.5 meters
minimum.

Two-way road—23 feet or 7.0 meters minimum.

Shouiders {each side)—4 feet or 1.5 meters
minimum.

Clearing—6 feet or 2 meters each side of
roadway.

GRADES
Absolute maximum—determined by the lowest
maximum gradeability of vehicles using the

Normal maximum—10 percent.

Desired maximum—Iless than 6 percent; on
sharp curves, less than 4 percent.

T L .Y re -— e

HORIZONTAL CURVES

Desired minimum radius—150 feet or 46
meters.

Absolute minimum radius—80 feet or 25
meters.

VERTICAL CURVES
Minimum length on hill summits—125 feet or

‘fU Illﬂlb'la per & perueiit dlgEUldlb Ulllb'lt:llbl'.: Ill
grades.

Minimum length in hollows—100 feet or 30

meters per 4 percent algebraic difference in
grades.

2-2
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Absolute nonpassing minimum—200 feet or 60
meters.

Absolute passing minimum—350 feet or 110
meters.

SLOPES
Shoulders—% inch per foot{in/ft) or 6 percent.
Crown (gravel and dirt}—% to % in/ftor4 tc 6
percent.

Crown (paved)—" to ¥z in/ft or 2 to 4 percent.

Cut andfill—variable, but normally about 1 Y2 to

DRAINAGE

Take advantage of natural drainage.

Grade at least 5 feet or 1.6 meters above
groundwater table.

TRAFFIC

Overhead clearance—14 feet or 4.3 meters
minimum.

Traffic volume—2,000 vehicles per lane per
day.

Load capacity—sustain 18,000 pound equiv-
alent axle load.

Turnouts (single lane)—minimum every 4 mile
or 0.4 kilometers recommended.



COLLECTION OF DATA

Upon completion, the reconnaissance survey
should support the routes surveyed and pro-
vide a basis of study showing the advantages
and disadvantages of all routes recon-
noitered. Typical data collected in arecon-
naissance survey are—

o Sketches of all routes reconnoitered.

¢ Reports of feasible routes. Data on clearing
and grubbing.

¢ The number of stream crossings involving
bridge spans exceeding 20 feet or 6 meters.

¢ The approximate number of culvertsand
spans less than 20 feet or 6 meters.

¢ Descriptions and sizes of marsh areas and
other natural obstacles.

e Unusual grade and alignment problems
encountered.

o Anticipated effects of landslides, melting
snow, and rainfall.

¢ Soil conditions and stream and substrata
conditions at proposed bridge sites.

e Discrepancies noted in maps or aeridl
photographs.

e Availability of local materials, equipment,
transportation facilities, and labor.

¢ Photographs or sketches of reference
points, control points, structure sites, ter-

FM 5-233

rain obstacles, and any unusua conditions.
USE OF MAPS

The procurement of mapsis a very important
phase of the reconnaissance. The surveyor
should locate and use all existing maps,
including up-to-date aerial photographs of
the areato be reconnoitered. Large scale
topographic maps are desirable because they
depict the terrain in the greatest detail. The
maps, with overlays, serve as worksheets for
plotting trial alignments and approximate
grades and distances.

The surveyor begins a map study by marking
the limiting boundaries and specified ter-
minals directly on the map. Between boun-
daries and specified terminals, the surveyor
observes the existing routes, ridge lines, water
courses, mountain gaps, and similar control
features. The surveyor must also look for
terrain which will allow moderate grades,
simplicity of alignment, and a balance be-
tween cut and fill.

After closer inspection, the routes that appear
to fit the situation are classified. As further
study shows disadvantages of each route, the
surveyor lowers the classification. The routes
to be further reconnoitered in the field are
marked using pencils of different colors to
denote priority or preference. Taking advan-
tage of the existing terrain conditions to keep
excavation to a minimum, the surveyor
determines grades, estimates the amount of
clearing to be done on each route, and marks
stream crossings and marsh areas for pos-
sible fords, bridges, or culvert crossings.

Section I1. PRELIMINARY SURVEY

PREPARATION AND SCOPE

The preliminary survey is a detailed study of
aroute tentatively selected on the basis of
reconnaissance survey information and recom-
mendations. It runs atraverse along a pro-

posed route, establishes levels, records topo-

raphy, and plots results. It also determines

the final location from this plot or preliminary
map. The size and scope of the project will

2-3
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determine the nature and depth of the pre-
liminary survey for most military con-
struction.

PERSONNEL

The survey effort establishes a traverse with
control and reference points, or it may expand
to include leveling and topographic detail.
Normally, obtaining the traverse, leveling,
and topographic data are separate survey
efforts, but this does not preclude combining
them to make the most efficient use of
personnel and equipment.

Traverse Party _

The traverse party establishes the traverse
line along the proposed route by setting and
referencing control points, measuring dis-
tances, numbering stations, and establishing
points of intersection. The party also makes
the necessary ties to an existing control, if
available or required. When no control is
available, the party may assign a starting
value for control purposes which can later be
tied to a control point established by geodetic
Surveyors.

Level Party

The level party establishes benchmarks and
determines the elevation of selected points
along the route to provide control for future
surveys, such as the preparation of atopo-
?raphic map or profile and cross-section
eveling. The level party takes rod readings
and records elevations to the nearest 0.01 foot

or 0.001 meter. It sets the benchmarksin a
place well out of the area of construction and
marks them in such a way that they will
remain in place throughout the whole project.

If there is no established vertical control
point available, establish an arbitrary ele-
vation that may be tied to a vertical control
point later. An assigned value for an arbitrary
elevation must be large enough to avoid
negative elevations a any point on the
project.

Topographic Party _
The topographic party secures enough relief
and planimetric detail within the prescribed
areato locate any obstacles and alow prep-
aration of rough profiles and cross sections.
Computations made from the data determine
the final location. The instruments and
personnel combinations used vary with sur-
vey purpose, terrain, and available time. A
transit-stadia party, plane table party, or
combination of both may be used.

Transit-Stadia Party. The transit-
stadia party is effective in open country
where comparatively long, clear sights can
be obtained without excessive brush cutting.

Plane Table Party. The plane table
party is used where terrain isirregular. For
short route surveys, the procedure is much
the same as in the transit-stadia method,
except that the fieldwork and the drawing of
the map are carried on simultaneously.

Section I11. FINAL LOCATION SURVEY

PREPARATION AND SCOPE

Prior to the final location survey, office
studies consisting of the preparation of a
map from preliminary survey data, projection
of atentative alignment and profile, and
preliminary estimates of quantities and costs
are made and used as guidance for the final
location phase. The instrument party care-
fully establishes the final location in the field
using the paper location prepared from the
preliminary survey. The surveyor should not

2-4

make any changes without the authority of
the officer-in-charge.

RUNNING THE CENTERLINE

The centerline may vary from the paper
location due to objects or conditions that were
not previously considered. The final center-
line determines al the construction lines.
The surveyor marks the stations, runs the
levels, and sets the grades.
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The centerline starts at station 0+00. The
surveyor numbers the stations consecutively
and sets them at the full 100-foot or 30-meter
stations. The surveyor also sets stakes at
important points along the centerline. These
may be culvert locations, road intersections,
beginnings and ends of curves, or breaksin
the grade. When measurements are made in
feet, these stations are numbered from the
last full station (+00). They are called plus
stations. A station numbered 4+44.75 would
be 44.75 feet away from station 4+00 and
444.75 feet from the beginning of the project.

When using the metric system, the total
distance from the beginning of the project
would be 135.56 meters and would be
numbered 135.56.

REFERENCE STAKES

Referencing of stations is described in TM
5-232.The control points established by the location
survey determine the construction layout.
Therefore, these points must be carefully
referenced. The surveyor should set the
control point references far enough from the
construction to avoid disturbance.

PROFILE AND
CROSS SECTIONS

After the centerline of the road, including the
horizontal curves, has been staked, the next

step in the road layout is the determination of
elevations aong the centerline and laterally
across the road. The surveyor performs these
operations, known as profile leveling and
cross-section leveling, as separate operations
but at the same time as the elevation of points
along a centerline or other fixed lines.

The interval usualg coincides with the
station interval, but shorter intervals may be
necessary due to abrupt changes in terrain.
The plotting of centerline elevations is known
as a profile. From this profile, the design
engineer determines the grade of the road.

The cross-section elevations make it possible
to plot views of the road across the road at
right angles. These plotted cross sections
determine the volume of earthwork to be
moved. The surveyor establishes the cross-
section lines at regular stations, at any plus
station, and at intermediate breaks in the
ground and lays out the short crosslines by
eye and long crosslines at a 90-degree angle
to the centerline with an instrument.

All elevations at abrupt changes or breaks in
the ground are measured with arod and level,
and distances from the centerline are
measured with atape. In rough country, the
surveyor uses the hand level to obtain cross
sections if the centerline elevations have
been determined using the engineer level.

Section V. CONSTRUCTION LAYOUT
SURVEY

PREPARATION AND SCOPE

The construction layout is an instrument
survey. It provides the alignment, grades,
and locations which guide the construction
operations. The construction operations
include clearing, grubbing, stripping, drain-
age, rough grading, finish grading, and
surfacing. The command must keep the
surveyors sufficiently ahead of the con-
struction activity in both time and distance
to guarantee uninterrupted progress of the
construction effort. Note the following
suggested distances.

o Keep centerline established 1,500 feet or
450 meters ahead of clearing and grubbing.

» Keep rough grade established and slope
stakes set 1,000 feet or 300 meters ahead of
stripping and rough grading.

o Set stakes to exact grade, 500 feet or 150
meters ahead of finish grading and

surfacing.

2-5
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ALIGNMENT

The surveyor must place the alignment
markers ahead of the crews engaged in the
various phases of construction. The surveyor
may do a hasty alignment, marked be/ flags
and rods, suitable for guiding the clearing
and grubbing operations. However, a delib-
erate location of the centerline is necessary
for the final grading and surfacing opera-
tions.

The surveyor marks the curves and minor

structures concurrently with the layout of the
centerline. Mgjor structures such as tunnels
and bridges involve a site survey. The general

demarcation of the site boundaries is carried

on with the establishment of the route
alignment. The layout of the site proper isa
Separate survey.

SETTING GRADE STAKES

Grade stakes indicate the exact grade
elevation to the construction force. The
surveyor consults the construction plans to
determine the exact elevation of the subgrade
and the distance from the centerline to the
edges of the shoulder.

Preliminary Subgrade Stakes

The surveyor sets preliminary subgrade
stakes on the centerline and other grade
lines, as required. First, the surveyor deter-
mines the amount of cut or fill required at the
centerline station. The amount of cut or fill is
equal to the grade rod minus the ground rod.
The grade rod is equal to the height of
instrument minus the subgrade elevation at
the station. The ground rod is the foresight
reading at the station. If the result of this
computation is a positive value, it indicates
the amount of cut required. If it is negative, it
indicates the amount of fill.

For example, given a height of instrument
(HI) of 115.5 feet, a subgrade elevation of
108.6 feet, and a OIground rod reading of 3.1
feet, the grade rod = 115.5 feet -108.6 = +6.9
and cut or fill =6.9-3.1 = +3.8, indicating a cut
of 3.8 feet. The surveyor records the result in

the field notes and on the back of the grade
stake as cs?ﬁ“l—l‘qHure -1, example a).
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Sometimes, it is necessary to mark stakes to
the nearest whole or halt foot to assist the
earthmoving crew. In the example given, the
surveyor would measure up 0.2 foot on the
stake and mark it asinfigure 2-1, example .
If at this stake afill of 3.8 feet was required,
the surveyor would measure up 0.3 foot an
mark the stake as in|figure 2-1, example g.
[Figure 2-1, example d, shows a case where the
actual subgrade alignment could be marked
on the stake. The number under the cut or fill
represents the distance the stake is from the
road centerline. The surveyor normally makes
rod readings and computations to the nearest
0.1 foot or 0.01 meter.

During rough grading operations, the
construction crew determines the grades for
the edtrzjes of the traveled way, roadbed, and
ditch lines. However, if the road is to be
superelevated or is in rough terrain, the
survey crew must provide stakes for all grade
lines. These would include the centerline, the
edge of the traveled way, the edges of the
roadbed, and possibly, the centerline of the
ditches. The surveyor sets those stakes by
measuring the appropriate distance off the
centerline and determines the amount of cut
or fill as outlined. The surveyor offsets the
stakes along the traveled way, roadbed, and
ditches to avoid their being destroyed during
?raoh ng operations. The construction
oreman, not the surveyor, makes the decision
asto how many and where grade stakes are
required.

Final Grade Stakes

Once the rough grading is completed, the
surveyor setsthe final grade stakes (blue
tops). The elevation of the fina gradeis
determined and the value of the grade rod
reading is computed. The surveyor usesarod
target to set the grade rod reading on the rod.
Therod is held on the top of the stake. The
stake is driven into the ground until the
horizontal crosshair bisects the target and
the top of the stake is at final grade. The
surveyor marks the top of the stake with a
blue flumber crayon to distinguish it from
other stakes.
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Figure 2-1. Grade stakes

The surveyor should provide blue tops on all
grade lines. However, the final decision asto
what stakes are required lies with the
construction foreman. To set final grade, the
surveyor normally makes rod readings and
computations to 0.01 foot or 0.001 meter.

Special Cases _ _
Where grade stakes cannot be driven, asin
hard coral or rock areas, the surveyor must
use ingenuity to set and preserve 8rade
markings under existing conditions. Often,
such markings are made on the rock itself
with a chisel or alumber crayon.

SETTING SLOPE STAKES

Slope stakes indicate the intersection of cut
or fill slopes with the natural groundline.
They indicate the earthwork limits on each
side of the centerline.

Level Section
When the ground is level transversely to the
centerline of the road, the cut or fill at the

slope stake will be the same as t the center,
except for the addition of the crown. On fill
sections, the distance from the center stake to
the slope stake is determined by multiplying
the center cut by the ratio of the slope (for
example, horizontal distance to vertical dis-
tance) of the side slopes and adding one half
the width of the roadbed. On cut sections, the
surveyor can find the distance from the center
stake to the slope stake by multiplying the
ratio of slope by the center cut and adding the
distance from the centerline to the outside
edge of the ditch.

In either casg, if the ground islevel, thesloEe
stake on the right side of the road will be the
same distance from the centerline as the one
on the left side of the road. On superelevated
sections, the surveyor must add the widening
factor to determine the distance from the
centerline to the slope stake. This is because
the widening factor is not the same for both
sides of the road, and the slope stakes will not
be the same distance from the centerline.

2-7
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Transversely Sloping Ground

When the ground is not level transversely,
the cut or Till will be different for various
points depending upon their distance from
the centerline. The surveyor must determine
the point, on each side of the centerline,
whose distance from the center is equa to the
cut or fill at that point multiplied by the slope
ratio and added to one half the roadbed width
for fills, and the slope ratio multiplied by the
distance from the centerline to the outside of
the ditches for cuts.

A tria and error method must be used. The
surveyor will soon attain proficiency in

proximating the correct position of the

ope stake, and the number of trials can
generaly be reduced to two or three. The
surveyor will mark the cut or fill on the slope
stake and record it in the notebook as the
numerator of a fraction whose denominator
is the distance out from the centerline. Three-
level, five-level, and irregular sections present
this problem. Figures 2-2 throughljg il-
lustrate the procedure involved In setting
slope stakes on sloping ground for three
typical cases.

Cut Section
The cut section in fi gure 2-2 hasthe level set
up with an HI of 388.3 feet. The subgrade
evation at this centerline station is set at
372.5 feet for a 23-foot roadbed with 1.5:1 side
sopes, 4-foot shoulders, and 7-foot ditches.
The “grade rod” is the difference between
these two elevations or 388.3 -372.5 = +15.8
feet. The rodman now holds the rod on the
ground at the foot of the center grade stake
and obtains areading of 6.3 feet, a“ground
rod.” The recorder subtracts 6.3 from the
grade rod of 15.8, which gives +9.5 feet or a
center cut of 9.5 feet. On dope stakes, the cut
or fill and the distance out from the centerline
are written facing the center of the road. The
backs of the slope stakes show the station
and the slope ratio to be used.

The recorder estimates the trial distance by
multiplying the cut at the centerline (9.5) by
the slope ratio (1.5) and adding the distance
from the centerline to the outside edge of the
ditch (22.5).

?.5 >)< 1.5+ 22.5= 36.8 (to the nearest tenth of a
oot

| 36.8 FT ,
_ 32.8FT - |
ool
lal
HI = 388.3 FT 8-9F\T_| ST
—_— —_— a e b | I
S ™ S | Im
\ \lﬂ ggé‘ SLOPE ]
~ 16_°v STAKE
cot o ——
\""op z | el 77— B IA
¢ SUBGRADE © I gel| |22 /_@\
af e ELEVATION pael oize «
- 2 ?| 7lo / o| Cc6x
: 5\ 372.5FT \I EJ) Y p oy 328
N E QI I
z |3 ' |
5 s
o] 7
ROADWAY
7FT |aFT 23 FT jaFT} 7FT 10.3FT
45 FT

Figure 2-2. Setting slope stakes
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The rodman now movesto theright at right
angles to the centerline the trial distance
(36.8 feet). Therod isheld at A and a reading
of 9.1 is obtained, which, when subtracted
from the grade rod of 15.8, gives a cut of 6.7
feet. The recorder then computes what the
distance from the centerline to A should be.
Thisis done by multiplying the cut of 6.7 by
the slope ratio and adding one half the
roadbed width, which gives 32.6 feet.

However, the distance to A was measured as
36.8 feet instead of 32.6, so the positionat A is
too far from the centerline. Another trid is

made by moving the rod to 32.6 feet from the
centerline (B), where a reading of 8.9 is made.
The cut at B is now 15.8- 8.9= +6.9, and the
calculated distance from the center is6.9 x 1.5
+225= 32.8 feet. The distance actually
measured is 32.8 feet. Therefore, B is the
correct location of the slope stake and is
marked C&. Since moving the rod one or two
tenths of a foot would not materially change
its reading, greater accuracy is unnecessary.
After afew trias, the rodman locates the
slope stake on the left in a similar manner.
The instrumentman verifies the figures by
computation. When placed in the ground, the
stakes will appear as in figure 2-3.

FRONT BACK FRONT BACK
C (758 7+50 C}i—? 240
ENGLISH |3z g 15 METRIC | ;o 22 -5/,
SYSTEM | ! SYSTEM I |
S | “+———t —_
(Faces Road ', ) 4\ ) "\ ) " /
- i / : / / ) :
Centerline) , \, \\\/ / \\ , /

. s/
v

Fill Section

(HI Above Grade Elevation)

Figure 2-4 illustrates a fill with the HI of the
level set up above the subgrade €levation of
the 31-foot roadbed. In this case, the grade
rod will always be less, numerically, than rod
readings on the ground. The grade rod in this

Figure 2-3. Marking slope stakes

problem is +2.8; the rod reading at the center
stake is 6.5; and the difference is 2.8-6.5= -3.7
feet. The minus sign indicates a center fill.
The rodman finds the positions of the slope
stakes by trial, as previously explained.

HI _
5.2 FT 6.6 FT GRADE ROD 9.6 FT
388.5 FT
. . . el e
]
21 {1 crouno roo
\J
\\ SUBGRADE E E
' 385.7 FT : )
Fe TN N.‘}.' [ o
F3’ \
19.1
0 - CENTER
% FILL
3.6 FT 31.0 FT 10.2 FT

Figure 2-4. Slope stakes (HI above grade elevation)
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Fill Section
Hl Below Grade Elevation)
igure 2-5 illustrates a fill with the HI of the

level below the grade elevation of the future
roadbed. Therefore, the grade rod has a nega-
tive value. Adding the negative ground rod to

the negative grade rod will give a greater
negative value for the fill. For example, at the
center stake, the fill equals (-2.40 meters) +
(-2.35 meters) or -4.75 meters. Otherwise, this
case is similar to the preceding ones.

SUBGRADE ELEVATION 121.10m

y'd

10m

6.14m

[

I

I 8.78m
n

Figure 2-5. Slope stakes (HI below grade elevation)

CULVERT LOCATION

To establish the layout of a site such as a
culvert, the surveyor locates the intersection
of the roadway centerline and a line defining
the direction of the culvert. Generally, cul-
verts are designed to conform with natural
drainage lines. The surveyor places stakes to
mark the inlet and outlet points, and any cut
or fill, if needed, is marked on them. The
construction plans for the site are carefully
followed, and the alignment and grade stakes
are set on the centerlines beyond the work
area. Thus, any line stake which is disturbed
or dlestroyed during the work can be replaced
easily.

The surveyor should also set a benchmark
near the site, but outside of the work area, to

2-10

reestablish grades. shows atypical

layout for a culvert site. Circumstances or
practical considerations may dictate that
certain types of surveyswill be eliminated or
combined. For example, the location and
construction surveys may be run simul-
taneoudly. (Refer to TM 5-330.)

DRAINAGE

The construction of drainage facilitiesis an
important part of any project. The surveyor
must anticipate drainage problems and
gather enough field data to indicate the best
design and location for needed drainage
structures. (Refer to TM 5-330.)
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Figure 2-6. Layout of a culvert
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The problem of adequate drainage isim-
portant to the location, design, and con-
struction of amost any type of military
installation. Proper drainage is of primary
importance with respect to the operational
requirements and the desired useful life of an
installation. Inadequate drainage causes
most road and airfield failures. The surveyor
must see that these and similar facilities are
well drained to function efficiently during
inclement weather. Temporary drainage

2-12

during construction operations cannot be
ignored since it is vital to prevent construc-
tion delays due to standing water or saturated
working aress.

Proper drainage is an essentia part of road
construction. Poor drainage results in mud,
washouts, and heaves, al of which are
expensive in terms of delays and repairs to
both roads and vehicles.



CHAPTER3
CURVES
Section |. SSMPLE HORIZONTAL CURVES

CURVE POINTS

By studying TM 5-232, the surv?/or 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, usualy 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.

Astheradius 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.

SIMPLE CURVE

TYPES OF
HORIZONTAL CURVES

A curve may be simple, compound, reverse, or
spiral (figure 3-1). Compound and reverse
curves are treated as a combination of two or
more simple curves, whereas the spiral curve
is based on avarying radius.

Simple | o
The simple curve is an arc of acircle. It isthe
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.

oo
pa— \
R

COMPOUND CURVE

Figure 3-1. Horizontal curves
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Reverse
A reverse curve consists of two simple curves
joined together but curving in opposite
directions. For safety reasons, the surveyor
should not use this curve unless absolutely
necessary.

AN

N\
N\

AN

|

|

|

!

|

l /
f_ R /.’

—~

REVERSE CURVE

iral
The spiral isa curve with varying radius used
on rallroads and somemodern highways. It
provides a transition from the tangent to a
simple curve or between simple curvesin a
compound curve.

l SPIRAL CURVE

Figure 3-1. Horizontal curves (continued)

STATIONING

On route surveys, the surveyor numbers the
stations forward from the beginning of the
project. For example, 0+00 indicates the
begi nning of the project. The 15+52.96 would
indicate a point 1,552,96 feet from the
beginning. A full station is 100 feet or 30
meters, making 15+00 and 16+00 full stations.
A plus station indicates a point between full
stations. (15+52.96 is a plus station.) When
using the metric system, the surveyor does
not use the plus system of numbering stations.
The station number simply becomes the
distance from the beginning of the project.

ELEMENTSOF A
SIMPLE CURVE
shows the elements of asimple

curve. They are described as follows, and
their abbreviations are given in parentheses.

Point of Intersection (PI) _
The point of intersection marks the point
where the back and forward tangents

32

intersect. The surveyor indicatesit one of the
stations on the preliminary traverse.

| nter secting Angle (1)

The intersecting angle is the deflection angle
at the Pl. The surveyor either computes its
value from the preliminary traverse station
angles or measures it in the field.

Radius (R) _ _
Theradiusisthe radius of the circle of which
the curve is an arc.

Point of Curvature (PC)

The point of curvature is the point where the
circular curve begins. The back tangent is
tangent to the curve at this point.

Point of Tangency (PT)

The point of tangency 1s the end of the curve.
The forward tangent is tangent to the curve
at this point.



Length of Curve (L)
The length of curve is the distance from the
PC to the PT measured along the curve.

Tangent Distance (T)

The tangent distance Is the distance along
the tangents from the Pl to the PC or PT.
These distances are equal on a simple curve.

Central Angle (A)

The central angle is the angle formed by two
radii drawn from the center of the circle (0) to
the PC and PT. The central angleis equal in
valueto the | angle.

SUBCHORD

NI
\J/
.4
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Long Chord (LC)
The long chord is the chord from the PC to the
PT.

External Distance (E)

The external distanceis the distance from the
Pl to the midpoint of the curve. The externa

distance bisects the interior angle at the PI.

Middle Ordinate (M)
The middle ordinate is the distance from the
midpoint of the curve to the midpoint of the

long chord. The extension of the middle
ordinate bisects the central angle.

\
— 100 FT CHORDS
J

SUBCHORD

- A

Figure 3-2. Elements of a simple curve
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Degree of Curve (D

The degree of curve defines the “ sharpness’
or “flatness’ of the curve (figure 3-3). There
are two definitions commonly in use for
degree of curve, the arc definition and the
chord definition.

100 FT

Mo
CHORD definition

100 FT

(o]
ARC definition

Figure 3-3. Degree of curve

Arc definition. The arc definition states
that the degree of curve (D) is the angle
formed by two radii drawn from the center of
the circle (point O, figure 3-3) to the ends of an
arc 100 feet or 30.48 meters long. In this
definition, the degree of curve and radius are
icnver?ely proportional using the following
ormula

Degree of Curve , . Length of Arc

360° Circumference

3-4

Circumference = 2 7 Radius

m = 3.141592654

Asthe degree of curve increases, the radius
decreases. It should be noted that for a given
intersecting angle or central angle, when
using the arc definition, all the elements of
the curve are inversely proportioned to the
degree of curve. This definition is primarily
used by civilian engineers in highway
construction.

English system. Substituting D = 1°and
length of arc = 100 feet, we obtain—

1, 100, 1 ., _ 100
360° 27R 360 6.283185308 R

Therefore, R = 36,000 divided by
6.283185308

R =5,729.58 ft

Metric system. In the metric system, using a
30.48-meter length of arc and substituting D =
1°, we obtain—

1°.. 3048_ 1 .. 3048
360° 27R 360  6.283185308 R

Therefore, R =10,972.8 divided by
6.283185308

R=1,746.38m

Chord definition. The chord definition
states that the degree of curveisthe angle
formed by two radii drawn from the center of
the circle g)oi nt O, figure 3-3) to the ends of a
chord 100 feet or 30.48 meters long. The
radius is computed by the following formula

or 15.24m

Sin % D

R = 50 ft
Sin'2 D




The radius and the degree of curve are not
inversely proportional even though, asin the
arc definition, the larger the degree of curve
the “sharper” the curve and the shorter the
radius. The chord definition is used primaril
on railroads in civilian practice and for bot
roads and railroads by the military.

English system. Substituting D = 1°and
given SinY21 = 0.0087265355.

R = 50ft or 50
Sn%D  0.0087265355
R =5,729.65 ft

Metric system. Using a chord 30.48 meters
long, the surveyor computes R by the formula

FM 5-233

Substituting D = 1° and given Sin %2 1°=
0.0087265335, solve for R as follows:

15.24

R=___-22%
0.0087265355

R =1,746.40 m

Chords

On curves with long radii, it isimpractical to
stake the curve by locating the center of the
circle and swinging the arc with atape. The
surveyor lays these curves out by staking the
ends of a series of chords (figure 3-4). Since
the ends of the chords lie on the circumference
of the curve, the surveyor definesthe arcin
the field. The length of the chords varies with
the degree of curve. To reduce the discrepancy
between the arc distance and chord distance,

the surveyor uses the following chord lengths:

R=_ 1524m
0.0087265355
Degree of
Curve
from 1- 3
3-8
~, PI 8-16
‘A over 16

Radius Radius Chord Lengths
Feet Meters Feet Meters
5,730-1,910 1,745-585 100 30
1,910- 720 585 - 220 50 15
720 - 360 220-110 25 7.5
360 - 150 110- 45 10 3

Figure 3-4. Deflection angles

The chord lengths above are the maximum
distances in which the discrepancy between
the arc length and chord length will fall
within the allowable error for taping, which
is 0.02 foot per 100 feet on most construction
surveys. Depending upon the terrain and the
needs of the project foremen, the survevor

may stake out the curve with shorter or
longer chords than recommended.

Deflection Angles

The deflection angles are the angles between
atangent and the ends of the chords from the
PC. The surveyor uses them to locate the
direction in which the chords are to be laid
out. The total of the deflection angles is
always equal to one half of the I angle. This
total serves as a check on the computed
deflection angles.
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SIMPLE CURVE FORMULAS

The following formulas are used in the
computation of a simple curve. All of the
formulas, except those noted, apply to both
the arc and chord definitions.

R=0729.58 ft ;. 1746.38 m (,r¢ definition)
D D

D =9729.58 ft or 1746.38 m (arc definition)

R R
R=_090ft  1524m (chord definition)
Sin % D Sin% D

Sin % D :.@.ﬁorSin %BD-=
R

15.24 M hord definition)
R

T=R(Tan % I)

™

L {_I_)wo ftor L = ( I_)30.48m
\D) \D

L isthe distance around the arc for the arc
definition, or the distance aong the chords
for the chord definition.

PC=PI-T

PT=PC+L

E:R( 1
Cos 21

- l)or E=T(Tan %4 I)

3-6

M=R (I-COs*21)
LC=2R(Sin%1)
In the following formulas, C equals the chord
length and d eguals the deflection angle. All

the formulas are exact for the arc definition
and approximate for the chord definition.

d: (;')) (10§ ft) o (12))( 30.4§m)

This formula gives an answer in degrees.

d = 0.3 (C)}D) in the English system or

(0.3 x D) (C)

,3048
in the metric system. The answer will bein
minutes.

SOLUTION OF A
SIMPLE CURVE

To solve asimple curve, the surveyor must
know three elements. The first two are the Pl
station value and the | angle. The third is the
degree of curve, which is given in the project

ecifications or comﬁuted using on
% e

ements limited by the terrain sectio

. The surveyor normally determines the Pl
and | angle on the preliminary traverse for
the road. This may also be done by tri-
angulation when the PI is inaccessible.

Chord Definition

The six-place natural trigonometric functions
from|table A-1 were used in the example.
When a calculator is used to obtain the
trigonometric functions, the results may vary
dightly. Assume that the following is known:
Pl = 18+00, | = 45, and D = 15°.
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Chord Definition (Feet)

R-_B50ft . 50
Sin% D 0.130526

= 383.07 ft

T=R(Tan'%1)=383.07x0.414214 = 158.67 ft

L 1% 100 £t = 45 x 100 = 300.00 ft
D 15
PC=PI-T=1800-15867
1,641.33 or station 16+41.33

PT=PC+L=1641.33+300=
1,941.33 or station 19+41.33

E=R( 1 -1) :383.07( 1 -1)
Cos % I 0.923880

- 31.56 ft
M=R(1-Cos % I) = 383.07 (1 - 0.923880) =

16 ft

)

o

LC=2R(Sin % I) =2 x 383.07 (0.382683) =
293.19 ft

Chords. Since the degree of curveis 15
degrees, the chord length is 25 feet. The
surveyor customarily places the first stake
after the PC at a plus station divisible by the
chord length. The surveyor stakes the
centerline of the road at intervals of 10,25,50
or 100 feet between curves. Thus, the level
party is not confused when profile levels are
run on the centerline. The first stake after the
PC for this curve will be at station 16+50.
Therefore, the first chord length or subchord
15 8.67 feet. Similarly, there will be a subchord
at the end of the curve from station 19+25 to
the PT. This subchord will be 16,33 feet. The

surveyor designates the subchard at the
beginning, C,, and at the end, C,[figure 3-2).
Deflection Angles. After the subchords
have been determined, the surveyor computes

he deflection angles using the formulas on
page 3-8. Technically, the formulas for the

arc definitions are not exact for the chord
definition. However, when a one-minute
instrument is used to stake the curve, the
surveyor may use them for either definition.
The deflection angles are—

d = 0.3 CD
d,=03x25x15°=1125 or 1°52.5'
d,=0.3X 8.67X 15° = 0°39.015’

d,= 0.3x16.33 x 15° = 73.485' or 1°13.485'

The number of full chordsis computed by
subtracting the first plus station divisible by
the chord length from the last plus station
divisible by the chord Iength and dividing the
difference by the standard (std) chord length.
Thus, we have (19+25 - 16+50)-25 equals 11
full chords. Since there are 11 chords of 25
feet, the sum of the deflection angles for 25-
foot chordsis 11 x 1°52.5" = 20°3/.5'.

The sum of d,, d,, and the deflections for the
full chords is—

= 0°39.015
g = 1°13.485
= 20°37.500

Total 22°30.000

The surveyor should note that the total of the
deflection angles is equal to one half of the
angle. If the total deflection does not equal
one half of 1, amistake has been made in the
calculations. After the total deflection has
been decided, the surveyor determines the
angles for each station on the curve. In this
step, they are rounded off to the smallest
reading of the instrument to be used in the
field. For this problem, the surveyor must
assume that a one-minute instrument is to be
used. The curve station deflection angles are

listed on.

37



FM 5-233

STATION CHORD LENGTH

PC 16+41.33
+50 C, 8.67
+75 C,..25
17+00 25
+25 25
+60 25
+75 25
18+00 25
+25 25
+50 25
+75 25
18+00 25
+25 25
PT 19+41.33 C,16.33

Special Cases. The curve that was just
solved had an | angle and degree of curve
whose values were whole degrees. When the |
angle and degree of curve consist of degrees
and minutes, the procedure in solving the
curve does not change, but the surveyor must
take care in substituting these values into the
formulas for length and deflection angles.
For example, if | =42° 15 and D =5° 37', the

3-8

DEFLECTION ANGLES

d, 0°39.015 or 0° 39
d,+ 1°52.500'
2° 31.515' or 2° 32’
+1° 52.500"

4° 24.015' or 4° 24’
+1° 52.500

8°9.015" or 8° 09’
+1°52.500

_——

<+
[y

0° 1.515' or 10° 02’
° 52.500'
11° 54.015' or 11° 54’
+1° 52.500"

+1°52.500

15° 39.015' or 15° 39’
+1° 52.500'

17° 31.515' or 17° 32’
+1°52.500'

0o 9 7

ANTE
P/ BN

I
1° 52.500

]

POe |
ur 1

+

21° 26.515' or 21° 27’
d, + 1° 13.485'

22° 30.000' or 22° 30’

surveyor must change the minutes in each
angle to a decimal part of a degree, or D =
42.25000°, | = 5.61667°. To obtain the required
accuracy, the surveyor should convert values
to five decimal places.

An alternate method for computing the length
isto convert the | angle and degree of curve to
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minutes; thus, 42° 15" = 2,535 minutes and 5°
37" = 337 minutes. Substituting into the length
formula gives

L =2535x 100 = 752.23 feet.
337

This method gives an exact result. If the
surveyor converts the minutes to a decimal
part of adegree to the nearest five places, the
same result Is obtained.

Since the total of the deflection angles should
be one half of the | angle, a problem arises
when the | angle contains an odd number of
minutes and the instrument used is a one-
minute instrument. Since the surveyor
normally stakes the PT prior to running the
curve, the total deflection will be a check on
the PT. Therefore, the surveyor should
compute to the nearest 0.5 degree. If the total
deflection checks to the nearest minute in the
field, it can be considered correct.

Curve Tables _

The surveyor can simplify the computation
of simple curves by using tables| Table A-%
lists long chords, middle ordinates, externals,
and tangents for a |-degree curve with a
radius o 5,7various angles of
intersection.| Table A-6 lists the tangent,
external distance corrections (chord def-

inition) for various angles of intersection and
degrees of curve.

Arc Definition. Since the degree of curve by
arc definition isinversely proportiona to the
other functions of the curve, the values for a
one-degree curve are divided by the degree of
curve to%e element desired. For
example, lists the tangent distance
and externa distance for an | angle of 75
degreesto be 4,396.7 feet and 1,492,5 fest,
respectively. Dividing by 15 degrees, the
degree of curve, the surveyor obtains a

tangent distance of 293.11 feet and an
external distance of 99.50 feet.

Chord Definition. To convert these values
to the chord_definition, the surveyor uses the
values in|table A-5. Fromhtable A-6, a

correction of 0.83 feet is obtained for the
tangent distance and for the external
distance, 0.29 fest.

The surveyor adds the corrections to the
tangent distance and external distance
obtained fromtable A-8 This gives atangent
distance of 293.94 feet and an external
distance of 99.79 feet for the chord definition.

After the tangent and external distances are
extracted from the tables, the surveyor
computes the remainder of the curve.

COMPARISON OF ARC
AND CHORD DEFINITIONS

Misunderstandings occur between surveyors
in the field concerning the arc and chord
definitions. It must be remembered that one
definition is no better than the other.

Different Elements

Two different circles are involved in
comparingrtwo curves with the same degree
of curve. The difference is that one is com-
puted by the arc definition and the other by
the chord definition. Since the two curves
have different radii, the other elements are
also different.

5,730-Foot Definition

Some en%i neers prefer to use a value of 5,730
feet for the radius of al-degree curve, and the
arc definition formulas. When compared with
the pure arc method using 5,729.58, the 5,730
method produces discrepancies of less than
one part in 10,000 parts. This is much better
than the accuracy of the measurements made
inthefield andis in al but the
most extreme cases,| Table A-§is based on
this definition.

CURVE LAYOUT

The following is the procedure to lay out a
curve using a one-minute instrument with a
horizontal circle that reads to the right. The
values are the same as those used to
demonstrate the solution of a simple curve

through[3-8).
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Setting PC and PT

With the instrument at the PI, the in-
strumentman sights on the preceding Pl and
keeps the head tapeman on line while the
tangent distance is measured. A stake is set
on line and marked to show the PC and its
station value.

The instrumentman now points the in-
strument on the forward PI, and the tangent
distance is measured to set and mark a stake
for the PT.

Laying Out Curve from PC

The procedure for laying out a curve from the
PC is described as follows. Note that the
procedure varies depending on whether the
road curves to the left or to the right.

Road Curves to Right. The instrument is
set up at the PC with the horizontal circle at
0°00" on the PI.

(1) The angle to the PT is measured if the PT
can be seen. This angle will equal one half
of the | angle if the PC and PT are |ocated

properly.

(2)without touching the lower motion, the
first deflection angle, d, (0° 39'), is set on
the horizontal circle. The ingtrumentman
keeps the head tapeman on line while the
first subchord distance, C,(8.67 feet), is
measured from the PC to set and mark
station 16+50.

(3) The instrumentman now sets the second
deflection angle, d,+ d_,(2° 32'), on the
horizonta circle. The tapemen measure
the standard chord (25 feetg from the
previously set station (16+50) while the
Instrument man keeps the head tapeman
on line to set station 16+75.

(4) The succeeding stations are staked out in
the same manner. If the work is done
correctly, the last deflection angle will

oint on the PT, and the last distance will
ﬁt?gsubchord length, C,(16.33 feet), to
the PT.

3-10

Road Curves to Left. Asin the procedures
noted, the instrument occupies the PC and is
set at 0°00° pointing on the PI.

(1) The angle is measured to the PT, if
possible, and subtracted from 360 degrees.
The result will equal one haf the | angle if
the PC and PT are positioned properly.

(2The first deflection, d (0° 39'), is
subtracted from 360 degrees, and the
remainder is set on the horizontal circle.
The first subchord, C (8.67 feet), is
measured from the PC, and a stake is set
on line and marked for station 16+50.

(3)The remaining stations are set by
continuing to subtract their deflection
angles from 360 degrees and setting the
results on the horizontal circles. The chord
distances are measured from the pre-
vioudly set station.

(4)The last station set before the PT should
be C,(16.33 feet from the PT), and its
deflection should equal the angle mea-
gj(rlegllz )(1) above plus the last deflection,

Laying Out Curve from
Intermediate Setup

When it is impossible to stake the entire curve
from the PC, the surveyor must use an
adaptation of the above procedure.

(1) Stake out as many stations from the PC
aspossible.

(2)Move the instrument forward to any
station on the curve.

(3) Pick another station already in place, and
set the deflection angle for that station on
the horizontal circle. Sight that station
with the instruments telescope in the
reverse position.

(4)Plunge the telescope, and set the re-
maining stations as if the instrument was
set over the PC.



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 iswidely 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 curveisin
its center where it isless noticeable.

Road Curves to Right. Occupy the PT, and
sight the PI with one haf of the | 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
sifght the Pl with 360 degrees minus one half
of the | angle on the horizonta 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.

FM 5-233

CHORD CORRECTIONS

Frequently, the surveyor must lay out curves
more precisely than Is possible by using the
chord lengths previoudly described.

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

Table A-1Q gives the corrections to be applied
I 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.
I%ure 3-5 illustrates the example given in
t

e A-9. The chord distance from station
+00 fo 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 i1s 0.19 feet. The chord

distance from 18+00 to 18+50 and 18+50 to
19+00 would be 50.19.

100 FT

Figure 3-5. Subchord corrections
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Section 1. OBSTACLES TO CURVE LOCATION

TERRAIN RESTRICTIONS

To solve asimple curve, the surveyor must
know three parts. Normally, these will be the
Pl, | angle, and degree of curve. Sometimes,
however, the terrain features limit the size of
various elements of the curve. If this happens,
the surveyor must determine the degree of
curve from the limiting factor.

I naccessible PI
Under certain conditions, it may be im-
possible or impractica to occupy the PI. In
this case, the surveyor locates the curve
3e,l gz)ments by using the following steps (figure

(1) Mark two intervisible points A and B, one
on each of the tangents, so that line AB (a
random line connecting the tangents)
will clear the obstruction.

(9 Measure angles aand b by setting up at
both A and B.

(3) Measure the distance AB.

(4) Compute inaccessible distances AV and

BV asfollows: l=a+b
K=180°-1
AV -ABSinb
Sin K
Sin K
PI=Sta A+AV

3-12

0
Figure 3-6. Inaccessible PI
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(5 Determine the tangent distance from the
Pl to the PC on the basis of the degree of
curve or other given limiting factor.

(6)Locate the PC at a distance T minus AV
from the point A and the PT at distance T
minus BV from point B.

(7) Proceed with the curve computation and
layout.

Inaccessible PC

When the PC isinaccessible, asillustrated in
figure 3-7, and both the Pl and PT are set and
readily accessible, the surveyor must
eﬁ;taggsh the location of an offset station at
the PC.

(1)Place the instrument on the PT and back
the curve in as far as possible.

(2) Select one of the stations (for example,
“P") on the curve, so that a line PQ,
parallel to the tangent line AV, will clear
the obstacle at the PC.

(3) Compute and record the length of line PW
so that point W is on the tangent line AV
and line PW is perpendicular to the
tangent. The length of linePW =R (I - Cos
d,), where dp isthat portion of the central
angle subtended by AP and equal to two
times the deflection angle of P.

(4) Establish point W on the tangent line by
setting the instrument at the Pl and
laying off angleV (V =180° - I). This
sights the instrument along the tangent

Figure 3-7. Inaccessible PC
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AV. Swing a tape using the computed
length of line PW and the line of sight to
Set point W.

(5) Measure and record the length of line VW
along the tangent.

(6)Place the instrument at point P. Backsight
point W and lay off a 90-degree angle to
sight along line PQ, parallel to AV.

(7) Measure along this line of sight to a point
Q beyond the obstacle. Set point Q, and
record the distance PQ.

(8) Place the instrument at point Q, backsight
P, and lay off a 90-degree angle to sight
dong line QS. Measure, along thisline of
sight, a distance QS equals PW, and set
point S. Note that the station number of
point S=PI - (line VW + line PQ).

(9) Set an offset PC at point Y by measuring
from point Q toward point P a distance
equal to the station of the PC minus
station S. To set the PC after the obstacle
has been removed, ﬁl ace the instrument
apointY, backsig t point Q, lay off a
90-degree angle and a distance from Y to
the PC equal to line PW and QS. Carefully
set reference points for points Q, S, Y, and
W to insure points are available to set the
EC after clearing and construction have

egun.

Inaccessible PT

When the PT isinaccessible, asillustrated in
figure 3-8, and both the Pl and PC are readily
accessible, the surveyor must establish an

Figure 3-8. Inaccessible PT
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offset station at the PT using the method for
inaccessible PC with the following ex-
ceptions.

(1) Letter the curve so that paint A is at the
PT instead of the PC (seel %éﬂ%ﬁ §§)

(2Lay the curve in as far as possible from
the PC instead of the PT.

(3) Angle d,is the angle at the center of the
curve between point P and the PT, which
Is equal to two times the difference
between the deflection at P and one half
of I. Follow the steps for inaccessible PC
to set lines PQ and QS. Note that the
station at point S equals the computed
station value of PT plus YQ.

(4)Use station S to number the stations of
the alignment ahead.

Obstacle on Curve

Some curves have obstacles large enough to
interfere with the line of sight and taping.
Normally, only afew stations are affected.
The surveyor snould not waste too much time
on preliminary work. Figure 3-9 illustrates a
method of bypassing an obstacle on a curve.

(1) Set the instrument over the PC with the
Elorizontal circleat 000", and sight on the

Check 1/2 from the PI to the PT, if
possible.

(2)Set as many stations on the curve as
possible before the obstacle, point b.

(3)Set the instrument over the PT with the
plates at the value of 1/2. Sight on the PI.

(o]
Figure 3-9. Obstacle on a curve
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(4)Back in as many stations as possible
beyond the obstacle, point e.

(5) After the obstacle is removed, the
obstructed stations ¢ and d can be set.

CURVE THROUGH
FIXED POINT

Because of topographic features or other
obstacles, the surveyor may find it necessar
to determine the radius of a curve which will
pass through or avoid a fixed point and
connect two given tangents. This may be
accomplished as follows (figure 3-10):

(1)Given the PI and the | angle from the
preliminary traverse, place the in-
strument on the Pl and measure angle d,
so that angle d is the angle between the
fixed point and the tangent line that lies
on the same side of the curve as the fixed
point.

\

\ | ‘

(2) Measure line y, the distance from the PI to
the fixed point.

(3) Compute angles ¢, b, and aiin triangle
COP.

c=90-(d+1/2)
To find angle b, first solve for angle e

Sine=Sinc
Cosl/2

Angle b = 180°- angle e
a=180°-(b+c)

(4)Compute the radius of the desired curve
using the formula

RzySinc
Sin a

ANGLE d = TURNED ON FIELD

LINE y = MEASURED IN FIELD

o

Figure 3-10. Curve through a fixed point
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(5) Compute the degree of curve to five
decimal places, using the following
formulas:

(arc method) D = 5,729.58 ft/R
D = 1,746.385 meters/R

(chord method) Sin D = 2 (50 feet/R)
Sin D =2 (15.24 meterdR)

(6) Compute the remaining elements of the
curve and the deflection angles, and stake
the curve.

LIMITING FACTORS

In some cases, the surveyor may have to use
elements other than the radius as the limiting
factor in determining the size of the curve.
These are usually the tangent T, external E,
or middle ordinate M. When any limiting
factor isgiven, it will usually be presented in
the form of T equals somevalue x, T=xor T<
X. Inany case, the first step is to determine
the radius using one of the following
formulas:

Given: Tangent; then R = T/(Tan ¥4l)
External; then R =
E/[(I/Cos¥d) - 1]

Middle Ordinate; then R =
M/(l - Cos %)

The surveyor next determines D. If the
limiting factor is presented intheform T
equals some value X, the surveyor must
compute D, hold to five decimal places, and
compute the remainder of the curve. If the
limiting factor is presented as >, thenD is
rounded down to the nearest %2 degree. For
example, if E> 50 feet, the surveyor would
round down to the nearest ¥z degree, re-
compute E, and compute the rest of the curve
data using the rounded value of D, The new
]\c/al ue of E will be equal to or greater than 50
eet.

If the limiting factor is<. the D isrounded is
to the nearest %2 degree. For example, if M <
45 feet, then D would be rounded up to the
nearest ¥2 degree, M would be recogwcfuted,

and the rest of the curve data computed using
the rounded value of D. The new value of M

will be equal to or less than 45 feet.

lﬁhﬁéﬁeyor may aso use the values from
to compute the value of D. Thisis

done by dividing the tabulated value of
tangent, external, or middle ordinate for a
|-degree curve by the given value of the
limiting factor. For example, given alimiting
tangent T < 45 fee =20°20', the T for a
|-degree curve from table B-3 is 1,027.6 and D
= 1,027.6/45.00 = 22.836°. Rounded up to the
nearest half degree, D = 23°. Use this rounded
value to recompute D, T and the rest of the
curve data.

Section 111.
COMPOUND AND REVERSE CURVES

COMPOUND CURVES

A compound curve is two or more smple
curves which have different centers, bend in
the same direction, lie on the same side of
their common tangent, and connect to form a
continuous arc. The point where the two
curves connect (namely, the point at which
the PT of the first curve equals the PC of the
second curve) is referred to as the point of
compound curvature (PCC).

Since their tangent lengths vary, compound
curves fit the topography much better than
simple curves. These curves easily adapt to
mountainous terrain or areas cut by large,
winding rivers. However, since compound
curves are more hazardous than ssmple
curves, they should never be used where a
simple curve will do.
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Compound Curve Data

The computation of compound curves pre-
sents two basic problems. The first is where
the compound curveisto belaid out between
two successive Pls on the preliminary
traverse. The second is where the curve isto
be laid in between two successive ents on
the preliminary traverse. (

Compound Curve between Successive
Pls. The calculations and procedure for
laying out a compound curve between
successive Pls are outlined in the following
steps. This procedure isillustrated in

(1) Determine the PI of the first curve at
point A from field data or previous
computations.

(2)Obtain 1, 1,, and distance AB from the
field data

(3) Determine the value of D,, the D for the
first curve. This may be computed from a
limiting factor based on a scaled value
from the road plan or furnished by the
project engineer.

(4) Compute R the radiys of thefirst curve
as shown on|pages 3-6 through 3-8

(5) Compute T,, the tangent of the first curve.
T,=R,(Tan %1)

(6) Compute T,, the tangent of the second
curve.

T=AB-T,

(7) Compute R,, the radius of the second
curve.

:T2

R Tan %21

(8) Compute D,for the second curve. Since

318

the tangent for the second curve must be
held exact, the value of D,must be carried
to five decimal places.

(9 Compare D,and D,. They should not
differ by more than 3 degrees, If they vary
2%/ more than 3 degrees, the surveyor

ould consider changing the con-
figuration of the curve.

(10) If the two Ds are acceptable, then compute
the remaining data and deflection angles
for the first curve.

(11) Compute the PI of the second curve, Since
the PCC is at the same station as the PT
of the first curve, then PI,=PT,+ T,.

(12) Compute the remaining data and de-
flection angles for the second curve, and
lay in the curves.

Compound Curve between Successive
Tangents. The following steps explain the
laying out of a compound curve between

successive 1a his procedure is
illustrated in(figure 3-11b

(1) Determine the Pl and | angle from the
field data and/or previous computations.

(2) Determine the value of |, and distance
AB. The surveyor may do this by field
measurements or by scaling the distance
and angle from the plan and profile sheet.

(3) Compute angle C.

C=180-1

(4) Compute I,
12=180-(1,+C)

(5) Compute line AC.

AC=ABSinl2
SnC
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D4

a. BETWEEN SUCCESSIVE Pis

b. BETWEEN SUCCESSIVE TANGENTS

Figure 3-11. Compound curves
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(6) Compute line BC.
BC=ABSinl,

SnC

(7) Compute the station of PI..
Pl,=Pl - AC

(8) Determine D,and compute R, and T, for

tpe first curve as described o
througf 3-8

(9 Compute T,an
pag) through

,aS described on

Q)

(10) Compute D, according to the formulas on
pages 3-9 throug S-EE

(11) Compute the station at PC.
PC=PI-(AC+T)

(12) Compute the remaining curve data and
deflection angles for the first curve.

(13) Compute Pl,.
PL =PT, +T,

(14) Compute the remaining curve data and
deflection angles for the second curve,
and stake out the curves.

Staking Compound Curves

Care must be taken when staking acurvein
the field. Two procedures for staking
compound curves are described.

Compound Curve between Successive
Pls. Stake the first curve as described on

pages 3-10 and 3-11].

(1) Verify the PCC and PT, by placing the
instrument on the PCC, sighting on PI,,
and laying off 1,/2. The resulting line-of-
sight should intercept PT.,.

(2) Stake the second curve in the same
manner asthe first.

3-20

Compound Curve between Successive
Tangents. Place the instrument at the PI
and sight along the back tangent.

(1) Lay out a distance AC from the Pl along
the back tangent, and set PI..

(2) Continue along the back tangent from P,
adistance T,, and set PC..

(3) Sight along the forward tangent with the
instrument still at the PI.

(4) Lay out a distance BC from the Pl along
the forward tangent, and set P,

(5) Continue along the forward tangent from
Pl a distance T,, and set PT,.

(6) Check the location of PI,and PI,by either
measuring the distance between the two
Pls and comparing the measured distance
to the computed length of line AB, or by
placing the instrument at PI,, sighting
the PI, and laying off I,. The resulting
line-of-sight should intercept PI.,.

"t ke the curves as outlined on
]

REVERSE CURVES

A reverse curve is composed of two or more
simple curves turning in opposite directions.
Thelir points of intersection lie on opposite
ends of a common tangent, and the PT of the
first curve is coincident with the PC of the
second. This point is called the point of
reverse curvature (PRC).

Reverse curves are useful when laying out
such things as pipelines, flumes, and levees.
The surveyor may also use them on |ow-speed
roads and railroads. They cannot be used on
high-speed roads or railroads since they
cannot be properly superelevated at the PRC.
They are sometimes used on canals, but only
with extreme caution, since they make the



canal difficult to navigate and contribute to
erosion.

Reverse Curve Data

The computation of reverse curves presents
three basic problems. The first is where the
reverse curve IS to be laid out between two
successive PIs. (See figure 3-12.) In this case,
the surveyor performs the computations in
exactly the same manner as a compound
curve between successive PIs. The second is
where the curve isto be lai it connects
two parallel tangents (figure 3-13). The third
problem is where the reverse curve isto be
alid out so that it connects diverging tangents
figure 3-14).

BACK

TANGENT PCy T4 P14

FM 5-233

PT2  FORWARD

TANGENT

R2

Figure 3-12. Reverse curve between successive Pls
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Connecting Parallel Tangents
Figure 3-13 illustrates a reverse curve
connecting two parallel tangents. The PC
and PT are located as follows.

(1)Measure p, the perpendicular distance
between tangents.

(2L ocate the PRC and measure m,and m,.
(If conditions permit, the PRC can be at
the midpoint between the two tangents.
This will reduce computation, since both
arcswill beidentical.)

(3) Determine R.

(4) Compute I,.

Cos].l=R;m1
R,

(5) Compute L, from

L =R Sin]
R,,l,,andL, are determined in the same
way asR, |, and L.. If the PRC isto be
the midpoint, the values for arc 2 will be
the same as for arc 1.

(6) Stake each of the arcs the same as a
simple curve. If necessary, the surveyor
can easily determine other curve
components. For example, the surveyor
needs a reverse curve to connect two
parallel tangents. No obstructions exist
S0 it can be made up of two equal arcs. The

04 degree of curve for both must be 5°. The
surveyor measures the distance p and
finds 1t to be 225.00 feet.
m,= m,and L= L,

%
11 R.,= Rzand I,= |,
N\ N
\ PT I FORWARD TANGENT
= * —a ;2— —_— fﬁ | >
N\ |
L4 PRC\'/ >
S AN
BACK TANGENT — I < . B
PC \
\\ &
\02

Figure 3-13. Reverse curve connecting parallel tangents
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=1,146.29 ft

R, = 50ft . 50 ft
Sin 2D 0.043619

Cos I =Ru-m - L0339 _ 4901857
R 1,146.2

I, = 25° 36’

L, =R, Sin[, =1,146.29 x 0.432086 = 495.30
ft

(7) The PC and PT are located by measuring
off L,and L,.

Connecting Diverging Tangents
The connection of two diverging tangents by
areverse curveisillustrated in figure 3-14.
Due to possible obstruction or topographic
consideration, one simple curve could not be
used between the tangents. The PT has been
moved back beyond the PI. However, the |
angle still existsasin asimple curve. The
controlling dimensions in this curve are the
distance T_to locate the PT and the values of

R,and R,, which are computed from the
specified degree of curve for each arc.

(1) Measure | at the PI.

(2) Measure T to locate the PT as the point
where the curve isto join the forward
tangent. In some cases, the PT position
will be specified, but T.must still be
measured for the computations.

(3) Perform the following calculations:

Determine R, and R,. If practical, have R,
equa R,

Angle s= 180-(90+1)=90-I
m=T(Tanl)

L =T
OSi

anglee =1, (by similar triangles)

o
1 N
AN
N
N\
31 N
% N
7 AN
AS
ARC 2 N
c
PRC
peC
PC
|
|
|
L e
| i T >

Figure 3-14. Reverse curve connecting diverging tangents
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anglef =1,(by similar triangles)
therefore, 1,=1 +1,
n=(R,-m)Sine

p=(R,-m) Cose

Petermi ne g by establishing the value of

Cos [ -R+p
R +R
Knowing Cos I,, determine Sin |..
g=(R +R)Sin]
T, =g+n+L

(4) Measure T, from the Pl to locate the PC.

(5) Stake arc 1 to PRC from PC.

(6) Set instrument at the PT and verify the
PRC (invert the telescope, sight on PI,
plunge, and turn angle 1,/2).

(7) Stake arc 2 to the PRC from PT.

For example, irifiéure 3-14, areverse curve is

to connect two diverging tangents with both

arcs having a 5-degree curve. The surveyor

locates the Pl and measures the | angle as 41

degrees. The PT location is specified and the
T.is measured as 550 feet.

50 ft _ 50
Sin% D  0.043619

R =R, = =1,146.29 ft

Angle s =90°-1=49°

m =T, TanI =550 x 0.869287 = 478.11 ft

Lo T _ 550

= =728.76 ft
CosI 0.754710

n=(R,-m)SinI=(1,146.29-478.11) 0.656059
= 438.37 ft

p=(R, -m)CosI1=(1,146.29-478.11)0.754710
=504.28 ft

CosL =RitP. 114629+ 50428
R +R, 1,146.29 +1,146.29

=0.719962

I =43°57'

g =(R, +R,) sin L =(2,292.58) 0.694030 =
1,591.12 ft

T, =g+n+L=1591.12+438.37 +728.76 =
2,758.25 ft

The PC is located by measuring T,. The curve
is staked using 5-degree curve computations.

Section 1V. TRANSITION SPIRALS

SPIRAL CURVES

In engineering construction, the surveyor
often Inserts a transition curve, also known
asaspiral curve, between acircular curve
and the tangent to that curve. The spiral isa
curve of varying radius used to graduall
increase the curvature of aroad or railroad.
Spiral curves are used Pri marily to reduce
skidding and steering difficulties by gradual
transition between straight-line and turning
motion, and/or to provide a method for
adequately superelevating curves.

3-24

The spiral curve is designed to provide for a
gradual superelevation of the outer pavement
edge of the road to counteract the centrifugal
force of vehicles as they pass. The best spiral
curve is one in which the superelevation
increases uniformly with the [ength of the
spiral from the TS or the point where the
spira curve leaves the tangent.

The curvature of a spiral must increase
uniformly from its beginning to its end. At
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the beginning, where it leaves the tangent, its
curvature is zero; a the end, where it joins the
circular curve, it has the same degree of
curvature as the circular curve it intercepts.

Theory of A.R.E.A.

10-Chord Spiral

The spiral of the American Railway
Engineering Association, known as the
A.RE.A. spird, retains nearly al the
characteristics of the cubic spiral. In the
cubic spird, the lengths have been considered
as measured along the spiral curve itself, but
measurements in the field must be taken by
chords. Recognizing this fact, in the A.R.EA.
spiral the length of spiral is measured by 10

CIRCULAR

ClLIRVE S.

equa chords, so that the theoretical curve is
brought into harmony with field practice.
This 10-chord spiral closely approximates
the cubic spira. Basicaly, the two curves
coincide up to the ?Oi nt where a = 15 degrees.
The exact formulas for this A.R.E.A. 10-
chord spiral, when A does not exeed 45

degress, are given on[pages 3-27 and([3-29

Spiral Element

Figures 3-15 ol 318 show the notations
applied to elements of a simple circular curve
with spirals connecting it to the tangents.

TS = the point of change from tangent to
spiral

SPIRAL

0 l
i
 BACK TS - —
 TANGENT | A i
l<—2—>‘ SPIRAL l
'«-—x——-—»-l
Le T A’I
l‘ 13

Figure 3-15. Simple curve connected to its tangent with spirals

3-25
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SC = the point of change from spiral to
circular curve

CS = the point of change from circular curve
to spira

ST = the point of change from spiral to
tangent

SS = the point of change from one spir
another (not shown in[figure 3-19 or|figure

The symbols PC and PT, TS and ST, and SC
and CS become transposed when the direction
of stationing is changed.

a = the angle between the tangent at the TS
and the chord from the TS to any point on the

spiral
A =the angle between the tangent at the TS
and the chord from the TS to the SC

b = the angle at any point on the spira
between the tangent at that point and the
chord fromthe TS

B = the angle at the SC between the chord
from the TS and the tangent at the SC

¢ = the chord from any point on the spiral to
the TS

C =the chord from the TS to the SC

d = the degree of curve at any point on the
spira
D = the degree of curve of the circular arc

f = the angle between any chord of the spiral
(calculated when necessary) and the tangent
through the TS

| = the angle of the deflection between initia

and final tangents; the total central angle of
the circular curve and spirals

k = theincrease in degree of curve per station
on the spiral
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L = the length of the spiral in feet from the TS
to any given point on the spiral

L.= the length of the spiral in feet fromthe TS
to the SC, measured in 10 equal chords

0 = the ordinate of the offsetted PC; the
distance between the tangent and a parallel
tangent to the offsetted curve

r = theradius of the osculating circle at any
given point of the spira

R = the radius of the central circular curve

s = the length of the spiral in stations from the
TS to any given point

S = the length of the spiral in stations from
the TSto the SC

u = the distance on the tangent from the TS to
the intersection with a tangent through any
given point on the spira

U = the distance on the tangent from the TS to
the intersection with a tangent through the
SC; the longer spira tangent

v = the distance on the tangent through any
given point from that point to the intersection
with the tangent through the TS

V = the distance on the tangent through the
SC from the SC to the intersection with the
tangent through the TS; the shorter spiral
tangent

X = the tangent distance from the TS to any
point on the spiral

X = the tangent distance from the TS to the
SC

y = the tangent offset of any point on the
spiral
Y = the tangent offset of the SC

Z = the tangent distance from the TS to the
offsetted PC (Z = X/2, approximately)



6 = the central angle of the spiral from the TS
to any given point

A =the central an

infinity

r=

OFFSET
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T.= the tangent distance of the spiraled
curve; distance from TSto PI, the point of
intersection of tangents

E.= the external distance of the offsetted
curve

f

TO PI

A

A

Figure 3-16. Enlargement of spiral of figure 3-16

iral Formulas
The following formulas are for the exact
determination of the functions of the 10-
chord spiral when the central angle , A, does
not exceed 45 degrees. These are suitable for
the compilation of tables and for accurate
fieldwork.

(1) g =k =KL
100
@ p-ys=Kk
100

@p=ke- 4. M7 db

2 2 20,000 200
(ks> DS kI, _ DL

2 2 20,000 200
B) A =(A/3) - 0.00297 A3 seconds

6)B=A-A
(7)C=L, (Cos 0.3 A +0.004 Exsec % A)

(Mocan A =1 Mo 14 (A
{LXSec A =1 1an 724
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B8)X=CCos A

9Y=CSinA

(10) {y - C(Sin B)
Sin A

(1) y - C(Sin A)
Sin A

(12)g-_50ft
Sin % D

(chord definition)

(13)Z=X-(RSin A)
(14)o=Y - (R Vers A)
(Vers A=1-Cos A)
(15T =(R+o)Tan(2 1)+ Z
(16) Es=(R + o) Exsec (2 I) + 0
(Exsec (2I) = Tan (2 I) (Tan (*4 I))

Empirical Formulas _
For usein the field, the following formulas

are sufficiently accurate for practical
purposes when adoes not exceed 15 degrees.

a=14/3 (degrees)
A= as3(degrees)

a= 10 ks’ (minutes)
S=10kS' (minutes)

Spiral Lengths _

Different factors must be taken into account
when calculating spiral lengths for highway
and railroad layout.

Highways. Spiras applied to highway
layout must be long enough to permit the
effects of centrifugal force to be adequately
compensated for by proper superelevation.
The minimum transition spiral length for
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any degree of curvature and design speed is
obtained from the the relationship L .=
1.6V°/R, in which L.is the minimum spiral
length in feet, V isthe design speed in miles
per hour, and R is the radius of curvature of
the simple curve. This equation is not
mathematically exact but an approximation
based on years of observation and road tests.

Table 3-1 is compiled from the above equation
0

r multiples of 50 feet. When spirals are
inserted between the arcs of a compound
curve, use L .= 1.6V/R. R represents the
radius of a curve of a degree equal to the
difference in degrees of curvature of the
circular arcs.

Railroads Spirals applied to railroad layout
must be long enough to permit an increase in
superelevation not exceeding 1 ¥4 inches per
second for the maximum speed of train
operation. The minimum length is determined
from the equation L.= 1.17 EV. E isthefull
theoretical superelevation of the curve in
inches, V is the speed in miles per hour, and
L.isthe spiral length in feet.

This length of spiral provides the best riding
conditions by maintaining the desired
relationship between the amount of
superelevation and the degree of curvature.
The degree of curvature increases uniformly
throughout the length of the spiral. The same
equation is used to compute the length of a
spiral between the arcs of a compound curve.
In such a case, E is the difference between the
superelevations of the two circular arcs.

SPIRAL CALCULATIONS

Spiral elements are readily computed from
the formulas given on|pages 3-25 and[3-24. To
use these formulas, Certain data must be
known. These data are normally obtained
from location plans or by field measurements.

The following computations are for a spiral
when D, V, Pl station, and | are known.

D=4°
| = 24°10
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Recommended superelevation and minimum transition lengths
30 mph| 40 mph| 50 mph| 60 mph| 70 mph
D
6Ls 6Ls 6Ls 6Ls oLs

1-00 0 0oy O 0 0 0 o] 4] 0 0
1-30 |.01 150]|.02 150|.02 150|.04 150|.056 150
2-00 |.01 150/.02 150|.03 150]|.05 150|.06 200
2.30 |.21 150{.03 150|.04 150|.06 150}.08 250
3-00 |.02 150|.03 150|.05 150|.07 200|.09 300
3-30 |.02 150|.04 150|.06 150|.08 200|.10 350

4 |.02 150|.04 150|.06 150|.09 250|.10 400

5 |.03 150|.05 150|.08 150|.10 300

6 |.03 150|.06 150|.10 200|.10 350

7 |.04 150(.07 150|.10 250

8 |.05 150].08 150|.10 300

9 |.05 150{.09 150|.10 300

10 |.06 150}.10 200

11 |].06 150|.10 200

12 .07 150|.10 200

13 |.07 150[.10 250

14 |.08 150}.10 250

15 .09 150

16 |.09 150

17 |.10 150

18 |.10 150

19 {.10 150

20 |1.10 150

21 |.10 150

22 |.10 150

23 [.10 150

24 {.10 200

25 |[.10 200

T 2 i s WAL BwlaY
Pl station = 44+ol./yU

V =60 mph

Determining L.

(1) Assuming that thisis a high
use either the equation o
table 3-1.

or

(2) From table 3-1, whenD =4° and V = 60

Determining A

(1)

mph, the value for Lsis 250 feet.

A

_DL,

200

(2) 5 = 4(250) _ 59
200

Determining o
(1)o=Y-(R Vers 4)

(2) Fron{page 329

R=_ 50 ft
Sin % D°

R=-_50ft
0348994

R =1,432.69 ft

329
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Using A = 5°, we find (see table A-9),
Y =0.029073 x L,

Y =0.029073 x 250

Y =727t
(3)o=Y-(R Vers A)
(Vers A=1-Cos A)
o0="7.27-(1,432.69 x 0.00381)
0=1.81ft

Determining Z
(Z=X-(RSinA)
(2) From(table A-9 we see that

X =.999243x L,
X =.999243 x 250

X =249.81 ft
R=1,432.69 ft

Sin5° = 0.08716
(3) Z = 249.81- (1,432.69X 0.08716)

Z=124.941t
Determining T,

() T=(R+0) Tan(% 1) + Z

(2) From the previous steps, R = 1,432.69 feet,
0=1.81feet, and Z = 124.94 feet.

(3) Tan 1.Tan 24° 10'_Tan 12°05'=0.21408
2 2

(4) T.= (1,432.69 + 1.81) (0.21408) + 124.94
T.= 432,04 ft

Determining Length of
the Circular Arc (L))

g, =1-23 x100
D

3-30

(2) | = 24° 10'= 24.16667°
A=5’

D=4°

(3) L, = 24.16667- 10 x 100 = 354.17 ft
4

Determining Chord Length
(1) Chord length =s
10

(2) Chord length=250 ft
10

Determining Station Values
With the data above, the curve points are
calculated asfollows:

Station Pl =42 +61.70
Station TS =-4+32.04 =T,
Station TS = 38+ 29.66
£2+50.00 =L,
Station SC =40 + 79.66
1345417 =L,
Station CS = 44+ 33.83
2+500) =L,
Station ST = 46+ 83,83

Determining Deflection Angles
One of the principal characteristics of the
spiral isthat the deflection an%Iesvary asthe

square of the distance aong the curve.
a. L
AT LS

From this equation, the following rela-
tionships are obtained:

aizf(,llo))izA, a=4a, a= 9a=16a,...a~

81a,, and a,= 100a,= A. The deflection
angles to the various points on the spiral
fromthe TSor ST areq, a, a. .. a,and a,.
Using these relationships, the deflection
angles for the spirals and the circular arc are



omputed for the example spiral curve.

Page 3-27|states that

D kL
100 .

Hence,

L 250

8

x = D(100) - DA00) - | ¢

Page 3-28 states that a = ks2.

Station

38 + 29.66 (TS) a,
+ 54.66 a

+ 79.66 a,
39 + 04.66 a,
+ 29.66 a,
39 + 54.66 a
~+79.66 a
40 + 04.66 a,
+ 29.66 ay

+ 54.66 a,

40 + 79.66 (SC) a,
41 + 00.00 d,
42 d,
43 d,
44 d,
+ 33.83 (CS) d,

+ 33.83 (CS) a,

+ 58.83 a,

+ 83.83 a,

45 + 08.83 a,
+ 33.83 a,

+ 58.83 a

+ 83.83 a,

46 + 08.83 a,
+ 33.83 a,

+ 58.83 a,

+ 83.83 (ST) a,

KT | I I | I

= 1004,

=d +D/2
+D/2
d, +D/2
+ 0.3¢,D

nounonounu
o

4
(o]
-2A

= A=A4/3
=0.3¢,D = 0.3 (20.34)(4)

24.4'+ 0.3 (33.83)(4)

[T A I T I T 1|

L 1 T O S R | B | 1

LI T | I 1 I A 1 | B

0° 00
0° 01’
e 04’
0°09
0° 16’
0° 25
0° 36’
0° 49’
1° 04
1¢ 21’
1° 40’
0°24.4'
2°24.4'
4°24.4'
6°24.4'

7° 05’

1° 40’

1° 21’
1° 04
0° 49
0° 36
0° 25/
0° 16’
0° 09
0° 04
0° 01"
0° 00’

FM 5-233
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SPIRAL CURVE LAYOUT Setting TS and ST

The following is the procedure to lay out a With the instrument at the PI, the in-
spiral curve, using a one-minute instrument strumentman sights along the back tangent
with a horizontal circle that reads to the and keeps the head tapeman on line while the
right. Figure 3-17 illustrates this procedure. tangent distance (T) is measured. A stakeis

CHORD LENGTHS = 259 - 25 #t /
10

BOTH SPIRALS = 250 ft LENGTH

FORWARD

TANGENT

|<-——>+_z:124.94
- . _|
I

s” 43£L.U4 _’1

|
L

Figure 3-17. Staking a spiraled circular curve
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set on line and marked to show the TS and its
station value.

The instrumentman now sights along the
forward tangent to measure and set the ST.

Laying Out First Spiral from TS
to SC

Set up the instrument at the TS, pointing on
the P, with 0°00" on the horizontal circle.

(1) Check the angle to the ST, if possible. The
angﬂe should equal one half of thel angle
if the TSand ST are located properly.

(2) The first deflection (a,/0°01") is
subtracted from 360 degrees, and the
remainder is set on the horizontal circle.
Measure the standard spiral chord length
(25 feet) from the TS, and set the first
spira station (38 + 54.66) on line.

(3) The remaining spiral stations are set by
subtracting their deflection angles from
360 degrees and measuring 25 feet from
the previoudly set station.

Laying Out Circular Arc from SC
to CS

Set up the instrument at the SC with avaue
of A minusA (5° 00'- 1°40° = 3° 20') on the
horizontal circle. Sight the TS with the
instrument telescope in the reverse position.

(1) Plunge the telescope. Rotate the telescope
until 0°00" is read on the horizontal circle.
The instrument is now sighted along the
tangent to the circular arc at the SC.

(2) The first deflection (d /0° 24’) is
subtracted from 360 degrees, and the
remainder is set on the horizontal circle.
The first subchord (c,/ 20.34 feet) is
measured from the SC, and a stake is set
on line and marked for station 41+00.
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(3) The remaining circular arc stations are
set by subtracting their deflection angles
from 360 degrees and measuring the
corresponding chord distance from the
previoudy set station.

Laying Out Second Spiral from
ST to CS

Set up the instrument at the ST, pointing on
the PI, with 0°00" on the horizonta circle.

(1) Check the angle to the CS. The angle
should equal 1° 40 if the CSis located

properly.

(2) Set the spira stations using their
deflection angles in reverse order and the
standard spiral chord length (25 feet).

Correct any error encountered by adjusting
the circular arc chords from the SC to the CS.

I nter mediate Setup

When the instrument must be moved to an
intermediate point on the spiral, the deflection
angles computed from the TS cannot be used
for the remainder of the spiral. In this respect,
a spiral differs from a circular curve.

Calculating Deflection Angles Following
are the procedures for calculating the
deflection angles and staking the spiral.

Example: D = 4° _
Ls= 250 ft (for highways)
V =60 mph
| =24°10" _ .
Point 5 = intermediate point

(1) Calculate the deflection angles for the
first flveOpO| nts These anglesare: 4= 0°
Oléézasz;o 04, a,=0"09', 3,=0° 16', and a,

(2) The deflection angles for points 6, 7,8,9,
and 10, with the instrument at point 5, are
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calculated with the use of table 3-2. Table
3-2 is read as follows: with the instrument
a anK point, coefficients are obtained
which, when multiplied by a, give the
deflection angles to the other points of the
spiral. Therefore, with the instrument at
point 5, the coefficients for points 6,7,8,9,
and 10 are 16, 34, 54, 76, and 100,
respectively.

Multiply these coefficients by a,to obtain
the deflection angles. These angles are a6
= 16a=0° 16', a = 34a,=0034', a,= 544 =
({54%4 a=76a=1°16", and a,= 100a,=

(3) Table 3-2 is also used to orient the
instrument over point 5 with a backsight

on the TS. The angular value from point 5
to point zero (TS) equals the coefficient
from table 3-2 times a. Thisangle equals
50a=0°50'.

Staking. Stake the first five ioi nts according

to the procedure shown on page 3-33. Check

point 5 by repetition to insure accuracy.

Set up the instrument over point 5. Set the
horizontal circle at the angular value
determined above. With the telescope in-
verted, sight on the TS (point zero).

Plunge the telescope, and stake the remainder
of the curve (points 6, 7, 8, 9, and 10) by
subtracting the deflection angles from 360
degrees.

Table 3-2. Coefficients of a, for deflection angles to chord points

Transit at chord-point number

Deflection
angle to chord-
point number 0 10

TS 1 2 3 5 6 7 8 9 | sC
OTS. .. 0 2 8| 18] 32| 50| 72 | 98 [128 [162|200
b [ 1 0 56| 14| 27| 44| 65 | 90 |119 [152]189
2 4 4 0 8| 20| 36 | 56 | 80 |108 140176
3. 9] 10 7 0| 11| 26 | 45 |68 | 95 126|161
q |1 16] 18| 16| 10 0| 14| 32 |54 | 80 110|144
5 .. | 26| 28| 27| 22| 13 0|17 |38 |63 |92]125
6 . 36| 40| 40| 36| 28| 16 0 (20|44 | 72 |104
2 49| 54| 55| 52| 45| 34 | 19 0|23 |50 81
B o, 64| 70| 72| 70| 64| 54 | 40 | 22 0O |26 56
9 e, 81| 88| 91| 90] 86| 76 | 63 |46 | 25 0] 29
108C ... 100|108|112|112|108|100 | 88 |72 |52 |28| O
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Field Notes for %oirals. Figure 3-18 shows
atypical page of datarecorded for the layout
KouvTE 378

SPIRR L LOCAT/ON SURVEY
Flom 3TA I8+00 — F0+79.66

DESIGNATION oate TAAM T 1984
FL
S7A AL/ .

38.100

ﬁ;“ s oo’
38158k 0%1 "
381720 %os’
3140904 0%09’
37¢29. %se
31454.6 0°25°
INTLLL 0:3,°
Sfor 014t 0°49’
2r29.64 /° of’
o+51.L6 2/’
Qo1 ML, SC /%40’

of aspiral. The data were obtaiped from the

calculations shown on|page 3-31.
KX G 0. WiLSoN
(J GREEW

fLg/ ST T-1e #5672

PEMpLS

NDr L 118 U 24w
L& ] ML X ol
Z 24°\/0"

Ls 1_&00

D 4 4
Ts 2+ 432.04

Figure 3-18. Sample of spiial field notes

Section V. VERTICAL CURVES

FUNCTION AND TYPES

When two grade lines intersect, thereis a
vertical change of direction. To insure safe
and comfortable travel, the surveyor rounds
off the intersection by inserting a vertical

parabolic curve. The parabolic curve provides
agradual direction change from one grade to
the next.

A vertical curve connecting a descending
grade with an ascending grade, or with one
descending less sharply, is called aﬁ or
invert curve. An ascending grade followed by
a descending grade, or one ascending less
sharply, isjoined by a summit or overt curve,

COMPUTATIONS

In order to achieve a smooth change of
direction when laying out vertical curves, the
grade must be brought up through a series of
elevations. The surveyor normally determines
elevation for vertica curves for the beginning
point of vertical curvature or PVC), the end
point of vertical tangency or PVT), and all
ull stations. At times, the surveyor may
desire additional points, but this will depend
on construction requirements.

Length of Curve

The elevations are vertical offsets to the
tangent (straightline design grade)
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elevations. Grades G,and G, are given as
percentages of rise for 100 feet of horizontal
distance. The surveyor identifies grades as
plus or minus, depending on whether they

are ascending or descending in the direction
of the survey. The length of the vertical curve
(L) is the horizontal distance (in 100-foot
stations) from PVC to PVT. Usually, the
curve extends %2 L stations on each side of the
point of vertical intersection (PVIR andis
most conveniently divided into full station
increments.

A sag curve isillustrated inffigure 3-20 The
surveyor can derive the curve data as follows
(with BV and CV being the grade linesto be
connected).

Determine values of G,and G,, the original
?rad&s. To arrive at the minimum curve
ength (L) in stations, divide the algebraic
difference of G, and G,(AG) by therate of
change (), V\_/hlch isnormally included in the
design criteria. When the rate of change(r) is
not given, use the following formulas to
compute L:

(Summit Curve)

(G-G,) orL=38.10m &G‘_)
4 4

L=125ft

(Sag Curve)
. G,-G,)

GZ-GI) T =20 A8 m ( 2 -1
v p ) VIV RIL
4 4

T —1{\!’\4‘4—(
1:— 11UV 1u

If L does not come out to a whole number of
stations from this formula, it is usually
extended to the nearest whole number. Note
that this reduces the rate of change. Thus, L =
4.8 stations would be extended to 5 stations,
and the value of r computed fromr = AG/L.
These formulas are for road design only. The
surveyor must use different formulas for
railroad and airfield design.

Station Interval

Once the length of curve is determined, the
surveyor selects an appropriate station
interval (S1). Thefirst factor to be considered
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is the terrain. The rougher the terrain, the
smaller the station interval. The second
consideration is to select an interval which
will place a station at the center of the curve
with the same number of stations on both
sides of the curve. For example, a 300-foot
curve could not be staked at 100-foot intervals
but could be staked at 10-, 25-, 30-, 50-, or
75-foot intervals. The surveyor often usesthe
same intervals as those recommended for
Porizontal curves, that is 10, 25, 50, and 100
eet.

Since the PVI is the only fixed station, the
next step is to compute the station value of
the PVC, PVT, and all stations on the curve.

PVC=PVI-L/2
PVT =PVI + L/2

Other stations are determined by starting at
the PV, adding the SI, and continuing until
the PVT isreached.

Tangent Elevations

Compute tangent elevations PVC, PVT, and
al stations along the curve. Since the PVI is
the fixed point on the tangents, the surveyor
computes the station elevations as follows:

Elev PVC=Elev PVl + (-1x L/2X G)
Elev PVT = Elev PVI + (L/2Xx G))

The surveyor may find the elevation of the
stations along the back tangent as follows:

Elev of sta= Elev of PVC + (distance from the
PVC x G).

The elevation of the stations along the
forward tangent is found as follows:

Elev of sta= Elev of PVI + (distance from the
PVI x G)

Verticalk Maximum

The parabola bisects a line joining the PVI
and the midpoint of the chord draywn between
the PVC and PVT. In|figure 3-19, line VE =




87 + 00
88+ 00
89 + 00

PVC

ELEVATION PVI = 50.000 ft

L
2

90 + 00

91+ 00
92 + 00
93+ 00

L
2

Figure 3-19. Grade lines connected by a vertical curve

DE and is referred to as the vertical maximum
\Vm). The value of Vm is computed as follows:
L=length in 100-foot stations. In a 600-foot
curve, L =6.)

Vm=L/8(G,-G) or

Vi = Y ((Elev PVC + Elev PVT) -Elev PVI)
2
In practice, the surveyor should compute the
value of Vm using both formulas, since
working both provides a check on the Vm, the
elevation of the PVC, and the elevation of the
PVT.

Vertical Offset. The value of the vertical

offset is the distance between the tangent line
and the road grade. This value varies as the
square of the distance from the PVC or PVT

and is computed using the formula

Vertical Offset = (Distance)’x Vm

A parabolic curve presents a mirror image.
This means that the second half of the curve
isidentical to thefirst haf, and the offsets
are the same for both sides of the curve.

Station Elevation. Next, the surveyor

computes the elevation of the road grade at
each of the stations along the curve. The
elevation of the curve at any station is equal

to the tangent elevation at that station plus
or minus the vertical offset for that station,

The sign of the offset depends upon the sign

of Vm (plus for a sag curve and minus for a
summit curve).

First and Second Differences. As afinal
step, the surveyor determines the vaues of
the first and second differences. The first
differences are the differences in elevation
between successive stations along the curve,
namely, the elevation of the second station
minus the elevation of the first station, the
elevation of the third station minus the
elevation of the second, and so on. The second
differences are the differences between the
differences in elevation (the first differences),
and they are computed in the same sequence
as the first differences.

The surveyor must take great care to observe
and record the agebraic sign of both the first
and second differences. The second dif-
ferences provide a check on the rate of change
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per station alon_? the curve and acheck onthe  The vertical offsets for each station are

computations. The second differences should computed as in figure 3-20. The first and

all be equal. However, they may vary by one ifferences are determined as a check.

or two in the last decimal place due to Figure 3-21 illustrates the solution of a

rounding off in the computations. When this summit curve with offsets for 50-foot in-

happens, they should form a pattern. If they tervals.

vary too much and/or do not form a pattern,

the surveyor has made an error in the  High and Low Points

computation. The surveyor uses the high or low point of a
vertical curve to determine the direction and

Example: A vﬁiﬁa connects grade amount of runoff, in the case of summit

lines G,and G, (figure 3-19). The maximum curves, and to locate the low point for
alowable slope (1) 1S 2.5 percent. Grades G, drainage.

and G, are found to be -10 and +5. When the tangent grades are equal, the high
or low point will be a the center of the curve.

L=4G- 15 - g stations When the tangent grades are both plus, the
r 25 I(r)]w oint is aththe bPV% and the h|grég0| nt at
_AGxL_ (15)6) - the PVT. When both tangent grades are
Vo == iR minus, the high point is at the PVC and the
low point at the PVT. When unequal plus and
F VERTICAL CURVE
DATA COMPUTATIONS
STATION TAN. ELEV. COMPUTATION OFFSET | CURVE ELEV. 1st DIFF. 2d DIFF
| %1 =10 % F1+00 | _BO. + | 8o.00—
2pto0 | 7000\ (YB)Zx 129 175 125251 750
G . . Y s o AA 79/.\2_ . D et == ma 222 AN 40-26 a N
2 +D%0 H+Q0 (OO0 (73] X [/ 200 200 5,5 L5220
arcw | 50.00| (35 < 11241l L2512 250
st (0Ot Al+o0 | 5500 (34)5% 1279 500 (0. L ga 250
aztco | fom| (VBP x yz 129 (2570250 250
L ({(00%4) Az | /00 4500
| 4 11.75
PVC. 87+ 00 .
PV D+o0
| (elev=5000)
eyl W00
_ -
FORMULAE
87+ 00 SKETCH
LV,”:,E/S{M -G1) P.VC.
vm = %F&EVP—_C_;_—’ELEVPTA ~FLEV PI] Q2400
OFFSET = (DIST)2 x Vm BV.I. = qp+00 ELEV. =0.00"

Figure 3-20. Typical solution of a sag curve
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minus tangent grades are encountered, the
high or low point will fall on the side of the
curve that has the flatter gradient.

Horizontal Distance. The surveyor

Example: From the curve in figure 3-21, G = +
3.2%, G,=- 1.6% L =4 (400). Since G,isthe
flatter gradient, the high point will fall
between the PVI and the PVT.

determines the distance (x, expressed in x=G_L_  -.16_4  -13333sta
st_atlons? between the PVC or PVT and the G -G 1.6 -(+3.2)
high or low point by the following formula: 2
=133.33 feet
x=G L
G, -G) PVT - x = sta of high point
_ _ _ (16+00) - 133.33 = 14+66.67
G istheflatter of the two gradientsand L is
the number of curve stations. y=G-G) (4o .Gx
. : 2L
Vertical Distance. The surveyor computes
the difference in elevation ﬁy between the
PVC or PVT and the high or low point by the
formula G -G)
y=—2_T1 (x2)+Gx Elev PT + y = elev high point
2L 128.00 + 1.07 = 129.07
VERTICAL CURVE
DATA COMPUTATIONS
STATION TAN. ELEV. COMPUTATION QOFFSET | CURVE ELEV st DIFF. 2d DIFF
61 +32% (2200 124.80 = — 24800
+50 129.60 (32X \Vm -/.350)/.28.250 :409'55:;’ ~0.300
Si 507 /4100 13/.20 (%)Y X Vm -2.9001(28.800 _('3" o Q300
< £50 3040 (%Y x Vm /350 [29.050 2222 5 300
— L 400’ L5+ Q0 122.60  4)° F0400|/29. 000 P22 5 300
50 2880 () x ym L0.150/128.650 [P 3550 -0. 300
vm | -2.400 16100 8.00 - - l28.000 119639
PVC 12+ 00
Pyl 14400 ELEV. /13[.20
v | /4400
=
FORMULAE
SKETCH
vm = L/8(G2 - G1) PV.I. 14100 ELEV. /3/.20
e — _PV.T
Vm = v,[i——————m PC ; ELEV PT »EL(V.P.q P-v'f - tb-r\::o
OFFSET = (DISTH? x ¥m /
l Vrra€

Figure 3-21. Typical solution of a summit curve
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CHAPTER 4
EARTHWORK

Section I. PLANNING OF EARTHWORK OPERATIONS

IMPORTANCE

In road, railroad, and airfield construction,
the movement of large volumes of earth
(earthwork) is one of the most important
construction operations. It requires agreat
amount of engineering effort.

The planning, scheduling, and supervising
of earthwork operations are of major
importance in obtaining an efficiently
operated construction Projec_t. Toplan a
schedule, the quantities of clearing, grubbing,
and stripping, as well as the quantities and
ositions of cuts and fills, must be known.
hen, the most efficient type and number of
pieces of earthmoving equipment can be
chosen, the proper number of personnel
assigned, and the appropriate time allotted.

Earthwork computations involve the cal-
culation of volumes or quantities, the

determination of final grades, the balancing
of cuts and fills, and the planning of the most
economical haul of material. The surveyor
uses field notes and established grade to plot
the cross sections at regular stations and at
any plus stations which may have been
established at critical intermediate points.
The line representing the existing ground
surface and those lines representing the
proposed cut or fill enclose cross-section
areas. The surveyor uses these areas and the
measured distances along the centerline to
compute earthwork volumes.

CROSS SECTIONS

The cross section used in earthwork
computationsis a vertical section. It is
perpendicular to the centerline at full and
plus stations and represents the boundaries
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of aproposed or existing cut or fill. Typica
cross sections for aroadbed are illustrated in
figure 4-1.

The determination of cross-section areas is
smplified when the sections are plotted on
cross-section paper. Thisis usually done to
the same vertical and horizontal scale,
standard practice being 1 inch equals 10 feet.

IRREGULAR (SIDE HILL}

-—

N
\
NO CUT OR NO FiLL ON §

—

NO FILL AT LEFT EDGE OF BASE

M
|
IRREGULAR

\
TYPES OF
CROSS SECTIONS

However, if the vertical cut or fill issmall in
comparison with the width, the surveyor may
use an exaggerated vertical scale to gain
additional precision in plotting such sections.

The surveyor must take care, however, when
computing areas of this type of plotted section
that the proper areais obtained. For example,
a1 inch equals 10 foot scale, both vertica and

PLAN

Figure 4-1. Typical cross sections
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horizontal, yields 100 sguare feet, but 1 inch
equals 10 foot horizontal and 1 inch equals 2
foot vertical yields only 20 square feet. An
exaggerated vertical scaleis used in figure
4-2 1o illustrate a five-level section.

The side slopes of a cross section are expressed
by aratio of horizontal distance to vertical
distance. A 1%21 side dope indicates aslope
extending 1 % feet horizontally per foot of
vertical rise or fall. Slopes may be inclined

FM 5-233

more or less sharply than this, such as 3:1,
2:1, or 1:1. The surveyor usualy determines
the slope by the design specifications based
on the stability of the soil in cut or fill.
However, the need for economy in con-
struction operations must often be considered.
For example, cut opes may be flattened
more than is required by soil characteristics
solely to produce enough material for a nearby
fill. This practice is more economical than
operating a borrow pit to obtain this material.

99.:37%
97.8 {243
C 1
. 100 573 98.3 pAer 19.8 FFitg
[ B 9.3 E
w 21.0 Ct 0.0 D
1 A’ - -
z = 12
- GROUND 1l -
w 1% N ~ ~TTT96.3
q 95 2K I < < & J[(COMPUTED)
8 T
2‘ 1T 1 GRADE T
o 93.1 93.1 93.1
s LK J 1 H
= 15.01 0.0 15.0
w | L 1
> g0 6.0 +445.7 9.3 15.0 4.8 H-4.5
1
30 20 10 0 10 20 30

HORIZONTAL SCALE1IN=10FT
AREA=175.0 SQ FT BY COUNTING SQUARES
AREA =170.6 SQ FT BY TRAPEZOIDS AND TRIANGLES

Figure 4-2. Area of irregular cross sections

Section
AREA COMPUTATION

The surveyor can determnecross-section
areas for construction earthwork volumes by
one of the following methods: the counting
squares method, the geometric method
(geometry of trapezoids and triangles), the
stripper method, or the double-meridian-
distance method. The stripper and counting-

1. AREAS

the-squares methods are ssmple and given
approximate results, while the other methods
fg_|ve results as accurate as the cross-section

leld data will permit. Standard practice
requires that cut and fill areas of a cross
section, where both occur simultaneously, be
determined separately.
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Counting-Squares Method

To make a hasty approximation of a cross-
section area plotted on cross-section paper,
count the number of squares enclosed by the
boundary lines of the section. Then multiply
the total number of counted squares by the
number of square feet represented by asingle
square.

For example, the cross section in|figure 4-2
encloses apﬁroximately 350 1/10-inch squares
or 3.5 |-inch sguares. The scales of the cross
section indicate that one 1/I0-inch square
represents 1 foot horizontally and 6 inches
vertically, or one half of a square foot in area.
Therefore, the approximate area of the cross
section is 350 divided by 2 equals 175 square
feet. Using the |-inch square, which rep-
resents 10 feet horizontally and 5 feet
vertically or 50 square feet in area, the cross-
section area is approximately 3.5 x 50 = 175
square feet.

Geometric Method

To compute the area of a cross section by the
geometric method, sometimes called the
trapezoidal method, subdivide the area into
simple geometrical figures, calculate each
area according to its geometry, and total the
results. There Is no set rule for performing the
subdivisions. The computer selects those
subdivisions which will produce the most
direct and accurate results. Figure 4-3a
illustrates the subdivision of atypical three-
level section into five triangles. Figure 4-3b
illustrates the subdivision of a five-level
section into two triangles and two trapezoids.

ThefoII.owinghcor_n Jtation Ely_to the
geometric method in[figure 4-2. Basic for-

mulas are as follows.

A= ﬂ(area of a triangle)
2

(b, + b))

A=h 2. (area of a trapezoid)

A = area; b, b, and b,= the lengths of the
bases; and h = the perpendicular distance, or
hei dght, between parallel bases for atrapezoid
and from base to vertex for a triangle.

square feet

2A of triangle AK =5.7x 4.0 =228
2A of triangle ABJ=5.2(5.7+6.0) ~60.8
2A of trapezoid BClJ=9.3 (5.2+ 4.2) =874
2A of trapezoid CDHI = 15.0 (4.2+ 4.7,= 1335
2A of trapezoid DEGH = 4.8 (4.7+ 1.5)= 29.8
2A of triangle EFG = 1.5 x 45 = 6.8

11

Total (double area of AFHK) =

Area of the cross section = 341.1 <2 = 170.5

Note that the computation is simplified by
adding all the numerical products for
triangles and trapezoids together and then
dividing the total by 2. The dashed line, AJ, is
added to subdivide quadrilateral ABJK into
two triangles, AJK and ABJ.

Stripper Method

To determine the area of a plotted cross
section by strip measurements, subdivide the
area into strips by vertical lines spaced at
regular intervals. Measure the total length of
these lines by cumulatively marking the
length of each line along the edge of a
stripper made of paper or plastic. Then,
multiply the cumulative total of the average
base lengths by the width of the strip. Regular

¢

- ——
——

[« 2

Figure 4-3. Subdividing cross sections
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intervals of 3, 5, or 10 feet, depending upon iven to the horizontal and vertical scales of
the roughness of the ground, give satistactory the cross section. The procedureisillustrated
results for strip widths. Due regard must be infigure 4-4.
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! [ 1}2.5) ] ‘ l -
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Figure 4-4. Cross-section area by stripper method
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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 interva of 5 squares
to the right with zero reading at the bottom. It
is then moved another 5 sguares 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 afinal
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
areain sguare feet of one sguare.

Double-Meridian-

Distance Method

The double-meridian-distance (DMD) method
givesamore 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 aright 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, aslight refinement is made.
The departure is added twice. It isfirst added
when determining the DMD of the course and
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45,

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 a3 DMD
area s given below and illustrated infigure

(1) Compute and record all the latitudes and
departures.

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

(3) The DMD of the first course equals the
departure of the courseitself, 4.0.

(4) 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-

) itself or 4.0 + 4.0 + 30,0 = 38.0. For the
next course (F-1), 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.

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

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

(7) 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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Figure 4-5. Cross-section area by double-meridian-distance method
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AREA BY PLANIMETER

The surveyor uses a polar planimeter to
measure the area of a plotted figure. There
are two types of planimeters. One has afixed
scale, and one has an adjustable scale.
Basically, the surveyor uses both in the same
way, with the exception that the fixed scale
cannot be adjusted to yield a 1:1 ratio when
tracing areas.

Operation _

The planimeter (figure 4-6) touches the paper
at four points. the anchor point (B), the
tracing point (A), the drum (C), and the
support wheel (G). The adjustable tracing
arm (E) is graduated to permit adjustment to
the scele of the plotted figure. This adjustment
provides a direct ratio between the area traced
by the tracing point and the revol utions of
theroller. The scale screws, Fl, F2, and F3,
are used to accomplish the proper adjustment
of the tracing arm scale. Proper scale settings
are provided with each instrument. If the
scale setting provided yields an areathat is
too large, the scale reading must be increased
and vice versa

As the planimeter encircles the area to be
measured, the drum ((3 revolves and records
the answer in tens and hundreds. A vernier
(M) is mounted adjacent to the drum and

enables a single unit (ones) reading. The disk
(D) is attached to the drum by aworm gear,
counting the number of drum revolutions
and giving the thousands reading. The
surveyor must first read the disk for
thousands, then the drum for hundreds and
Eens,)and finally, the vernier for single units
0ones).

/ ANCHOR ARM

AL N\ Ve

\:\M F2

Figure 4-6. Polar planimeter



FM 5-233

Procedures _ _
The following are rules for using a planimeter,

e Always measure cut and fill areas
separately.

» Check the accuracy of the planimeter asa
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.

e 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 asfive large
squares on the cross-section paper, and
verifying the reading on the aisk, drum,
and vernier. If the reading is inconsistent
with the known area, readjust the arm
settings until a satisfactory reading is
obtained.

o 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, keeloi ng 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 avalue proportional to the
area being traced.

o 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 readingsis
more accurate than either one in-
dividualy.

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

separately.

Section |11. EARTH AND ROCK EXCAVATION

CLASSES OF
EXCAVATED MATERIAL

Excavated material isusually classified as
common excavation, |oose 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
materias, 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. L oose-
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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BORROW PITS

When there is an imbalance in the volume of
cuts and fillsin construction projects, it is
often necessary to borrow the required fill
dirt from borrow pits outside the construction
limits but near thefill site. Any time the haul
distance between the last available dirt and
thefill site becomestoo far, it is cheaper to
establish a borrow pit.

Under some circumstances, it is not necessary
to survey borrow pits. However, it is often
necessary to buy the fill dirt. The surveyor
must determine how much earth was removed
from the borrow pit. This can be done by
establishing a grid over the area to be
excavated. The grid can beat any convenient
interval (for example, 10-, 25-, 50-, or 100-foot
squares).

Once the grid is staked, the surveyor can

determine the elevation of each grid corner
by leveling. The volume of earth that has

4-10

been removed can be computed at any time
by reestablishing the grid corners and
determining thelr new elevation. The
surveyor does this by subtracting the average
elevation of the grid corners after excavation
from the average elevation of the same grid
corners before excavation and multiplying
the difference by the number of square feet in
the grid square.

When laying out the grid, the surveyor must
lay out two baselines parallel to two adjacent
sides of the grid for use in reestablishing the
grid. The surveyor should place them far
enough outside the area of excavation to

avoid destructiol ose enough to be
convenient. (Seq figure 4-1.)

The surveyor should treat waste areas or
dumps where excess material is deposited in
the same manner as borrow pits, with the
exception that the volume to be measured is
the volume deposited, not excavated.
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CHAPTER 5
BRIDGE SURVEYING

Section . LOCATION

SURVEYS

Bridge surveying is necessary to locate asite,
obtain information for design, and furnish
lines and grades for construction. A re-
connaissance survey ismade at all possible
sites. A preliminary survey is made at the
best site to establish horizontal and vertical
control and to obtain information for the
bridge design and construction planning. A
location survey is made to lay out the bridge
according to the bridge plans. During the
actual construction, the surveyor establishes
any additional lines and grades required by
the construction foreman.

The accuracy of measurements and the
number and type of survey markers vary
with the degree of precision demanded and
the type of construction. Variations m
range from hand-level and sketchboard wor
for atactical bridge to precise measurements
for a prefabricated steel bridge.

RECONNAISSANCE

Tentative bridge sites are selected by re-
connaissance and the more promising ones
are reconnoitered in detail. The selection of a

bridge site is governed by both tactical and
technical considerations. Tactical require-
ments fix the general areafor the bridge site.
Technical requirements fix the exact location
and may sometimes eliminate sites that are
tactically acceptable. For permanent con-
struction, technical considerations govern
the bridge location.

Access Roads

Maps or prepared overlays show existing
roads and the distances of railheads from the
bridgh site. Descriptive symbols indicate the
width, condition, and types of roads. The
surveyor draws sketches of approach roads
to be constructed on overlays and includes
them in the reconnai ssance report.

Bridge Length

The surveyor determines the length of the
bridge crossing to estimate the materials
required for construction. Depending on the
distance and equi F[])ment available, the
surveyor measures this distance with a tape,
an ?1 egtronic measuring device, or by stadia
method.
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Banks

The surveyor reports on the character and
shape of the riverbanks. This includes the
amount and type of vegetation; the slope,
height, and composition of the banks; and
pertinent dimensions of any natural dikes.
The surveyor selects tentative abutment
positions and measures the size and location
of any usable abutments or piers for possible
use in the proposed construction.

Character of the Flow _

The surveyor determines stream velocity by
timing a floating object over a measured
course. High-water |levels are determined by
noting drift and marks on vegetation or piers,
questioning local inhabitants, and consulting
tide tables and local flood records.

Character of the River Bottom
The surveyor observes the character of the
river bottom for each site and reports in-
formation on the design of intermediate
supports. If a floating bridge is to be
constructed, the surveyor determines the
character of the river bottom so the holding
power of anchors can be estimated.

Profile

The _surve%or rofiles the streambed or gap to
facilitate the design of intermediate supports.
The profile interval is measured by a tape or
cable stretched horizontally across the stream
or gap or by the instrument-stadia method.
Vertical measurements for the profile are
referenced to the horizontal tape, cable, or
water surface. For floating bridges, profiles
gr1e required only for setting trestles near the

ores.

Local Materials N
The surveyor estimates and records quantities
of local materials such as standing timber,
sand and gravel beds, and available cement,
water, and lumber.

SOUNDINGS

A survey is made to determine the relief of the
bottom of the stream aong the centerline and
aong lines on each side of the centerline. The
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surveyor must make soundings and determine
the depth of each sounding in relation to the
datum used for vertical control.

L ocation

The location of each sounding is referenced to
control stations onshore. The design engineer
specifies the distance from the centerline and
intervals between soundings. Unless
otherwise specified, intervals between
soundings are 25 feet for afairly uniform
streambed and 10 feet for an irregular
streambed. For more accurate location of
soundings, the surveyor should use the
intersection method. This would include
setting instruments on the ends of a baseline
on shore and reading simultaneous angles.

Proceq es

shows one method of takin
soundings. The instrument is set up over
and sighted on F. A sounding boat travels on
the range line, CF, from the far shore toward
the near shore. The instrumentman signals
the sounding crew until they are online at the
proper distance as measured by tape or stadia.
The sounding crew proceeds along the
centerline, CF, taking readings at the
specified intervals. In shallow water, direct
rod readings can be taken for profile
elevations by setting the instrument near the
river’s edge. In deeper rivers, the depth of
water is measured directly from the boat,
using the most suitable measuring device.

The surveyor records the data obtained by
the sounding and ground crews in order to
provide a complete set of profile notes for the
construction design. To establish profiles on
each side of the centerline, stakes are set at a

ecified distance from the centerline a B, D,

, and G. Using the same procedure as for the
centerline soundings, the surveyor sets up
the instrument at B, then at D, and sights on
E and G, respectively.

FOUNDATION
INVESTIGATION

Data on foundation investigations serve as
the basis for determining bearing capacities
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and substructure design. Subsurface in- referencing boreholes and test pits to nearby
vestigations are made by borings, test pits, instrument stations and recording €elevations
trenches, and field tests. The surveyor must of strata encountered at the various sites.
often make measurements incident to these These data are used in preparing a profile

investigations. The surveyor’s duties include illustrating subsurface conditions.
|
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Figure 5-1. Taking soundings
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Section I1. BRIDGE SITE LAYOUT

ABUTMENTS

Construction plans show whether the
abutments are pile-bent or crib-bent. The
surveyor checks the layout after excavation
and before any concrete is poured. The
surveyor must also check abutment elevations
and, in the case of concrete, establish lines for
setting forms. Care must be taken to stake
abutments according to the construction
plans. The distance between abutments must

be within steel fabrication limits, especialy
for prefabricated sections. The surveyor then
ties abutment stakes to a horizonta control

system.

The survey procedure for setting an abutment
at right angles to the bridge centerline is
illustrated in figure 5-2. The foundation,
ABCD, is shown in the plan. AB is the face,

RIVER
—/-\/\/_——_-
AN_\
T — T S T

NEAR SHORE

100 FT

[ ) ad

00——

40FT

40 +97.5

—

J[Jao+s0

K[£]40+00

¢ oF

BRIDGE

Figure 5-2. Staking an abutment
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and points J and K are established near the
site on the centerline of the bridge. The
staking is done as follows:

(1) Set the instrument at point H (station
40+97.5). Sight on point J. Invert the
instrument and use a tape to locate point
F.

(2) Turn 90-degree angles and use a tape to
locate points C and D.

(3) Move the instrument to dpoi nt F (station
41+37.5), sight on H, and turn 90-degree
angles to locate points A and B. Locate
points E and G in line with points A and
B, respectively, and use as horizontal
control points.

WING WALLS

The procedure for laying out wing walls is
merely an extension of the layout of an
abutment. The surveyor sets the instrument
at B (figure 5-3), sightson G, and turns the
wing angle. Points L and M are located at
any convenient distance along thisline.

The surveyor sets the instrument at A and
locates points N and O. Since points A and B
may be lost or damaged during construction,
the surveyor locates two points %L and M; N
and O) on the line of sight of the front of each
wing wall. To relocate point A, the instrument
IS set at point O and sighted through point N.
The surveyor may also locate point A by
setting the instrument up on N, sighting on
O, and inverting.

St e g e, [ . -aLM-‘- —
| ———
I NEAR SHORE
E A Fl 5 G
— — — {el — e — —_— —_— e —
—— - {s} —{J
WING ANGLE ABUTMENT WING ANGLE
W W,
> Ve
o I b,
N_ <\ E U /N L
<y sl@ O,
o -V \vd E ~N NN "M
k RO
”~

Figure 6-3. Staking wing walls
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PIERS

After the centerline of the bridge is es-
tablished, the surveyor locates the piers by
taping. If taping is impractical, they can be
located by triangulation. The surveyor sets
stakes establishing the centerline (C and E)

on each side of theriver. The surveyor lays
out CD and EF approximately at right angles
to the centerline as shown in figure 5-4. For
well-proportioned triangles, the length of the
baselines should equal at least one-half CE.

¢ OF
BRIDGE

TARGET DB

—I—E -~

e BASELINE

c TARGET FA

Figure 5-4. Locating piers
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To locate piers at A and B, the surveyor
should follow these steps.

(1)Establish and carefully reference
baselines CD and EF.

(2)Measure the length of each baseline
commensurate with the required precision
of line CE.

(3) Measure al angles of the triangles CDE
and EFC.

(4) Compute the distance CE from the tri-

angle CDE and check it against the same The difference

distance computed from the triangle EFC. in computed length

The difference in computed length must must be within

be within the prescribed limits of error. the prescribed limits of error.

(5) Compute angles BDC, ADC, BFE, and
AFE. (Since A and B are located by the
construction plans, it is possible to
determine their distance from C and E.)

(6) Draw a triangulation diagram, showin
computed angles and distances an
measured angles and distances.

(7) Turn computed angles BDC, ADC, BFE,
and AFE.

(8)Set targets DA and DB on the far shore
and FB and FA on the near shore, so that
the intersecting lines can be reestablished
without turning angles. Carefully
reference these points.

(9) Use two instruments to position crib piers.
They will occupy two points such as F and
D smultaneoudly. The intersection of
sights FA and DA locates the pier A.

PILES

The surveyor positions piles, records pile-
driving data, and marks piles for cutoff as
specified by the construction plans.
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shows points A and B established

asareference line 10 feet from the centerline
of the bridge. A wire rope is stretched between
these points with a piece of tape or a cable clip
marking each pile-bent position, such as C
and D. The surveyor can locate the upstream

ile, pile number 1, by measuring the offset (4

eet) from the line AB at C. A template,
designed to space the piles properly (3 feet in
the figure) and nailed to pile number 1 after
the pile is driven, is then floated into position.
The surveyor positions the rest of the piles
using the template.

If itisimpractical to stretch a cable to the far
shore, the surveyor sets up an instrument at
some convenient distance from the centerline
of the bridge and positions the template by
sighting on a mark located the same distance
from the centerline of the template. The
surveyor determines the distance of the
template from the shore, either by angle
measuring or taping. During driving, the

surveyor must keep a complete record of the
following:

« Location and number of piles.
 Dimensions.
« Kind of wood.
o Total penetration.
« Average drop of hammer.
« Average penetration under last five blows.
« Penetration under last blow.
« Amount of cutoff.
Elevations are marked on the two end piles.
Two 3- by 12-inch planks are nailed to guide

the saw in cutting piles to the specified
height.
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CHAPTER 6
SITE LAYOUT

Section |. BUILDING LAYOUT

OBJECTIVES

The objectives of surveying for building
construction are to lay out the proposed
structure according to prepared plans and to
mark the controlling points of the structure
in the manner that is most useful to the
construction forces. This marking consists of
indicating the corners of the building and
other horizontal and vertical positions by
means of stakes, batter boards with string
lines, drill holes, cut-and-fill notations, and
similar conventional methods.

The actual layout of the building is usually
preceded by some form of reconnaissance
and location survey. The following procedures
aretypical of major building projects:

* Performing reconnaissance (aerial, map,
and groung).

*Selecting site (paper and instrument).

*Establishing control (horizontal and
vertical).

*Taking topograph lane table or
transitg stao‘ﬁa();.ap y (P

ORIENTATION

The building and its foundation are po-
sitioned according to the controlling di-
mensions and references appearing on
prepared plans. The dimensions and ref-
erences include the overall length and width
of the structure, distances to road centerlines
and to other structures, measurements within
the structure itself, and miscellaneous
determinations concerning the approaches
and rights-of-way.
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LAYOUT OF A
SIMPLE BUILDING

The plans for construction of a building give

the location and elevation of the work relaive

to existing utilities and survey control marks.

The dimensions of the building are part of the

necessary data for establishing line and
rade. Figure 6-1 illustrates atypical building
ayout using the following steps.

(1) Establish baseline AB and locate CD by
measurement.

(3) Locate points H and G from point D in the
same way.

(4) Check diagonals (EH and FG) by the
formulac = Va2 + bz« (Wherecisthe

diagonal and a and b, the two sides).
(5) Install batter boards.

(6) Establish line and grade.

i MONUMENT—{] 8
(2)At point C, turn 90 degrees from B and
locate corner stakes E and F by
measurement.
| ]
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Figure 6-1. Building layout

BATTER BOARDS

The surveyor locates the corners of the
building and determines the elevation of its
foundation by carrying forward elevations
from a benchmark, or other point of known
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elevation, to the foundation. To mark the
general location, the surveyor sets stakes or
dats. These will guide the initial excavation
and rough grading. However, the stakes will



be disturbed or destroyed during this work,
and somemore suitable marks must be placed
to continue the construction. These suitable
marks are called batter boards. The surveyor
uses these temporary devices to mark the
outline and grade of the structure and any
special construction inside or outside.

Placement

Batter boards of two 2- by 4-inch
stakes driven into the ground and a crosspiece
of 1- by 6-inch lumber naled to each stake.
The surveyor drives the stakes about 3 to 4
feet a\N%}{ rom the bundlng line so they will
not be distur the construction, but will
be far enou ar to dtraddle the line to be
marked. Noe that in figure 6-2 only three
stakes, one of them being a common post for
two directions, are driven on outside corners.
The length of the stakes is determined by the
required gradeline. They must be long eriough
to accept the 1- by 6-inch crosspiece to_mark
the grade. The surveyor cuts the 1- by 6-inch
crossplece long enou%h to afJom both stakes
and na|S|tf|rmyto ter the grade has
ben established.” The top of the crosspiece
becomes the mark fromwh|ch the grade will
be measured.
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Use of Instrument. The surveyor sets all
batter boards for one structure to the same
grade or level line. An instrument is used to
locate the building lines and mark them on
the top edge of the crosspiece. A nail is driven
at each of these marked points. A cord
stretched over the top edge of two batter
boards and held against the nails defines the
building line and grade elevation.

Use of Cord. Sometimes, an instrument is
not available for marking the building line
on the batter boards. If the corner stakes
have not been disturbed, the surveyor can
transfer the building line to the batter boards
by stretching a cord over the batter boards
and using plumb bobs held over the corner
stakes. The surv or moves the cord on each
batter board unti g] ust touches both plumb
bob strings, marks the position of the cords,

and drivesin the nails.

Procedures
The surveyor sets and marks the batter boards
asfollows:.

(1) After the corner stakes are laid out, drive
2- by 4-inch stakes 3 to 4 feet outside of

OUTSIDE OF PLUMB DOWN
BUILDING BUILDING LINES TO LOCATE
\ . . LINES REPRESENTED F%%:’;i’;LON
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Figure 6-2. Batter boards
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each corner. These are selected to bring
all crosspieces to the same elevation.

(2) 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 alevel to mark the same grade or
elevation on all stakes.

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

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

(5) 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 wal
faces, floor levels, and columns or for setting
machinery precisely. The surveyor does this
by traversing and leveling.

L ocation

The surveyor locates instrument stations
outside of the building to establish aline that,
when extended, will Intersect the building at
awindow 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 Levelinég
To transfer vertica control into a building,
the surveyor uses direct leveling, if possible.
For elevation transfer to an upper story, a
stedl tape is suspended with a weight attached
to the lower or zero end. To insure accuracy,
the weight should approximately equa the
normal tension of the fully supported tape
minus one half of the weight of the suspended
Pornon of the tape. A level is set up on the
irst 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 awall.

Section II. UTILITIES LAYOUT

DRAINAGE

Utilities drainage refers to the sewer systems
for surface water and liquid waste. The design
and location of a drainage or storm sewer
system will depend upon the size and
topography of the areato be drained, the
intensity of rainfall expected, the runoff
characteristics of the area, and the location
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of the diSﬁosaI point. The area to be drained
includes the installation and any area around
it that will drain into the installation. The
intensity of the rainfall in inches per hour is
based on records of past storms. The runoff
characteristics are determined by the type of
soil and ground cover.
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DESIGN AND LOCATION

Using the factors mentioned and the best
available topographic map of the area, the
surveyor designs and locates the sewer lines
on paper. Once the paper location is
accomplished, the centerline of the ditch is
staked and profile levels run. The profile and
grade lines are plotted and cut stakes set.

After the trench is dug, batter boards are set
for the alignment of pipes and placement of
manholes or drop inlets. The surveyor usually
places batter boards for sewer alignment at
Intervals of 10 to 25 feet and sets them on
edge across the trench (figure 6-3). Then the
surveyor determines the interval between
batter boards, the station number, and the
glev(?non of the sewer grade at each batter
oard.

The term sewer grade is interchangeable
with such other terms as invert grade, pipe

rade, flow line, and grade line elevation.

hey all mean the same thing, the elevation
of the low point on the inside circumference of
the pipe. All sewer lines are designed with
this elevation as the controlling
factor. The surveyor must set all grade marks

NAIL IN BATTEN ~.
o |

INVERT 7 1
OF PIPE =/ I

WHTRS

TYPICAL CROSS SECTION

Figure 6-3.

BATTER BOARD N\

\
10TO 26 FT

on the batter boards between two successive
manholes at the same distance above the
invert grade.

Battens

The surveyor nails battens (small pieces of
wood) to the batter boards to indicate sewer
alignment. All battens are set vertically on
the same side of the batter boards, with the
same edges directly over the centerline of the
sewer. As work progresses, the surveyor must
check the alignment of these battens
frequently. Thisis done by sighting past the
edges marking the centerline. Any batten
that has been moved or disturbed will be
visible immediately.

Sighting Cords

The surveyor uses a sighting cord stretched
parallel to the centerline of the sewer at a
uniform distance above the invert grade to

transfer line and grade into the trench. After
computing the invert elevation, the surveyor
adds an even number of feet to establish the
elevation of the cord at each batter board.
This position is marked on the centerline
edge of each batten by a nail. The sighting

<— BATTER BOARD
SIGHTING CORD

Sewer alignment
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cord is fastened to the battens at these nails
and this establishes the alignment of the
sewer. The centerline is directly below the
cord, and the sewer invert gradeis at the
selected distance below the cord.

Grade Transfer

To transfer the grade, usually in feet or feet
and inches, from the sighting cord to the pipe,
the surveyor usesarod or stick called agrade
pole, with a mark at a distance from the foot

6-6

piece equal to the distance between the
sighting cord and the invert grade|(figure 6

The foot piece is placed on the invert of the
pipe, and the rod plumb is held. The pipe end
IS then raised or lowered until the mark on the
grade pole is on a horizontal line with the
cord. A plumb lineis held lightly against the
cord and the pipe shifted sideways until its
crown is directly below the point of the plumb
bob. The grade pole is again placed in
position, held plumb, and its mark checked
against the cord.



CHAPTER 7
TRAVERSE

Section |. SELECTION OF TRAVERSE

DEFINITION

A traverseis a series of straight lines called
traverse legs. The surveyor uses them to
connect a series of selected points called
traverse stations (TS). The surveyor makes
distance and angle measurements and uses
them to compute the relative positions of the
traverse stations on some system of co-
ordinates.

STARTING CONTROL

Since the purpose of atraverseisto locate
points relative to each other on a common
grid, the surveyor needs certain e ements of
starting data, such as the coordinates of a
starting point and an azimuth to an azimuth
mark. There are several ways in which the
starting data can be obtained, and the
surveyor should make an effort to use the best
data available to begin a traverse. The
different variations in starting control are
grouped into several genera categories.

Known Control Available

Survey control is available in the form of
existing stations with the station data
published in atrigonometric list, or higher

headquarters may establish the station and
provide the station data. The surveyor obtains
the azimuth to an azimuth mark (starting
direction) by referring to a trigonometric list
or computing from known coordinates.

Maps Available

When survey control is not available in the
area, the surveyor must assume the co-
ordinate of the starting station. The assumed
data approximates the correct coordinate as
closely as possible to facilitate operations.
When a map of the area is available, the
approximate coordinate of the starting
station is scaled from the map. (For survey
purposes, starting data scaled from a map
are considered to be assumed data.) The
surveyor determines the starting direction by
scaling it from the map.

No Maps Available

When neither survey control nor maps are
available, the coordinate of the starting point
Is assumed. The surveyor determines the
startiln Idi rection by the most accurate means
available.

-1
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TYPES OF TRAVERSE

Construction surveying makes use of two
basic types of traverse—open traverse and
closed traverse.

Open Traverse

An open traverse (figure 7-1) originates at a
starting station, proceeds to its destination,
and ends at a station whose relative position
IS not previoudly known. The open traverseis
the least desirable type of traverse because it
provides no check on fieldwork or starting
data. For this reason, the planning of a
traverse always provi des for closure of the
traverse. Traverses are closed in all cases
where time permits.

Closed Traverse

A closed traverse starts at a point and ends at
the same point or at a point whose relative
position 1S known. The surveyor adjusts the
measurements by computations to minimize
the effect of accidental errors made in the
measurements. Large errors are corrected.

Traverse closed on starting point. A
traverse which starts at a given point,
proceeds to its destination, and returns to the
starting point without crossing itself in the
process is referred to as a loop traverse ffigure

TS 1
HORIZONTALANGLE /\

HORIZONTALANGLE jr%{\{

Figure 7-1. An open traverse

. The survelyor uses this type of traverse to

provide control of atract or parcel boundary,
and data for the area computation within the
boundary. Thistype of traverseis also used if
thereislittle or no existing control in the area
and orélgl the relative position of the pointsis

requir

A loop traverse starts and ends on a station of
assumed coordinates and azimuth without
affecting the computations, area, or relative
position of the stations. If, however, the
coordinates must be tied to an existing grid
system, the traverse starts from a known
station and azimuth on that system. While
the loop traverse provides some check upon
the fieldwork and computations, it does not
provide for a check of starting data or insure
detection of al the systematic errors that
may occur in the survey.

Traverse closed on second known point.
A traverse closed on a second known point
begins at a point of known coordinates, moves
through the required point(s), and terminates
at a second point of known coordinates. The
surveyor prefersthis tﬁpe of traverse because
it provides a check on the fieldwork,
computations, and starting data. It also
provides a basis for comparison to determine

the overall accuracy of the work.
B
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270° 567’

AZIMUTH MARK

313° 28’

Figure 7-2. A loop traverse

Section II. FIELD SURVEY

FIELDWORK

In atraverse, three stations are considered to
be of immediate significance. Surveyors refer
to these stations as the rear station, the
occupied station, and the forward station.
The rear station is the station from which the
surveyors performing the traverse have just
moved or a point to which the azimuth is
known. The occupied station is the station at
which the party is located and over which the
instrument is set. The immediate destination
of the party is the forward station or the next
station in succession.

Horizontal Angles

Always measure horizontal angles at the
occupied station by sighting the instrument
at the rear station and measuring the
clockwise angles to the forward station. To

measure horizontal angles, make instrument
pointings to the lowest visible point of the
target which marks the rear and forward
stations.

Distance

Measure the distance in a straight line
between the occupied station and the forward
station. Use horizontal taping procedures or
electronic distance measuring equipment.

TRAVERSE STATIONS

The surveyor selects sites for traverse stations
as the traverse progresses. The surveyor
locates the stations in such a way that at any
one station both the rear and forward stations
are visible.
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Selection of Stations

If the distance is measured with tape, the line
between stations must be free of obstacles for
the taping team. The surveyor should keep
the number of stations in a traverse to a
minimum to reduce the accumulation of
instrumental errors and the amount of
computing required. Short traverse legs
require the establishment and use of a greater
number of stations and may cause excessive
errors in azimuth because small errors in
centering the instrument, in station marking
equipment, and in instrument pointings are
magnified and absorbed in the azimuth
closure as errors in angle measurement.

Station Markers

Traverse station markers are usually 2- by
2-inch wooden stakes, 6 inches or morein
length. The surveyor drives these stakes,
called hubs, flush with the ground. The center
of the top of the hub is marked with a
surveyor’s tack or with an X to designate the
exact point of reference for angular and
linear measurements.

To assist in recovering the station, the
surveyor drives areference (witness) stake
into the ground so that it slopes toward the
station. The surveyor must write the
identification of the station on the reference
stake with a lumber crayon or china marking
pencil or on a tag attached to the stake.
Signal cloth may also be tied to the reference
stake to further assist in identifying or
recovering the station.

Station Signals

A signal must be erected over survey stations

to provide a sighting point for the instrument

operator and to serve as areference for tape
ignment by the taoi ng team. The most

commonly used signal is the range pole.

When measuring angles, the surveyor places
the tapered point of the range pole on the
station mark and uses arod level to make the
pole vertical for observations. The surveyor
should check the verticality of the pole by
verifying that the bubble remains centered at
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other points on the range pole. The range pole
is maintained in a vertical position
throug?hout the observation period either by
use of arange pole tripod or by someone
holding the pole. To prevent the measurement
of angles to the wrong point, the surveyor
places the range pole in a vertical position
only when it is being used to mark a survey
station.

ORGANIZATION OF
TRAVERSE PARTY

The number of personnel available to perform
survey operations depends on the unit’s Table
of Organization and Equipment (TOE). The
organization of these people into a traverse
party and the duties assigned to each member
will depend on the unit’s Standing Operating
Procedure (SOP). The organization and duties
of traverse party members are based on the
functional requirements of the traverse.

Chief of the Party

The chief of the party selects and marks the
locations for the traverse stations and
supervises the work of the other members of
the party. The chief of the party also assists
in the reconnaissance and planning of the
survey.

Instrument Oper ator
The instrument operator measures the
horizontal angles at each traverse station.

Recor der

ecorder keeps the field notes (see
H) for the party in afield notebook,
and records the angles measured by the
instrument operator, the distances measured
by the tapeman, and all other data pertaining
to the survey. The recorder is usually the
party member designated to check the taped
distances by pacing between traverse
stations.

Tapemen .
Two tapemen measure the distance from one
traverse station to the next.
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Rodman

The rodman assists the chief of the party in

marking the traverse stations, removes the

target from the rear station when signaled by _ _

the instrument operator, and moves the target It is possible to reduce
forward to the next traverse station. the number of personnel

in a traverse party,

but there should be
The number of party members maybe reduced
by combining the positions of party chief, two tapemen and a separate
instrument operator, and recorder. It is rodman.
possible that one of the taBemen may double
as a rodman, but it is best to have two
tapemen and a separate rodman.

Variations

Section |I1. COMPUTATIONS

AZIMUTH COMPUTATION

The azimuth of a line is defined as the

horizontal angle, measured clockwise, from a
base direction to the line in question.
Depending upon the starting data and the
desired results, the base direction used will be
grid north. In extreme circumstances, the
starting azimuth may even be a magnetic
azimuth. In order for a traverse to be

The surveyor must
determine an azimuth

computed, the surveyor determines an  for each leg of the
% muth for each leg of the traverse(figuré traverse.

The azimuth for each succeeding leg of the
traverse is determined by adding the value of
the measured angle at the occupied station to
the azimuth from the occupied station to the
rear station. The example which follows
illustrates this procedure. It should be noted
that on occupation of each successive station,
thefirst step isto compute the back azimuth
of the preceding traverse leg (the azimuth
from the occupied station to the rear station).

7-5
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Example
Given:

Azimuth from station

A to azimuth mark (Az)
Angle azimuth mark-A-B
Angle A-B-C

Angle B-C-A

Angle C-A-azimuth mark

Required:
All leg azimuths

Solution

At station A
AzfromAtoAzmark ............. ... ...
(+) Angle Azmark-A-B .............. ...

(Y Fullcirele ...

Azline AB ...
(+) 180 to determine back Az ...............

Back AzlineA-B ....... ... .. i
(M Angle A-B-C ...

(Y Fullecircle ...

AzZ B-C o e
(+) 180 to determineback Az ...............

Back AzlineB-C ....... ... i
(*)Angle B-C-A ...... ... .l

() Fullcirele ........ .o

Azline C-A ... e
(-) 180 to determine back Az ...............

Back Azline C-A ......... ..
(+) Angle C-A-Azmark ....................

AZline A-Azmark .......... ... ...l
(note error)

120°00
310°15
270°57
313°28

519

120° 00’
310° 15’
430° 15’
360° 00
70° 15
180° 00’
250° 15
270° 87
521° 12’
360° 00’
161° 12’
180° 00’
341°12
313° 28’
654° 40’
360° 00’
294° 40’
180° 00’
114° 40’
5° 19’
119° 59’



AZIMUTH ADJUSTMENT

The surveyor must determine the need for
adjustment before beginning final coordinate
computations. If the angular error of closure
falls within computed allowable error, the
surveyor may adjust the azimuths of the
traverse.

Allowable Angular Error (AE)

The allowable angular error is determined by
the formula AE =1' ~/N (or 20" per station.
whichever isless, where N is the number of
traverse stations. If azimuth error does not
fall within allowable error, the surveyor must
rﬁot]g_sglra/e the station angles of the traversein
thefiela.

In the example given, N equals 3.

AE = 'A/3=1.73 or 104"
AE = 20" x 3=60"

Therefore, 60 seconds is the alowable error.

Azimuth Corrections

Prior to determining a correction, the sur-
veyor computes the actual error. The azimuth
error is obtained by subtracting the computed
closing azimuth from the known closing
azimuth. This subtraction provides the
angular error with the appropriate sign. By
reversing this sign, the azimuth correction
with the appropriate sign is obtained. For
example, the azimuth from point A to an
azimuth mark is 120°00". The closing azimuth
of atraverse to the same azimuth mark is
determined to be 119°59'. This falls within
alowable limits, so the surveyor may compute
the error and correction as follows:

Azimuth error

Azimuth correction z 119

+00°0Y

comoputed azimuth - known azimuth
59'-120°00" = -00°01'

FM 5-233

-1



FM 5-233

Application of

Azimuth Corrections

Since traverse adjustment is based on the
assumption that errors present have
accumulated gradually and systematically
throughout the traverse, the azimuth cor-
rection is applied accordingly. The correction
is distributed equally among the angles of the
traverse with any remainder distributed to
the larger angles. For example, assume that
the traverse for which the azimuth correction
was determined consists of three traverse
legs and four angles.

Station Measured Angle
A 310°15°
B 270°57
C 313°28

A (closing) 5°19

The azimuth correction is divided by the total

number of angles. (Inthis case, + 01" +4 = 15"

Ber angle.) Each of the four angles is increased
y 15 seconds.

Station Measured Azimuth Adjusted

Angle Correction Angle
A 310°15 +15"  310°15'15"
B 270°57 +15°  270°57'15"
C 313°28 +15°  313°28'15”
A 5°19 +15" 5°19'15"

Action After Adjustment

After the angles are adjusted, the surveyor
computes adjusted azimuth of each leg of the
traverse by using the starting azimuth and
the adjusted angles at each traverse station.
The surveyor should compute the adjusted
azimuth throughout the entire traverse and
check against the correct azimuth to the
closing azimuth mark before beginning any
further traverse computations.

AZIMUTH-BEARING
ANGLE RELATIONSHIP

Since the functions (sine, cosine, tangent,
and so on) of the azimuth and the bearing are
numerically the same, the surveyor may use

7-8

either one to compute the traverse. The choice
of which isto be used will depend upon the
computer and the equipment available.

Azimuth and Bearing o
If a calculator with angular functions is
available, the use of the azimuth would
obviously be easier, since it eliminates the
need to compute the bearing. If such a
calculator is not available and the functions
must be determined from tables, it is nec-
essary to compute the bearing angles since
the tabulation of functions is normally
published for angles of O degrees to 90 degrees.
The bearing of alineisthe acute anﬂle (angle
less than 90 degrees) formed by thelinein
question and the parthsouith line through the
occupied point. illustrates the
relationship between the azimuth of aline
and its bearing.

Quadrants _ _
The manner in which bearing angles are
computed from a given azimuth depends on
he quadrant in which the azimuth lies.
shows the four quadrants and
their relationship to each other. When the
azimuth is in the first quadrant, O degrees to
90 degrees, the bearing is equal to the
azimuth. When the azimuth isin the second
guadrant, 90 degrees to 180 degrees, the
bearing is equal to 180 degrees minus the
azimuth. When the azimuth is in the third
guadrant, 180 degrees to 270 degrees, the
bearing is equal to the azimuth minus 180
degrees. When the azimuth isin the fourth
quadrant, 270 degrees to 360 degrees, the
beari n% Is equal to 360 degrees minus the
azimuth.
Since the numerical values of the bearings
repeat in each quadrant, the surveyor must
label them and indicate into which quadrant
they fall. Thisis done by indicating whether
the bearing angle is measured from the north
or south line and whether it is east or west of
that line. For example, aline with an azimuth
of 341°12'30" fallsin the fourth or northwest
quadrant and its bearing is N 18°47' 30"W.
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NORTH

AZIMUTH OF LINE AB =

12KE0 NN’
190 Vv

EARING OF LINE AB =

$456° 00'E

SOUTH

Figure 7-3. Relationship of azimuth and bearing

NORTH

BEARING = 360° - AZIMUTH

WEST

BEARING = AZIMUTH

EAST

BEARING = AZIMUTH - 180°

BEARING = 180° - AZIMUTH

SOUTH

Figure 7-4. Determination of a bearing angle
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COORDINATE
COMPUTATIONS

If the coordinate of a point and the azimuth
and distance from that point to a second
point are known, the surveyor can compute
the coordinate of the second point. In figure
7-5, the coordinate of station A is known and
the coordinate of B isto be determined. The
azimuth and distance from station A to B are
determined by measuring the horizontal
angle from the azimuth mark to station B
and the distance from station A to B. The grid
casting and northing lines through both
stations are shown.

Since the grid is a rectangular system and the
casting and northing lines form right angles
at the point of intersection, the computation
of the difference in northing (side dN) and
difference in casting (side dE) employs the

Az mk

BEARING ANGLE

formulas for the computation of a right
triangle. The distance from A to B is the
hypotenuse of the triangle, and the bearing
angle (azimuth) is the known angle. The
foldo&/vi ng formulas are used to compute dN
and dE:

dN = Cos Azimuth x Distance
dE = Sin Azimuth x Distance

In figure 7-5, the traverse leg fallsin the first
(northeast) quadrant since the value of the
casting increases as the line goes east, and
the value of the northing increases as it goes
north. Both the dE and dN are positive and
are added to the casting and northing of
gation A to obtain the coordinate of station

i

(9]

Figure 7-5. Requirements for dN and dE

If the surveyor uses a calculator with
trigonometric functions to compute the
traverse, the azimuth is entered directly and
the machine provides the correct sign of the
function and the dN and dE. If the functions
are taken from tables, the computer provides

7-10

the sign of the function by inspection. All
lines goi ng north have positive dNs; south
lines have negative. Lines going east hav

Stive dEs; west lines have negative| Figure
@ illustrates the relationship of quadrant t0
sign.
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- +
B dE - | dE B
d|N+
v I
" 1"
din-
B B
dE - |dE+

Figure 7-6. Relationship by quadrant and sign

DETERMINATION OF
dN AND dE

Ir‘_ (page 7-13), the azimuth from
A-B i1s70°15' 15" and the distance is 568.78.

dN = Cos 70°15'15" X 568.78
dN = +0.337848X 568.78= +192.16
dE = Sin 70°15' 15" x 568.78
dE = +0.941200X 568.78 = +535.34

The azimuth from B-C is 161°12' 30" and the
distance is 548.74 (note SE quadrant).

dN = Cos 161°12'30" X 548.74
dN = -0.946696X 548.74= -519.49
dE = Sin 161°12'30" x 548.74
dE = +0.322128X 548.74 = +176.76

The azimuth from C-A i15294°40' 45", and the
distance is 783.74 (note NW quadrant).

dN = Cos 294°40'45” X 783.74
dN = 0.417537X 783.74 = +327.24
dE = Sin 294°40'45" x 783.74
dE =-0.908660X 783.74=-712.15

ACCURACY AND
SPECIFICATIONS
The overall accuracy of atraverse dependson
the equipment and methods used in the
measurements, the accuracy achieved, and
the accuracy of the starting and closing data.

An accuracy ratio of 1:5,000 is normally
sought in construction surveying. In ob-
taining horizontal distances, an accuracy of
at least 0.02 foot per 100 feet must be obtained.
When using a one-minute instrument, the
surveyor turns the horizontal angles oncein
each position, namely, one direct and one
indirect, with angular closure of 20 seconds
per station or 1I' “/number of stations.
whichever isless.

Linear Error

To determine the acceptability of atraverse,
the surveyor must compute the linear error of
closure and the allowable error or the
accuracy ratio or both. Thefirst step in either
case isto determine the linear error in dN and
dE. In the case of aloop traverse, the algebraic
sum of the dNs should equal zero. Any
discrepancy is the linear error in dN. The
same is true for dEs.

Linear Error dN (eN)
Linear Error dE (eE)

The surveyor computes the linear error of
closure (eL) using the Pythagorean theorum.

7-11
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Linear Error (el.) =4/ (eN)2 + (eE)?
el =V/(:0.09)2 + (-0.05)?

el =4/0.0106 = 0.1029

Allowable Error

The surveyor then computes the allowable
error (AE) using the appropriate accurac?;
ratio (1/5,000 or 1/3,000) and the total lengt
of the traverse.

1 .. AE
5,000 Length of Traverse

AE = 1 x Length of Traverse
5,000

AE = 1 x 1901.26_ (§ 309
5,000

Compare this to the linear error of closure. If
the AE is greater than the eL, the traverseis
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 isthe ratio of the el to the
total length of the traverse, after it is reduced
to a common ratio and rounded down.

eL - 0.1029 _ 0.1029 —0.1029

Total Length 1,901.26 1,901.26 —0.1029

- 1 1

= or
18,476.77 18,000

If the accuracy ratio does not fall within
alowable 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.

7-12

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 isto 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 ek, but with
the opposite sign.

Formula
I, 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 Correction Distance to Station
Length of Traverse

dE Correction per station =

Total dE Correction
Length of Traverse

x Distance to Station

For thefirst leg in the traverse i,

the corrections are computed as follows:

+0.09 y 568.78 = +0.03
1,901.26

dN Correction =

dE Correcﬁon =_*0.05 4 568.78 = +0.01
1,901.26

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
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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

fstﬁmon. From figure 7-7, you compute as
ollows:

Sta A 7,486.79 5,497.53
+ 192.19 +535.35
StaB 7,678.98 6,032.88
DESIGNATION DATE 19
FrecD  (CortecTon|farus TED Immu TE0 | prorance
S7T#2 ANGLE +/ ANGLE |FEimuTi | FEET
A-Az 20%00 00"
A 3/0°15° |7/5" _ 13/0°/5 18"
A8 70%5 /5 ")5¢8.78
_B-4 R50°/5 /5"
B 270°57 7| 4157 70°57°/5”
8-L 4/ /2 30"\ 5¢8. 7o
c-8 3¢/%2'30"
C 3/3°28" | £/5” 343%2875"
-4 %4045 783.74
g-C 14°49'15°
A 5°/57 lras” WAl
/4- ”_l_ /20%0 00"
To7 AL ral” Fo/ 26

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.

LRTITYOE [CORRECTION \WORTH IN G- |DELPARTURE L ORRECTION |KEAST /N 6~
JA i/ dE £/-

748¢ .79 5497.53

+192. /6 {1003 /92 /9 453534 +0. 0/ 535.35

., l7e78 98
-5/7-45 o o@ +5/5.97 |#/7. 76 0.0/

LJ3%2.88
176 .77

v/ 6 € /2 n
7/557. 57 o ex07.

(327.28 -7/2./5 |+p.0Z |-7/2./2

#327.2¢ |40 .04

7486 79 S$77.53

-0.09 |40 09 -0.08 |+p.05

Figure 7-7. Traverse computation of a loop traverse
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4.85
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4.85
483
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Table A-1. Natural trigonometric functions

Tan
ian

0.000 000
.000 291
.000 582

4.85

4.85
485
485
4.83
485
4.85
4.85
4.85

A Qg
4.00

485

4.85
4.85
4.85
4.83
4.85
4.85
4.85
4.85
4.85
4.85
4.85
4.85
4.85
4.85
4.83
4.85
4.85

A 2K

£.82

4.85
485

4.85
485
4.85
4.85
485
4.85
4.85
485
4.83
4.85

4.85
4.85
4.85
4.85
4.85
4.85
4.85
4.85
4.85
485

(@)
Q
4

3 437.746 674
1 718.873 192
1 145.915 295
859.436 305
687.548 889
572.957 213
491.106 003
429.717 571
381.970 991

343.773 708
312.5621 367
286.477 734
264.440 799
245551 983
229.181 664
214.857 622
202.218 750

100 aRA 198
17U.90% 100

180.932 198

171.885 399
163.700 191
156.259 084
149.465 021
143.237 122
137.507 447
132.218 503
127.321 336
122.773 955
118.540 180
114.588 650
110.892 051
107.370 558
104.170 945
101.106 902
98.217 943
95.489 475
92.908 487
90.463 336
88.143 572

85.939 791

a2 A2 N7
0J.049 JU/

81.847 041
79.943 430
78.126 342
76.390 009
74.729 165
73.138 991
71.815 070
70.163 346

68.750 087.

67.401 854
66.105 473
64.858 008
63.656 741
62.499 154
61.382 905
60.305 820
59.265 872
58.261 174
57.289 962

Lo

Tan

o
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Table A-1. Natural trigonometric functions (continued)

10

Sin d” Tan K Cot d” Cos d”
00' 0017 452 4.85 0.017 455 4.85 57.289 962 0.999 848 08 60
01 017 743 4.85 017 746 4.85 56.350 590 999 843 10 59
02 018 034 4.85 018 037 4.85 55.441 517 999 837 08 58
3 018 325 4.85 518 328 485 54.551 300 888 832 08 57
04 018 616 4.85 018 619 4.85 53.708 588 999 827 10 56
05 018 907 4.83 .018 910 4.85 52.882 109 1999 821 08 55
06 019 197 4.85 019 201 4.85 52.080 673 999 816 10 54
07 013 488 4.5 019 492 4.85 51.303 157 998 810 10 53
08 019 779 4.85 019 783 4.85 50.548 506 999 804 08 52
35 526 670 4.85 020 074 485 45815 726 858 758 46 5i
10 0.020 361 4.85 0.020 365 4.85 49.103 881 0.999 793 10 50
11 020 652 4.83 020 656 4.85 48.412 084 999 787 10 49
12 020 942 485 020 947 485 47.73¢ 501 999 781 10 as
13 021 233 4.85 021 238 4.85 47.085 343 999 775 12 47
14 021 524 4.85 021 529 4.85 46.448 862 999 768 10 46
15 021 815 4.85 .021 820 4.85 45.829 351 999 762 10 45
16 022 108 4.85 022 111 485 45,226 141 999 756 12 a4
17 022 397 4.83 022 402 4.85 44.638 596 999 749 10 43
18 022 687 4.85 022 693 4.85 44.066 113 999 743 12 42
19 022 978 4.85 022 984 4.85 43508 122 999 736 12 M
20 0023 269 4.85 0.023 275 4.85 42,964 077 0.999 729 12 40
21 023 560 4.85 023 566 4.85 42433 464 999 722 10 39
22 023 851 4.83 023 857 4.85 41.915 799 999 716 12 38
23 024 141 4.85 024 148 4.85 41.410 588 999 709 13 37
24 024 432 4.85 024 439 4.87 40917 412 999 701 12 36
25 024 723 4.85 024 731 4.85 40.435 837 1999 694 12 35
26 025 014 4.85 025 022 4.85 39.965 461 999 687 A2 34
27 025 305 4.83 025 313 4.85 39.505 895 999 680 13 33
28 025 595 4.85 .025 604 4.85 39.066 771 999 672 12 32
29 025 886 4.85 025 895 4.85 38.617 738 .999 666 13 3
30 0.026 177 4.85 0.026 186 4.85 38.188 459 0.999 657 12 30
3 026 468 4.85 026 477 4.85 37.768 613 999 650 A3 29
32 .026 759 4.83 026 768 4.85 37.357 892 999 642 A3 28
33 027 049 4.85 027 059 4.85 36.956 001 999 634 13 27
34 027 340 4.85 .027 350 4.85 36.562 659 999 626 13 26
35 027 631 4.85 027 641 4.87 36.177 596 999 618 13 25
36 027 922 4.83 027 933 4.85 35.800 553 999 610 13 24
37 028 212 4.83 028 224 4.85 35.431 282 999 602 13 23
38 .028 503 4.85 028 515 4.85 35.069 546 999 594 15 22
39 028 794 4.85 .028 806 4.85 34.715 115 999 585 1321
40 0029 085 4.83 0.029 097 4.85 34.367 771 0.999 577 A5 20
41 029 376 4.85 029 388 4.85 34.027 303 999 568 13 19
42 029 666 4.85 029 679 4.85 33.693 509 999 560 A5 18
43 029 957 4.85 .029 970 4.87 33.366 194 .999 651 A5 17
44 .030 248 4.85 030 262 4.85 33.045 173 999 542 A3 16
45 1030 639 4.83 030 553 4.85 32.730 264 999 534 A5 15
46 .030 829 4.85 030 844 4.85 32.421 295 999 525 A5 14
47 031 120 4.85 031 135 4.85 32.118 099 999 516 45 13
48 031 411 4.85 031 426 4.85 31.820 516 999 507 A7 iz
49 .031 702 4.83 031 717 4.87 31.528 392 999 497 a5 1
50  0.031 992 4.85 0.032 009 4.85 31.241 577 0.999 488 15 10
51 032 283 4.85 032 300 4.85 30.95¢ 928 999 479 17 08
52 032 674 4.83 .032 591 4.85 30.683 307 999 469 15 08
53 032 864 4.85 032 882 4.85 30,411 580 989 460 1707
54 .033 156 4.85 033 173 4.87 30.144 619 999 450 15 06
55 033 446 485 033 465 4.85 29.882 299 989 441 17 05
56 033 737 4.83 033 756 4.85 29.624 499 999 431 17 04
57 034 027 485 034 047 4.85 29.371 106 288 421 17 o3
58 034 318 4.85 .034 338 4.85 29.122 005 999 411 17 02
59 .034 608 4.83 .034 630 4.85 28.877 089 889 401 17 o
60 0034 899 0.034 921 28.636 253 0.999 391 00

Cos a” Cot d” Tan . Sin d.”
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.038
.038
.038
.038
039
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899
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644
934
225

c4o
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097
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678
969
260
550
841
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004
294
585
876
166
457
748

Table A-1. Natural trigonometric functions (continued)
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4.85
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4.85
4.85
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4.85
4.85

A Q0
“4.09

4.85
4.85
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4.85
4.85
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4.85
4.85
4.83
4.85
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4.85
4.85
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4.85
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4 8K

L.388

4.83
4.85
4.85
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4.83
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Table A-1. Natural trigonometric functions (continued)

30
Sin d.” Tan d.” Cot d.” Cos d.”
00’ 0.052 336 4.83 0.052 408 4.85 19.0811 17.60 0.998 630 27 60’
01 .062 626 4.85 .062 699 4.87 18.9765 17.40 .998 614 .25 69
02 .062 917 4.83 .052 991 4.87 18.8711 17.22 .998 599 27 58
03 063 207 4.85 .063 283 4.87 18.7678 17.03 .998 583 .25 67
04 .053 498 483 .063 575 4.85 18.6656 16.85 .998 568 27 56
05 053 788 4.85 .063 866 4.87 18.5645 16.66 .998 552 .25 55
06 .054 079 483 054 158 4.87 18.4645 16.50 .988 537 .27 54
07 .064 369 4.85 054 450 487 18.3655 16.30 .998 521 .27 53
08 .054 660 4.83 064 742 4.85 18.2677 16.15 .998 505 .27 52
09 .054 950 4.85 .065 033 487 18.1708 15.97 998 489 .27 51
10 0.055 241 4.83 0.055 325 4.87 18.0750 16.80 0.998 473 .27 50
1 .085 501 4.85 .065 617 4.87 17.9802 15.65 998 457 27 49
12 .055 822 483 055 909 4.85 17.8863 15.48 .998 441 .28 48
13 056 112 4.83 056 200 4.87 17.7934 156.32 .998 424 .27 47
14 056 402 4.85 056 492 487 17.7015 15.15 .998 408 .27 46
15 .056 693 483 .066 784 4.87 17.6106 15.02 .998 392 .28 45
16 .056 983 4.85 .057 076 487 17.5205 14.85 .998 375 .27 44
17 057 274 4.83 .057 368 4.87 17.4314 14.70 .998 359 .28 a3
18 057 564 4.83 .057 660 4.85 17.3432 1457 .998 342 .28 42
19 .057 854 485 057 951 4.87 17.2558 14.42 .998 325 .28 41
20 0.058 145 483 0.058 243 4.87 17.1693 14.27 0.998 308 .28 40
21 .058 435 4.85 .058 535 487 17.0837 14.12 .998 291 .28 39
22 .068 726 4.83 .058 827 4.87 16.9990 14.00 998 274 .28 38
23 .059 016 4.83 .069 119 4.87 16.9150 13.85 .998 257 .28 37
24 .059 306 4.85 .059 411 487 16.8319 13.72 .998 240 .28 36
25 .059 597 4.83 .059 703 4.87 16.7496 13.68 .998 223 .30 35
26 .059 887 4.83 .059 995 4.87 16.6681 13.45 .998 205 .28 34
27 .060 177 4.85 .060 287 4.87 16.5874 13.32 .998 188 .30 33
28 .060 468 4.83 .060 579 487 16.5075 13.20 .998 170 .28 32
29 .060 758 4.85 .060 871 4.87 16.4283 13.07 998 153 .30 k3
30 0.061 049 483 0.061 163 4.87 16.3499 12.95 0.998 135 .30 30
31 061 339 4.83 .061 455 487 16.2722 1283 .998 117 .30 29
32 061 629 4.85 .061 747 4.87 16.1952 12.70 .998 099 .30 28
33 061 920 4.83 .062 039 487 16.1190 12.58 .998 081 .30 27
34 .062 210 4.83 .062 331 4.87 16.0435 12.47 .998 063 .30 26
35 .062 500 4.85 .062 623 4.87 15.9687 1237 .998 045 .30 25
36 062 791 4.83 062 915 4.87 15.8945 12.23 998 027 32 24
37 .063 081 4.83 .063 207 4.87 15.8211 12.13 .998 008 .30 23
38 063 371 483 .063 499 4.87 15.7483 12.02 .997 990 .30 22
39 .063 661 485 .063 791 4.87 16.6762 11.90 .997 972 32 21
40 0.063 952 483 0.064 083 4.87 15.6048 11.80 0.997 953 .32 20
41 .064 242 483 .064 375 4.87 15.6340 11.70 .997 934 .30 19
42 .064 532 485 .064 667 4.87 15.4638 11.58 997 916 .32 18
43 .064 823 483 .064 959 4.87 15.3943 11.48 .997 897 .32 17
44 .065 113 4.83 .065 251 4.87 165.3254 11.38 .997 878 .32 16
45 .065 403 4.83 065 543 4.88 15.2571 11.30 .997 859 .32 15
46 065 693 4.85 .065 836 4.87 15.1893 11.18 997 840 .32 14
47 .065 984 483 066 128 4.87 15.1222 11.08 997 821 .33 13
48 .066 274 483 066 420 4.87 15.0557 10.98 .997 801 .32 12
49 .066 564 4.83 066 712 4.87 14.9898 10.90 997 782 .32 1
50 0.066 854 4.85 0.067 004 4.87 14.9244 10.80 0.997 763 .33 10
51 .067 145 4.83 067 296 4.88 14.8596 10.70 .997 743 .32 0g
52 .067 435 4.83 067 589 4.87 14.7954 10.62 997 724 .33 08
53 .067 725 4.83 .067 881 4.87 14.7317 10.53 .8997 704 .33 07
54 .068 015 483 .068 173 487 14.6685 10.43 .997 684 .33 06
55 .068 306 4.83 .068 465 4.88 14.6059 10.36 .997 665 32 05
56 .068 596 4.83 .068 758 4.87 14.5438 10.28 997 645 .33 04
57 .068 886 4.83 .069 050 4.87 14.4823 10.18 .997 625 .33 03
58 .069 176 4.83 .069 342 4.88 14.4212 10.08 997 604 .35 02
59 069 466 4.83 .069 635 4.87 14.3607 10.00 .997 584 .33 01
60 0.069 756 0.069 927 14.3007 0.997 564 00
Cos d.” Cot d." Tan d.” Sin d.”
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Table A-1. Natural trigonometric functions (continued)
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Table A-1. Natural trigonometric functions (continued)
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Table A-1. Natural trigonometric functions (continued)
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Table A-1. Natural trigonometric functions (continued)

70
Sin d.” Tan d.” Cot d.” Cos d.”
00" 0.121 869 4.82 0.122 785 4.92 8.144 35 32.57 0.992 546 .58 60’
01 122 158 4.82 .123 080 492 124 81 32.42 992 511 .60 598
02 122 447 4.80 .123 375 4.92 105 36 32.27 992 475 .60 58
03 122 735 4.82 123 670 493 .086 00 32.10 992 439 .58 57
04 1123 024 4.82 123 966 492 .066 74 31.97 992 404 .60 56
05 .123 313 4.80 124 261 4.93 .047 56 31.80 .992 368 .60 55
06 .123 601 482 124 557 492 028 48 31.67 8992 332 .60 54
o7 .123 890 4.82 1124 852 492 009 48 31.50 992 296 .60 53
08 124 179 4.80 125 147 493 7.990 58 31.37 992 260 .60 52
0s .124 467 4.82 .125 443 4.92 971 76 31.23 992 224 .62 51
10 0.124 756 4.82 0.125 738 493 7.953 02 31.07 0.992 187 .60 50
11 .125 045 4.80 .126 034 4.92 934 38 30.93 992 151 .60 49
12 .125 333 4.82 .126 329 4.93 915 82 30.80 982 115 .62 48
13 125 622 4.80 126 625 4.92 .897 34 30.65 .992 078 .60 47
14 125 510 4.82 126 520 4.53 .878 95 30.52 8582 042 .62 48
15 126 199 4.82 127 216 4.93 .860 64 30.37 .992 005 .62 45
16 .126 488 4.80 127 512 4.92 842 42 30.23 991 968 .62 44
17 176 776 4.82 127 807 4.93 .824 28 30.10 991 931 62 43
18 127 065 4.80 .128 103 4.93 .806 22 29.85 991 894 62 42
19 127 353 4.82 .128 399 4.92 .788 25 29.83 991 857 62 a1
20 0.127 642 4.80 .128 694 493 7.770 35 29.68 0.991 820 62 40
21 127 930 482 .128 990 4.93 752 54 29.57 991 783 .62 39
22 .128 219 4.80 .129 286 4.93 734 80 29.42 991 746 B2 38
23 .128 507 482 129 582 492 717 16 29.30 991 709 63 37
24 .128 796 4.80 129 877 4.93 .699 57 29.15 991 671 62 36
25 .129 084 4.82 130 173 4.93 .682 08 29.03 991 634 .63 35
26 129 373 4.80 130 469 4.93 664 66 28.90 991 596 .63 34
27 129 661 4.80 .130 765 493 647 32 28.78 .991 558 .62 33
28 129 949 4.82 .131 061 4.93 630 05 28.63 991 521 .63 32
29 .130 238 4.80 131 357 4.92 612 87 28.53 .991 483 .63 31
30 0.130 528 4.82 0.131 652 493 7.695 75 28.38 0.991 445 63 30
3t 130 815 4.80 .131 948 4.93 578 72 28.27 991 407 63 29
32 131 103 4.80 132 244 4.93 561 76 28.15 .998 369 63 28
33 131 391 482 .132 540 4.93 544 87 28.02 991 331 .65 27
34 .131 680 4.80 .132 836 4.93 528 06 27.00 .991 292 .83 26
35 .131 968 4.80 .133 132 4.93 511 32 27.78 .991 254 63 25
36 132 256 482 .133 428 4.95 494 65 27.65 991 216 .65 24
37 .132 545 4.80 133 725 493 .478 06 27.53 991 177 .65 23
38 .132 833 4.80 .134 021 4.93 461 54 27.42 991 138 63 22
39 133 121 4.82 134 317 493 .445 09 27.30 .991 100 .65 21
40 0.133 410 4.80 0.134 613 4.93 7.428 27.18 0.991 061 .65 20
41 .133 698 480 .134 909 493 412 40 27.07 .991 022 .85 19
42 .133 286 4.80 .135 205 4.95 . .396 16 26.95 .990 083 .65 18
43 134 274 482 .135 502 493 .379 99 26.83 .990 994 .65 17
44 .134 563 4.80 .135 798 4.93 363 89 26.72 .990 905 .65 16
45 .134 851 4 .80 .136 094 493 . .347 86 26.60 .990 866 .65 15
46 135 139 4.80 136 390 4.95 .331 90 26.50 .990 827 67 14
47 135 427 4.82 .136 687 4.83 316 00 26.37 .990 787 .65 13
48 135 716 4.80 .136 983 4.93 330 18 26.27 .890 748 .67 12
49 .136 004 4.80 137 279 4.95 .284 42 26.15 .990 708 .65 1
50 0.136 292 4.80 0.137 576 493 7.268 73 26.05 0.990 669 .67 10
51 .136 580 4.80 137 872 4.95 .253 10 2593 .990 629 .67 09
52 .136 868 4.80 .138 169 4.93 .237 54 25.83 .990 589 .67 08
53 137 156 482 .138 465 493 222 04 25.72 .990 549 .67 Qa7
54 137 445 4.80 .138 761 495 .208 61 25.60 990 509 .87 08
55 .137 733 4.80 .139 058 493 191 25 25.52 .990 469 67 05
56 .138 021 4.80 .139 354 4.95 175 94 25.53 .990 429 67 04
57 .138 309 4.80 .139 651 4.95 160 71 25.30 .990 389 .67 03
58 .138 597 4.80 139 948 4.93 .145 53 25.18 990 349 67 02
59 .138 883 4.80 140 244 4.95 130 42 25.08 .990 309 .68 01
60 0.139 173 0.140 541 7.115 37 0.099 268 00
Sin d.” Tan d.- Cot d” Cos d”
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Table A-1. Natural trigonometric functions (continued)

80
Sin d” Tan d” Cot d.” Cos d”
00’ 0.138 173 4.80 0.140 541 493 7.113 37 24.98 0.990 268 .67 60°
01 139 461 4.80 140 837 4.95 .100 38 24.87 990 228 .68 59
02 139 749 480 141 134 4.95 .085 46 24.78 .990 187 .68 58
03 140 037 4.80 (141 431 4895 .070 55 24.67 850 146 .68 57
04 140 325 4.80 141 728 4.93 055 79 24,57 990 105 67 56
05 140 613 480 142 024 495 .041 0B 24.47 990 065 .68 55
06 140 901 4.80 142 321 4.95 .026 37 24.38 .990 024 .68 54
07 .141 189 4.80 .142 618 4.95 011 74 24.27 .989 983 .68 53
08 141 477 4.80 142 915 4.95 6.997 18 2417 .989 942 .70 52
09 141 765 4.80 143 212 4.93 .982 68 24.08 .989 900 .68 51
10 0.142 053 4.80 0.143 508 4.95 6.968 23 23.97 0.989 859 .68 50
1 .142 341 4.80 .143 805 495 953 85 23.88 989 818 .70 49
12 142 629 4.80 144 102 4.95 1939 52 23.78 .989 776 .68 a8
13 142 917 4.80 .144 399 495 .925 25 23.68 989 735 .70 a7
14 .143 205 4.80 .144 696 4.95 911 04 23.60 .989 693 .70 46
15 .143 493 478 .144 993 4.95 .896 88 23.50 .989 651 .68 45
16 .143 780 4.80 .145 290 4.95 .882 78 23.40 .989 610 70 44
17 .144 068 4.80 .145 587 4.95 .868 74 23.32 .989 568 70 43
18 144 358 4.80 .i45 884 4.55 854 75 23.22 .885 526 .70 42
19 .144 644 4.80 .146 181 4.95 .840 82 23.13 .989 484 .70 41
20 0.144 932 4.80 0.146 478 4.97 6.826 94 23.03 0.989 442 72 40
21 .145 220 4.78 146 776 4.95 813 12 22.93 .989 399 .70 39
22 .145 507 4.80 .147 073 4.95 .799 36 22.87 989 357 70 38
23 .145 795 4.80 .147 370 4.85 785 64 22.75 .989 315 .72 37
24 .146 083 4.80 .147 667 4.95 771 85 22.68 .988 272 .7C 36
25 146 371 4.80 .147 964 4.97 .758 38 22.58 989 230 72 35
26 .146 659 478 148 262 495 744 83 22.50 .989 187 72 34
27 .146 946 4.80 .148 559 4.95 731 33 22.40 989 144 .70 33
28 147 234 4.80 .148 856 4.97 717 89 22.32 989 102 .72 32
29 147 522 4.78 .149 154 4.95 704 50 2223 .989 059 .72 31
30 0.147 808 4.80 0.148 451 4.95 6691 16 22158 882 018 72 30
31 .148 097 4.80 0.149 748 4.97 .677 87 22.07 .988 973 72 29
32 .148 385 4.78 1580 048 495 .664 63 21.98 .988 930 .73 28
33 .148 672 4.80 150 343 4.97 651 44 21.88 .988 886 72 27
34 .146 960 4.80 150 641 4.95 .638 31 21.80 .988 843 .72 26
35 .149 248 4.78 .150 938 4.97 .625 23 21.73 .988 800 73 25
36 .149 535 4.80 .151 236 4.95 612 19 21.63 .988 756 72 24
37 .149 823 4.80 .151 533 4.97 .99 21 21.57 .988 713 73 23
38 150 111 4.78 .151 831 4.97 .586 27 21.47 .988 669 72 22
35 .150 388 4.80 .162 128 4.95 573 38 21.40 .888 628 73 21
40 0.150 686 4.78 0.152 426 4.97 6.560 55 21.30 .988 582 .73 20
41 1560 973 4.80 .162 724 497 647 77 21.23 .988 538 .73 19
42 .151 261 478 .163 022 4.95 535 03 21.15 .988 494 73 18
43 .1561 548 4.80 .153 319 4.97 5227 34 27.07 .888 450 .73 i7
44 .151 B36 4.78 .153 617 4.97 509 70 21.00 .988 406 .73 16
45 152 123 4.80 .153 915 497 497 10 20.90 .88 382 .75 15
46 162 411 4.78 154 213 4.95 .484 56 20.83 .988 317 .73 14
47 1562 698 4.80 .154 510 4.97 472 06 20.75 .988 273 .75 13
48 .152 986 4.78 .154 808 4.97 .459 61 20.68 .988 228 .73 12
49 .163 273 4.80 .165 106 4.97 447 20 20.60 .998 184 75 11
50 0.153 561 4.78 0.155 404 4.97 6.434 84 20.52 0.988 139 .75 10
51 .153 848 4 80 155 702 497 422 83 20.45 .988 094 73 Q9
52 .164 136 4.78 .156 000 4.97 410 26 20.37 .988 050 .75 [o]:3
53 .154 423 4.78 .156 298 4.97 .398 04 20.28 .988 005 .75 07
54 154 710 4.80 .156 596 4.97 .385 87 20.22 .987 960 .75 06
55 154 998 478 .156 894 4.97 .373 74 20.15 .987 915 .75 05
56 155 285 4.78 167 192 4.97 .361 65 20.07 .887 870 77 04
57 155 572 4.80 .167 490 4.97 349 61 20.00 .987 824 .75 03
58 .165 860 4.78 167 788 4.97 337 61 18.82 887 778 .75 02
59 166 147 4.78 .158 086 4.97 .325 66 19.85 .987 734 77 01
60 0.156 434 0.158 384 6.313 75 0.987 688 00
Sin d" Tan d4." Cot d.” Cos d."
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p=111]

0.156
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167
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.158
.158
.158
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0.159
1569
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434
722
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296
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871
158
445
732
020

307
594
881
168
455
743

1 030

317
604
891

178
465

648

Sin

Table A-1. Natural trigonometric functions (continued)

4.80
4.78
4.78
4.80
478
478
4.78
4.78
4.80
4.18

4.78
4.78
4.78
4.78
4.80
4.78
4.78
4.78
4.78
478

4.78
4.78
4.78
478
4.78
4.78
478
4.78
4.78
4.78

4.77
4.78
4.78
4.78
4.78
4.78
478
4.77
4.78
4.78

478
4.77
4.78
4.78
4.78

A7
.7

4.78
4.77
4.78
4.78

4.77
4.78
4.78
477
4.78
4.77
4.78
4.77
4.78
4.77

T
1dan

0.158
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.158
.169
159
159
160
.160
160
161

0.161
161
161
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.164

0.164
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166
167

0.167
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.169
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0.170
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A
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172
172
173

173
173
173
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174
174
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175
175
176

0.176
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683
981
279
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472
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965
263
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860
159
458
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652
951
250
549
848
147
446
745
044

343
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941
240
539
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137
437
736
035

334
634
933
233
532

221
OJF

131
430
730
030

329
629
928
228
528
828
127
427
727
027

327

4.98

4.97
4.98
4.97
4.98
497
4.98
4.98
4.97
4.98
4.98

4.97
4.98
4.98
4.98
4.98
4.98
4.98
4.98
4.98
4.98

4.98
4.98
4.98
4.98
4.98
4.98
5.00
4.98
4.98
4.98
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4.98
5.00
4.98
4.98

E NN
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4.98
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769
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.690
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89
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Table A-1. Natural trigonometric functions (continued)

Sin d.” Tan d.” Cot d.” Cos d.”
00’ 0.173 648 478 0.176 327 5.00 5.671 28 16.07 0.984 808 .85 60’
o1 .173 9356 4.77 176 627 5.00 .661 65 16.00 984 757 83 59
02 74 224 4.78 176 927 5.00 652 05 15.85 884 707 .85 58
03 174 508 477 177 227 5.00 .642 48 15.88 984 656 .85 57
04 174 794 4.77 177 527 5.00 632 95 15.85 984 605 .85 56
05 .175 080 4.78 177 827 5.00 623 44 15.78 .984 554 .85 55
08 175 367 477 178 127 5.00 613 97 15.75 .984 503 .85 54
07 .175 653 4.77 178 427 5.00 604 52 15.68 .984 452 .85 53
08 .175 939 4.78 178 727 5.02 595 11 15.63 .984 350 .87 51
09 .176 226 4.77 179 028 5.00 .685 73 15.58 .984 350 .87 51
10 0.176 512 4.77 0.179 328 5.00 5.576 38 15.53 0.584 238 .85 50
11 176 798 4.78 179 628 5.00 .567 06 15.48 984 247 85 49
P2 177 085 477 173 828 5.02 557 77 15.43 .984 196 .87 48
13 177 371 4.77 180 229 5.00 .548 51 15.40 984 144 .87 47
14 177 657 478 .180 529 5.00 539 27 15633 .984 092 .85 46
15 177 944 4.77 .180 829 5.02 530 07 15.28 .984 041 .87 45
16 178 230 4.77 181 130 5.00 520 90 15.23 983 989 .87 44
17 .178 516 4.77 181 430 5.02 511 76 15.20 983 937 .87 43
18 .178 802 4.77 181 731 5.00 502 64 15.13 .983 885 .87 42
19 .179 088 4.78 .182 031 5.02 493 56 15.08 .983 833 .87 41
20 0.178 375 4.77 0.182 332 5.00 5.484 51 15.05 £.983 781 .87 40
21 179 661 4.77 .182 632 5.02 475 48 15.00 983 729 .88 39
22 179 847 477 .182 933 5.02 466 48 14.95 983 676 .87 38
23 .180 233 4.77 183 234 5.00 457 51 14.90 .983 624 .88 37
24 .180 519 477 .183 534 5.02 .448 57 14.85 .983 571 .87 36
25 .180 805 4.77 .183 835 6.02 439 66 14.82 983 519 .88 35
26 .181 091 477 184 136 5.02 430 77 14.75 .983 466 .87 34
27 .181 377 4.77 184 437 5.00 421 92 14.72 983 414 .88 33
28 .181 663 4.78 .184 737 5.02 413 09 14.67 .983 361 .88 32
29 181 950 4.77 .185 038 5.02 404 29 14.62 983 308 .88 3i
30 0.182 236 4.77 0.185 339 5.02 5.395 52 14.58 0.983 255 .88 30
31 182 522 4.77 .185 640 5.02 .386 77 14.53 983 202 .88 29
32 .182 808 4.77 185 941 502 .378 05 14.48 .983 149 .88 28
33 183 094 4.75 186 242 5.02 .369 36 14.43 .983 096 .90 27
34 .183 379 4.77 .186 543 5.02 .360 70 14.40 983 042 .88 26
35 .183 665 477 .186 844 502 .362 06 14.35 .982 989 .90 25
36 .183 951 477 187 145 5.02 .343 45 14.30 982 935 .88 24
37 187 237 4.77 187 446 5.02 .334 87 14.27 982 882 .80 23
38 .184 523 4.77 187 747 5.02 .326 31 14.22 .982 828 .80 22
39 .184 809 477 188 048 5.02 317 78 1417 .882 774 .88 21
40 0.185 Q95 477 0.188 349 5.03 5.309 28 14.13 0.982 721 .80 20
41 .185 381 477 .188 651 5.02 .300 80 14.08 982 667 .90 19
42 .185 667 4.75 .188 952 5.02 292 35 14.03 982 613 .90 18
43 .185 952 4.77 .189 253 5.03 .283 93 14.00 .982 559 .90 17
44 .186 238 4.77 .189 555 5.02 .275 53 13.97 .982 505 .92 16
45 .186 524 4.77 .189 856 5.02 267 15 13.92 .982 450 .80 i5
46 .186 810 4.77 .190 157 5.03 .258 80 13.87 .982 396 .90 14
47 .187 096 4.75 190 459 5.02 .250 48 13.83 .882 342 .82 13
48 .187 381 477 180 760 5.03 242 18 13.78 .982 287 .90 12
435 .187 6867 477 .181 062 5.02 233 N 13.75 .982 233 .92 n
50 0.187 953 475 0.191 363 5.03 5.225 66 13.70 0982 178 92 10
51 .188 238 4.77 191 665 5.02 217 44 13.65 982 123 90 09
52 .188 524 4.77 191 966 5.03 208 25 13.63 982 069 .92 08
53 .188 810 4.75 .192 268 5.03 .201 07 13.57 .982 014 .92 07
54 .189 095 4.77 .192 570 5.02 .192 93 13.55 .981 959 .92 06
55 .189 381 4.77 192 871 5.03 .184 80 13.48 .981 904 92 05
56 .189 667 4.75 .193 173 5.03 176 M 13.47 981 849 a3 04
57 185 g52 4.77 .183 475 5.03 .168 63 13.42 .981 793 92 Q3
58 190 238 475 193 777 5.02 .160 58 13.37 .981 738 92 02
59 190 523 477 .194 078 5.03 .162 66 13.36 .981 683 .93 0}]
60 0.190 809 0.194 380 5.144 55 0.981 627 00
Sin d Tan d.” Cot d Cos d."
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.198
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ity
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0.202
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.204
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0.205
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.205
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.207
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207
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809
096
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807
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946
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653
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072
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Sin

Table A-1. Natural trigonometric functions (continued)

4

4.77
4.75
4.77
475
477
478
475
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4.75
4.77
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4.75
4.77
475
4.75
477
475
475
4.75
4.77
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4.75
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475
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475
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475
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5.i0

475
475
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475
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4.75
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4.73
4.75
4.75
4.73

4.75
4.75
4.75
473
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4.75
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0.194
194
194
195
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195
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.196
.196
197
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199
199
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0.200
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.204
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LEUS

.205
.205
.206

0.206
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.207
.207
.207
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.208
.208
.208
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0.209
.20¢8
.210
210
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211
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211
.21
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380
682
984
286
538
830
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494
796
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401
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005
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912
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820
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030
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938
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544
847
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755
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771
i
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877
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483
787
0920
393
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304
607
911
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518
822
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733
037
341
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948
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Tan

4"

5.03
5.03
5.03
5.03
503
5.03
5.03
5.03
5.05
5.03

5.03
5.03
5.056
5.03
5.03
5.05
5.03
5.05
5.03
5.05

5.03
5056
5.05
5.03
5.05
5.05
5.05
5.05
5.03
5.05

5.05
5.05
6.05
5.05
5.05
5.07

E N
PRV

5.05
5.05
5.05

5.07
5.06
5.05
5.07
5.056
5.07
5.05
5.07
5.0
5.07

5.07
5.07
5.05
5.07
5C"
5.07
5.07
5.07
5.07
5.07
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Cot

6.144
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128
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089
.081
073
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042
034
027
019
012
004

4.996

4989
.981
974
.966
959
.952
844
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929
922

4915
.807
.800
.893
.886
.878

Q71
SO

.864
.857
.850

4.843
B35
.828
821
814
807
.800
793
.786
779

4772
.765
.759
752
.745
.738
73
724
718
711
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Cot

66
68
62
69
79
920
04
21
39
60

84
09
37
67
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34
7
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51
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40
88
38
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45
01
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21
84
49

16
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56
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05
82
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44
27
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00
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rA
69
68
70
73
78

a6
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34
51
70
20
13
37
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4"

13.28
13.27
13.22
1317
13.16
13.10
13.05
13.03
12.98
1293

12.92
12.87
12.83
12.80
12.75
12.72
12.68
12.65
12.60
1258

12,53
12.50
12.47
12.42
12.40
12.35
12.32
12.28
12.25
12.22

12.18
12,15
1210
12.08
12.06
12.00
1197
11.95
11.80
11.88

11.83
11.80
11.78
11.73
11.70
11.68
11.63
11.62
11.58
11.63

11.62
11.48
11.45
11.42
11.38
11.35
11.33
11.28
11.27
11.23

Cos

0.9
981
981
981

R
981
981
981
981
981

0.981
.981
.980
880
.980
.980
.980
.980
.980
.98C

0.980
.980
.980
.980
.980
.980
.980
.980
.980
978

979
979
979
979
.979
979

a’a
FIT

979
879
979

0.979
979
879
979
879
.979
.978
.978
.978
978

0.978
.978
978
978
978
978
978
978
978
978

0.978

827
572
616
460
408
349
293
237
180
124

068
012
955
898
842
785
728
672
615
558

500
443
386
329
271

214
156
o098
041

983

925
867
809
750
692
634

575
517
458

399

341
282
223
164
105
045
986
927
867
808

748
689
629
569
509
449
389
328
268
208
148

Cos
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Table A-1. Natural trigonometric functions (continued)

4.73
4.75
4.73
4.75
4.73
4.75
4.73

a7
5./9

4.75
4.73

473
4.75
4.73
473
4.75
4.73
4.73
4.73
4.75
4.73

4.73
473
4.73
4.73
473
4.73
475
4.73
4.73
4.73

A2
4.7i9

4.73
4.73
4.72
473
4.73
4.73
4.73
473
473

4.72
473
473
4.73
4.72
473
473
4.72
4.73
473

4.72
4.73
4.73
4.72
4.73
472
4.73
4.72
4.73
4.72

Tan

0.212
212
213
213
.213
214
214

214
Ak

214
.215

0.215
215
.216
218
2186
217
217
217
.218
.218

0.218
218
.219
219
Ak
.220
.220

657
861
165
469
773
077
381
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121
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084
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11.20
11.17
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11.10
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10.97
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i0.88
10.83

Cos

0978
.978
.978
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977
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0.974
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905
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13
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14
15
16
17
18
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23
24
25
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27
28
29

30
31

32
33

SS

34
35
36
37
38
39

40
41
42
43
44
45
46
47
48
49

50
51
52
53

EA
S5

55
56
57
58
59

60

Sin

0.224
.225
225
225
226
226
226
226
227
227

0.227
228
228
228
228
229
.229
229
.230
.230

0.230
230
.231
231
231
232
232
232
232
233

0.233
.233
234
.234
.234
.234
.235
.235
235
.235

0.236
236
.236
237
237
237
.237
.238

238
238

0.239
.239
239
.239

240
LU

.240
.240
.24
241
241

0.241

951
234
518
801
085
368
651
935
218
501

784
068
351
634
917
200
484
767
050
333

616
899
182
465
748
031
314
587
880
163

445
728
on
294
577
859
142
425
708
9290

273
556
838
121
403
686
268
251
533
816

098
381
663
946

270
£40

510
793
075
357
640

922

Sin

Table A-1. Natural trigonometric functions (continued)

4"

4.72
4.73
472
4.73
472
472
4.73
472
4.72
4.72

4.73
472
4.72
472
472
4.73
4.72
4.72
472
472

4.72
4.72
4.72
472
4.72
4.72
4.72
4.72
4.72
4.70

4.72
4.72
4.72
4.72
4.70
4.72
472
4.72
4.70
4.72

4.72
4.70
4.72
4.70
4.72
4.70
4.72
4.70
472
4.70

4.72
4.70
4.72
4.70

ATD
SV

4.72
4.70
4.70
4.72
4.70

Tan

0.230
.231
231
231
232
232
232
.233
.233
.233

0.233
234
234
234
.235
.235
.235
236
.236
.236

0.237
.237
237
237
.238
.238
238
.239
.239
.238

0.240
.240
.240
241
241
241
241
.242
242
242

0.243
.243
.243
.244
.244
.244
.245
245
245
245

0.246
.246
.246
.247

A7
5

247
.248
.248
.248
.249

0.249

868
175
481
788
094
401
707
014
321
627

934
241
548
855
162
469
776
083
390
697

004
312
619
926
234
541
848
156
464
7

079
386
694
002
310
618
925
233
541
849

167
466
774
082
390
698
007
315
624
932

241
542
858
166

ATE
5/3

784
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401
710
018
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80
30
81

33
87
42
98
56
15
75
37

64

30
97
65

9 34

05
77
50
25
01
78

56
36
16
99
82
66
52
39
27
16

07
99
92
86
81
78
76
74
74
76

9.58
9.53
9.52
9.50
9.48
9.45
9.42
9.40
9.38
9.35

9.33
9.32
9.28
9.27
9.23
9.22
9.20
9.17
8.15
913

9.10
9.08
9.07
9.03
9.02
9.00
8.97
8.95
8.93
8.90

8.88
8.87
8.85
882
8.80
8.78
8.75
8.73
8.72
8.70

8.67
8.67
8.62
8.62
8.60
8.57
8.55
8.63
8.52
8.48

8.47
8.45
8.43

8.42
828

SO0

8.37
8.37
8.33
8.30
8.30

Cos

0974
974
974
974
974
974
973
973
973
973

0.973
.973
973
973
973
973
973
973
.873
973

0.973
972
972
972
972
972
972
972
972
.8972

0.972
.972
.972
972
.972
972
971
971
97
971

0.97M
.87
.87
a7
971
971
971
971
971
97

0.970
970
970
970
.970
.970
970
.970
.970
970

0.970

370
305
239
173
108
042
976
910
844
778

712
645
579
512
446
379
313
246
179
112

045
978
911
843
776
708
641
573
506
438

370
302
234
166
098
029
961
893
824
755

687
618
549
480
411
342
273
204
134
065

995
926
856
786
716
647
577
506
436
366

296

Cos

FM 5-233

a4
1.08 60
1.10 59
1.10 58
1.08 57
1.10 66
1.10 65
1.10 54
1.10 53
1.10 52
1.10 51
1.12 50
1.10 49
112 48
1.10 47
112 46
1.10 45
112 44
112 43
112 42
112 41
1.12 40
1.12 39
1.13 38
112 37
1.13 36
112 35
1.13 34
1.12 33
1.13 32
1.13 3
113 30
113 29
1.13 28
113 27
1.15 26
1.13 25
1.13 24
1.6 23
1.15 22
1.13 21
1.15 20
115 19
1.156 18
1.16 17
1.16 16
1.6 15
1.16 14
1.17 13
1.16 12
117 N
1.16 10
117 09
1.17 08
117 07
1.16 06
1.17 05
1.18 04
117 03
1.17 02
1.17 o1

00
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Table A-1. Natural trigonometric functions (continued)

14¢°
Sin d.” Tan d."” Cot d.” Cos d.”
(o]0} 0.241 922 4.70 0.249 328 5.15 4.010 78 8.27 0.870 296 1.18 60
01 .242 204 4.70 .249 637 5.15 .006 82 8.27 970 225 1.17 59
02 242 486 472 .249 946 5.15 .000 86 8.23 970 155 1.18 58
03 242 769 4.70 .250 255 5.15 3.995 92 8.22 .970 084 117 57
04 .243 051 470 .250 564 5.15 §50 88 8.20 870 014 1.18 58
05 .243 333 4.70 .250 873 5.17 986 07 8.17 969 943 1.18 55
06 .243 615 470 .261 183 5.15 981 17 8.17 969 872 1.18 54
07 243 897 4.70 .251 492 5.16 976 27 8.13 969 801 1.18 53
08 244 179 4.70 .251 801 5.17 971 39 8.13 969 730 1.18 52
08 244 461 4.70 2562 111 5.15 966 51 8.10 969 659 1.18 51
10 0.244 743 4.70 $.252 420 5.15 3.861 65 8.08 0.969 588 1.18 50
1 .245 025 4.70 .252 729 5.17 956 80 8.07 969 517 1.20 49
12 245 307 4.70 253 039 5.15 951 96 8.05 969 445 1.18 48
13 245 589 4.70 253 348 517 947 13 8.02 969 374 1.20 47
14 245 871 4.70 253 658 517 942 32 8.02 969 302 1.18 46
15 246 153 4.70 253 968 5.15 937 51 8.00 969 231 1.20 45
16 246 435 4.70 254 277 517 932 71 7.97 969 159 1.18 44
17 2486 717 4.70 254 587 5.17 927 93 7.95 .G85 088 .20 43
i8 246 999 4.70 254 897 517 923 16 7.95 969 016 1.20 42
19 247 281 470 255 207 5.18 918 39 7.92 968 944 1.20 41
20 0.247 563 4.70 0.255 516 5.17 3.913 64 7.90 0.968 B72 1.20 40
21 247 845 4.68 255 B26 5.17 908 90 7.88 .368 800 1.20 39
22 248 126 4.70 256 136 5.17 904 17 7.87 .968 728 1.22 38
23 248 408 4.70 256 446 5.17 855 45 7.85 868 655 .26 37
24 248 690 4.70 256 756 5.17 894 74 7.83 .968 583 1.20 36
25 248 972 4.68 257 066 5.18 890 04 7.80 .968 511 1.22 35
26 249 253 4.70 257 377 517 885 36 7.80 .968 438 1.20 34
27 249 535 4.70 257 687 5.17 880 68 7.78 .868 366 1.22 33
28 249 817 4.68 257 897 517 876 01 7.75 .968 293 1.22 32
29 250 098 4.70 258 307 5.18 871 36 7.75 .968 220 1.20 31
30 0.250 380 4.70 0.258 618 5.17 3.866 71 7.72 0.968 148 1.22 30
31 .250 662 4,68 .258 928 5.17 .862 08 7.72 968 075 1.22 29
32 250 943 4.70 259 238 5.18 857 45 7.68 968 002 1.22 28
33 251 225 4.68 259 549 517 852 84 7.67 967 929 122 27
34 251 506 4.70 259 859 5.18 848 24 7.67 967 856 1.23 26
35 251 788 468 260 170 5.17 843 64 7.63 967 782 1.22 25
36 .252 069 4.70 .260 480 5.18 839 06 7.62 967 709 i.22 24
37 252 351 4.68 260 791 5.18 834 49 7.62 967 636 1.23 23
38 252 632 470 261 102 5.18 829 g2 7.58 967 562 122 22
39 252 914 468 261 413 5.17 825 37 7.57 967 489 1.23 21
40 0.253 195 4.70 0.261 723 5.18 3.820 83 7.55 0.967 415 1.22 20
41 253 477 4.68 .262 034 5.18 816 30 7.55 967 342 1.23 19
42 .253 758 4.68 262 345 5.18 8ii 77 7.52 567 268 .23 18
43 .254 039 4.70 .262 656 5.18 807 26 7.50 967 194 1.23 17
44 .254 321 468 262 987 5.18 802 78 7.48 967 120 123 186
45 .254 602 468 .263 278 5.18 798 27 7.48 967 046 1.23 15
46 .254 883 4.70 .263 589 5.18 .793 78 7.45 966 972 1.23 14
47 2565 1865 4.68 263 900 5.18 .789 31 7.43 966 898 1.25 13
48 .255 4486 4.68 264 211 5.20 .784 85 7.42 .966 823 1.23 12
49 .255 727 4.68 .264 523 5.18 .780 40 7.42 .966 749 123 11
50 0.2566 008 4.68 0.264 834 5.18 3.775 95 7.38 0.966 675 125 10
51 .256 289 4.70 265 145 5.20 771 62 7.38 .966 600 123 09
52 .256 571 4.68 265 457 5.18 .767 09 7.35 966 526 1.25 08
53 .256 852 4.68 .265 768 518 .762 68 7.33 966 451 1.256 07
54 257 133 4.68 .266 079 5.20 .758 28 7.33 966 376 125 06
55 257 414 4.68 .266 391 5.18 .753 88 7.30 966 301 1.25 05
56 257 695 4.68 .266 702 5.20 749 50 7.30 966 226 1.25 04
57 .257 876 4.68 267 014 5.20 745 12 7.28 966 151 125 03
58 .258 257 4.68 267 326 5.18 .740 75 7.25 966 076 1.256 02
59 .258 538 4.68 267 637 5.20 .736 40 7.25 .966 001 1.25 O
60 0.258 819 0.267 949 3.732 05 0.965 926 o]¢]
Sin d.” Tan d.” Cot d” Cos d.”
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Table A-1. Natural trigonometric functions (continued)

4.68
4.68
4.68
4.68
4.68
4.68
4.67
468
4.68
4.68

4.67
468
4 68

£.55

4.68
4.67
4.68
4.67
4.68
4.68
4.67
4.68
4.67
4.68
4.67
4.68
4.67
467
468
4.67
4.67

4.68

A&7
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4.67
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4.67
4.67
4.67
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467
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4.65
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4.67
4.65

Tan

0.267
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Table A-1. Natural trigonometric functions (continued)

16°
Sin d.” Tan d.” Cot d.” Cos
oo’ 0.275 637 467 0.286 745 5.25 3.487 41 6.37 0.961 262
o1 275 917 4.67 .287 060 525 .483 59 6.37 961 181
02 .276 197 465 .287 375 5.25 479 77 6.35 961 101
03 276 476 467 .287 690 525 475 96 6.33 961 021
04 .276 756 4.65 .288 005 5.25 472 16 6.32 960 940
05 277 035 4.67 .288 320 5.25 468 37 6.32 960 860
06 277 315 4.65 .288 635 525 464 58 6.30 960 779
07 277 594 4.67 .288 950 5.27 460 80 6.28 960 698
08 277 874 4,65 .289 266 5.25 457 03 6.27 .960 618
09 .278 153 4.65 .289 581 5.25 453 27 6.27 960 537
10 0.278 432 467 0.289 896 525 3.440 51 6.25 0.960 456
11 278 712 4.65 .290 211 527 445 76 6.23 960 375
12 .278 931 4.65 290 527 525 442 02 6.22 960 294
13 279 270 4.67 290 842 527 438 29 6.22 960 212
14 .279 550 4.65 291 158 525 434 56 6.20 960 131
15 279 829 4.65 291 473 5.27 430 84 6.18 .960 050
16 .280 108 4.67 291 789 5.27 427 13 6.17 959 968
17 .280 388 4.65 292 105 525 423 43 6.17 959 887
18 280 667 4.65 292 420 527 419 73 6.15 959 805
19 .280 946 4.65 .292 736 527 416 04 6.13 959 724
20 0.281 225 4.65 0.293 052 5.27 3412 36 6.12 0.959 642
21 281 504 465 .293 368 527 .408 63 6.12 959 560
22 .281 783 4 65 .293 684 527 .405 02 6.10 .959 478
23 .282 062 4.65 .294 000 5.27 401 36 6.08 959 396
24 .282 341 4.65 294 316 5.27 397 71 6.08 959 314
25 .282 620 4,67 .294 632 5.27 .394 06 6.07 959 232
26 .282 900 4.65 294 948 5.28 .390 42 6.05 .959 150
27 .283 179 463 .295 265 5.27 .386 79 6.03 959 067
28 .283 457 4.65 .295 581 5.27 383 17 6.03 .958 985
29 .283 736 465 295 897 5.27 379 65 6.02 .958 902
30 0.284 015 4.65 0.296 213 5.28 3.375 94 6.00 0.958 820
31 .284 294 4.65 .296 530 5.27 372 34 5.98 .958 737
32 .284 573 4.65 .296 846 5.28 .368 75 5.98 958 654
33 .284 852 4.65 297 163 5.28 .365 16 5.97 858 672
34 .284 131 4.65 297 480 5.27 .361 58 5.97 .958 489
35 .285 410 4.63 .297 796 5.28 .358 00 5.95 .958 406
36 .285 688 4.65 .298 113 5.28 .354 43 5.93 .958 323
37 .285 967 4.65 .298 430 5.28 .350 87 592 .958 239
38 .286 246 4.65 .298 747 5.27 .347 32 592 958 156
39 .286 525 463 .299 063 5.28 .343 77 5.90 .958 073
40 0.286 803 4.65 0.299 380 5.28 3.340 23 5.88 0.957 990
41 287 082 4.65 .299 697 5.28 .336 70 5.88 .957 906
42 287 361 4.63 .300 014 5.28 333 17 5.87 957 822
43 .287 639 4.65 .300 331 5.30 .329 65 5.85 957 739
44 .287 918 4.63 .300 649 5.28 .326 14 583 .957 655
45 .288 196 4.65 .300 966 5.28 322 64 5.83 957 571
46 .288 475 463 .301 283 5.28 319 14 5.82 957 487
47 .288 753 4.65 .301 600 5.30 .315 65 5.82 957 404
48 .289 032 463 .301 918 5.28 312 16 5.80 967 319
49 289 310 4.65 .302 235 5.30 .308 68 5.78 .967 235
50 0.289 589 463 0.302 553 5.28 3.305 21 5.78 0.957 151
51 .289 867 4.63 .302 870 5.30 .301 74 5.75 .957 067
52 .290 145 4.65 .303 188 5.30 .298 29 5.77 .956 983
53 290 424 4.63 .303 506 5.28 .294 83 5.73 956 898
54 .290 702 4.65 .303 823 5.30 291 39 5.73 956 814
55 .290 981 4.63 .304 141 5.30 .287 95 5.72 956 729
56 .291 259 4.63 .304 459 5.30 .284 52 572 956 644
57 .291 537 4.63 .304 777 5.30 .281 09 5.70 .956 560
58 .291 815 4.65 .305 095 5.30 277 67 5.68 956 475
59 292 094 4.63 .305 413 5.30 274 26 5.68 .956 390
60 0.292 372 0.305 731 3.270 85 0.956 305
Sin d.” Tan d.” Cot d.” Cos
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Table A-1. Natural trigonometric functionas (i

4.63
4.63
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462
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3.270
.267
.264
.260
.257
.253
.250
.247
.243
.240

3.237
.233
.230
227
.223
.220
217
.213
.210
.207

3.204
.200
197
194
RE:
.187
184
181
178
174

37
168
165
161
158
.155
152
149
.146
142

3.139
136
133
130
127
124
120
177
114
A1

3.108
.105
.102
.099
.096
.092
.089

85
45
06
67
29
92
55
19
83
49

14
81

48
15
84
53
22
92
63
34

06
79
52
26
00
75
51
27
04
81

59
38
17
97
77
58
40
22
05
88
72
56
41
27
13
00
87
75
64
53

42
32
23
14
06
98
91

5.67
5.65
5.65
5.63
5.62
5.62
5.60
5.60
5.67
5.68

5.65
5.55
5.565
562
5.52
5562
5.50
5.48
548
5.47

5.45
5.45
543
543
5.42
5.40
5.40
5.38
5.38
5.37

5.35
5.35
5.33
5.33
5.32
5.30
5.30
5.28
5.28
5.27

5.27

5.25
523

5.23
522
5.22
5.20
5.18
5.18

5.18

5.17
5.15
5.15
5.13
5.13
5.12
5.10
5.10
5.10
5.08

ntinued)

SESISEST R

Cos

0.956
.956
.956
.956
.955
955
955
955
.955
.955

0.955
.955
.955
.955
.955
.955
.954
.954
.984
954

0.954
.954
.954
.954
.954
.954
.954
.963
.953
.963

0.953
.963
.953
9563
963
953
953
953

305
220
134
049
964
879
793
707
622
536

450
364
278
192
106
020
934
847
761
674

588
501
414
327
240
163
066
979
892
804

77
629
542
454
366
279
191
103

FM 5-233
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-
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ww

1.43
1.43
143
1.43
145
143
145
1.43

1.45
1.45
1.45
145
1.45
1.45
1.45
1.45
1.47
1.45

1.47
1.45
1.47
1.47
1.45
1.47
1.47
1.47
1.48
1.47
1.47

148
147

L

148
1.47
1.48
148
1.48
1.48
1.48

1.48
1.48
148
1.50
1.48
1.50
1.48
1.50
1.50
1.48

60’

58
57
56
55
54
53
52
51

50
49
48
47
46
45
44
43

41

40
39
38
37
36
35
34
33

31

30
29
28
27
26
25
24
23
22
21
20

19
18

[ X+

17
16
15
14
13

1

10
09
08
07
06
05
04
03
02
o1

00
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s

00
01
02

C4
05
06
o7
o8
09

A-20

Sin

0.308
.309
.309
.309
310
.310
.310
310
.31
31

0311
312
312
312
312
313
313
313
313
314

0.314
314
315
.315
315

2%C
RCR RV

316
.316
.316
317

0.317
317
317
318
318
318
318
319
319
319

0.320
.320
.320
.320
321
321
321
321
.322
322

0.322
323
323
.323

323
324
324

324

3256
0.325

017
294
570
847
123
400
676
953
229
506
782
059
335
611
888
164
440
7id
992
269

545
821
097
373
649
825
201
477
753
029

305
580
856
132
408
684
959
235
511
786

062
337
613
889
164
439
715
990
266
541

816
092
367
642
817
193
468
743
018
293

568

Table A-1. Natural trigonometric functions (continued)

4.62
4.60

462
4.60
4.60
4.62
4.60
4.60
4.60
4.860
4.62
4.60

4.60
4.60
4.60
4.60
4.60

AN
sV

4.60
4.60
4.60
4.60

458
4.60
4.60
460
4.60
4.58
4.60
4.60
4.58
4.60

4.58
4.60
4.60
458
4.58
4.60
4.58
4.60
4.58
458

4.60
4.58
4.68
4.58
4.60
458
4.58
4.58
4.58
458

0.344 328

18°

.048
.845
943
.840
.837
.934

2931
.929
926
923

an
TLV

917
9156
912

~n

3]
64
60
57
54
52
50
49
49
49

49

68

[¢1]

e

5.07
5.05
5.056
5.03
6.03
5.02
5.00
5.00
5.00

4.98
4.97
4.97
4.97
4.93
495
4.93
492
492
490

490
4.88
4.88
4.87
4.87

A OR
.00

483
4.85
4.82
483

4.80
4.80
4.80
478
4.78
4.77
4.77
4.75
475
4.73

4.72
4.73
4.70
4.72
4.68
4.70
4.68
4.67
4.67
4.65

4.65
4.63
4.63
4.63

ACD
4.0L

4.60
4.62
4.58
458
4.58

0.948

946
946
.946
946

0.946
946
946
946
846
945
945
945
.945
.945

0.945

368
274
180

noe
Uoo

991
897
802
708
613

519

Cos

[ G Y

- e e
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00’

10

20

Sin

0.325
.325
326
.326
.326
.326
327
327
327
.328

0.328
.328
.328
329
329
329
.329
.330
330
330

0.331
331
331
.331
.332
332
332
332
333

568
843
118
393
668
943
2i8
493
768
042

317
502
867
141
416
691
965
240
514
789

063
338
612
887
161
435
710
984
258

Table A-1. Natural trigonometric functions (continued)

d.”

4.58
4.58
4.58
4.58
4.58
4.58
4.58
4.58
4.57
4.58

4.58
4.58
4.57
458
4.58
4.57
458
4.57
4.58
4.57

4.58
4.57
4.58
4.57
4.57
4.58
4.57
457
4.58
457

457
457
457
4.57
4.58
4.57
4567
457
4.67
4.55

457

457
457

S.37

4.57
4.57
4.55
4.57
4.57
4.57
455

457
4.55

457
4.55
4.57
455
4.55
4.57
455

Tan

0.344
344
.344
.345
.345
.345
.348
.346
.346
.347

0.347
.347
.348
348
.348
.349
.349
.349
.380
.360

0.350
.351
.361
.351
.362
.362
.3562
.363
.363
363

0.354
.354
.354
355
.366
355
.366
356
.356
.367

0.357

.367
3[R

LI3T

.358
.368
.359
359
359
.360
.360

0.360
.361
361
.361
.361
.362
.362
.362
.363
.363

0.363

328
653
978
304
630
955
281

607
933
259

585
911
237
563
889
216
542
868
185
522

848
175
502
829
156
483
810
137
464
791

119
446
773
101
429
756
084
412
740
068

396

724
052

vod

380
708
037
365
694
022
351

679
008
337
666
995
324
653
982
3i2
641

970

Tan

5.42
5.42
5.43
5.43
5.42
5.43
5.43
5.43
5.43
5.43

543
5.43
5.43
5.43
5.45
5.43
543
5.45
5.45
5.43

5.45
5.45
5.45
5.45
5.45
5.45
5.45
5.45
5.45
5.47

5.45
5.45
5.45
5.47
5.45
5.47
65.47
6.47
5.47
5.47

5.47

5.47
547

257

5.47
5.48
5.47
5.48
5.47
5.48
547

5.48
5.48
5.48
5.48
5.48
548
5.48
5.50
548
5.48

1g°

2.772
.770
.767
.764
.762
.759
757
.754
752
.749

2.747

Cot

02
45

faie]
A«

33
78
23
69
14
61
07

54
02
50
98
47
96
46
96
46
97

48

4.

4.57
4.57
4.55
4.55
453
453
4.53
452
4.50
4.50

450
4.48
4.48
4.47
4.47
4.45
4.45
4.45
4.43
4.43

4.42
4.40
4.42
4.40
4.38
4.38
4.38
4.37
4.35
437

4.35
4.33
4.33
4.33
4.32
4.30
4.32
4.30
4.28
4.28

4.28
4.27
427

.47

4.25
4.25
4.23
4.25
4.22
4.23
4.22

4.20
4.20
4.20
4.18
418
417
4.17
417
4.15
4.15

Cos

0.945
.945
.945
.945
.845
.945
944
944
944
944

0.944
.944
.944
.944
.944
944
.943
.943
.943
.943

0.943
.843
.943
.943
.943
.943
.943
942
.942

0.939

619
424
329
234
189
044
948
854
758
663

568
472
376
281
185
089
983
897
801
705

609
512
416
319
223
126
029
932
836

2 739

641
544
447
350
252
155
057
960
862
764

666

569
471

&1

372
274
176
078
979
881
782

684
585
486
387
288
189
090

693

Cos
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00’
01

02
03
04
05
06
07
08
09

10
1
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39

40
41
42
43
44
45
46
47
48
49

50
51
52
63
54
55
66
57
58
59

60

A-22

Sin

0.342
.342
342
.342
.343
.343
.343
.343
.344
.344

0.344
.345
.345
.345
.345
.346
.346
.346
.346
.347

0.347
.347
348
.348
.348
.348
.349
.349
349
.349

0.350
.350
.350
.361
3561
.361
361
.352
.352
.352

0.352
.353
.383
.363
.364
.354
.354
.354
.355
366

0.355
.355
.356
.356
.356
367
.357
.357
.357
.358

0.358

020
293
567
840
13
387
660
933
206
479

752
025
298
571
844
117
390
663
936
208

481
754
027
299
572
845
17
390
662
935

207
480
752
025
297
568
842
114
386
658

931
203
475
747
019
291
563
835
107
379

651
923
194
466
738
010
281
5563
825
096

368

Sin

Table A-1. Natural trigonometric functions (continued)

4.55
4.57
4.565
4.55
4.57
4.55
4.55
4.55
4.55
4.55

4.55
4.55
4.55
455
4.55
4.55
4.55
4.55
4.53
4.55

4.55
4.55
4.53
4.55
4.55
4.53
4.55
4.53
4.55
4.53

4.55
4.53
4.55
4.53
4.53
4.55
4.53
453
4.53
4.55

453
4.53
4.53
4.53
453
453
453
453
4.53
453

4.53
452
453
4.53
4.53
4,52
453
453
4.52
453

Tan

0.363 970
.364 300
.364 629
.364 959
.365 288
.365 618
.365 948
.366 278
.366 608
.366 938

0.367 268
.367 598
.367 928
368 259
.368 589
.368 919
.369 250
.369 581
.369 911
.370 242

0.370 573
.370 904
.371 235
.371 566
371 897

4.

550
5.48
5.60
5.48
5.50
5.60
5.50
5.60
5.60
5.50

5.50
5.50
5.52
5.50
5.50
5.562
562
5.52
5.62
5.62

5.62
552
5.62
5.62
5.62
5.62
5.62
5.563
5.52
5.63

5.52
5.53
5.53
5.52
5.53
5.63
5.63
5.53
5.55
5.53

5.53
5.55
5.63
5.66
5.63
5.65
5.55
5.63
5.65
5.65

6.55
5.55
6.57
5.65
5.65
5.67
5.55
5.55
5.55
5.57

20°

Cot

2.747
744
742
.740
737
735
732
.730
727
725

2.722
720
17
718
713
710
.708
.708
703
.700

2.698
.696
.693
.691
.688
.686
.684
.681
.679
676

2674
672
669
667
665
.662
.660
658
.655
.663

2.651
.648
.646
.644
.641
.639
.637
634
632
630

2627
.625
.623
.621
618
616
614
611
.609
.607

2.605

477
993
512
035
562
093
628
167
710
257

808
362
920
483
049
619
192
770
351
936

525
1ms
715
315
919
527
138
754
372
995

621
252
885
523
164
809
457
109
765
424

087
753
423
097
774
455
139
827
519
214

912
614
320
029
741
457
177
900
626
356

089

Cot

a4

41.40
41.35
41.28
41.22
41.15
41.08
41.02
40.95
40.88
40.82

40.77
40.70
40.62
40.57
40.50
40.45
40.37
40.32
40.25
40.18

4012
40.05
40.00
39.93
39.87
39.82
39.73
39.70
39.62
39.57

39.48
39.45
39.37
39.32
39.25
39.20
39.13
39.07
39.02
38.95

38.90
38.83
38.77
38.72
38.65
38.60
38563
38.47
38.42
38.37

38.30
38.28
38.18
38.13
38.07
38.00
37.95
37.90
37.83
37.78

Cos

0.939
.939
939
.939
939
939
939
.938
.938
.938

0.938
.938
.938
.938
.938
.938
.938
937
.937
.937

0.937
.837
937
937
.937
937
.937
936
.936
.936

0.936
936
936
836
936
.936
.936
935
935
.935

0.935

693
593
493
394
294
194
094
994
894
794

694
593
493
393
292
191
091
990
889
788

687
586
485
383
282
181
078
977
876
774

672
570
468
366
264
162
060
957
855
752

.935 547

.935
.935
.935
.935
935
.934
.934
934

0.934
934
.934
934
.934
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60’
59
58
57
56
55
54
83
52
51

50
49
48
47
46

a4
43

a1

40
39
38
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22
21

20
19
18

16
15
14
13
12
1"

10
09
08
07
06
06
04
03
02
01

00
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o0’
01

02
03
04
05
06
07
08
09

0.358
358
.368
.358

359

368
640
911
183
454

268
540
811

082
353
625
896
167
438
709
980
251
522

793
064
335
606
877

Table A-1. Natural trigonometric functions (continued)

o

4.53
452
4.53
4.52
4.52
4.5C
4.52
4.53
452
4.52

452
453
452
4.52
4.52
4.82
452
452
452
452

452
452
4.52
452
452
4.50
4.52
452
452
4.50

4.52
4.50
452
4.52
4.50
4.52
4.50
4.50
4.52
4.50

4.50
4.52
4.50
4.50
4.50
4.52
4.50
4.50
4.50
4.50
4.50
4.50
4.50
4.50
4.50
4.50
4.48
4.50
4.50
4.50

Tan
i

ar

0.383
.384
.384
.384
.385

864
198
532
866
200

5.68
5.60
5.58
5.60
5.58
5.60
5.60
5.60
5.58
5.60

5.62
5.60
5.60
5.60
5.62
5.60
5.62
5.60
5.62
5.62

5.60
65.62
5.62
5.62
5.63
5.62
5.62
5.62
5.63
5.62

5.63
5.63
5.63
5.62
5.63
5.63
5.63
5.65
5.63
5.63

21°

.498

2495
.493
491
489
487
485
.483
481
478
477

2.475

7 151

018
889
763
640
520
403
289
i78
o7

966
865
766
671
578
489
402
319
239
161

087

Tan

d”

Coan
LOs

0.933
933
933
933
933
933
932
.932
.932

.832
.832
932
.932
.932
832
831
931
931
931

0.931
931
.931
931
831
.930
.930

580
476
372
267
168
058
954
848
744
639

534
429
324
219
113
008

930 737

930
930

0.930
.830
.930
.930
929
.929
.929
.929
.829
928

929
.829
.929
.929
.928
.928
.928

o e e e e ma
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.80

60’
59
658
57
56
65

53
52
51

50

48
47
46
45
44
43
42
41

40
38
38
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22
21

20

19

17
16
15
14
13
i2
1
10
09
08
07
06
05
04
03
02
01
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A-24

Sin

0.374
374
375
.375
.375
375

78
A

376
.376
377

0.377
377
377
.378
.378
.378
.378
.379
379
379

0.379
.380
.380
.380
381
.381
.381
.381
.382
.382

0.382
382
.383
.383
383
384
.384
.384
384
.385

0.385
.385
385
386
.386
.386
.386
.387
.387
.387

0.388
.388
.388
.388
.389
.389
.389
.389

20N
IY

.390
0.390

607
876
146
416
685
955

2924
“és

494
763
033

302
571
841
110
379
649
918
187
456
725

994
263

532
801
070
339
608
877
146
415

683
952
221
490
758
027
295
564
832
101

369
638
906
174
443
711
979
247
516
784

052
320
588
856
124
392
660
928

108
190

463
731

Cos

Table A-1. Natural trigonometric functions (continued)

4.48
4.50
4850
4.48
4.50
4.48

A RD

5.0V

4.48
4.50
4.48

4.48
4.50
4.48
4.48
4.50
4.48
4.48
448
4.48
4.48

4.48
448
448
4.48
4.48
4.48
4.48
4.48
4.48
4.47

4.48
448
4.48
4.47
4.48
4.47
4.48
4.47
4.48
4.47

4.48
4.47
4.47
448
4.47
a.47
4.47
4.48
4.47
4.47

4.47
4.47
4.47
4.47
4.47
4.47
4.47
4.47

4 AR
.40

4.47

Tan

0.404 026
404 365
.404 703
405 042
.405 380
405 719

ANR NRQ
SUT VOO

406 397

420 704

0.421 046
421 389
421 731
422 074
422 417
422 759
423 102
423 445

A272 7980
&HidS io0

424 132
0.424 475
Cot

22°

Cot

2475
473
470
468
466

464
462

AT

460
458
456

2454
452
450
.448
446
444
442
440
438
436

2434
432
430
428
426
424
422
420
418
416

2414
412
410
.408
.406
404
.402
.400
398
.396

2.394
.392
.390
.388
.386
.384
.382
.380
.378
.376

2.375
.373
371
.369
.367
.365
.363
.361

250
- 1elv)

.357
2.355

087
015
947
882
819

760
202

Ve

649
599
551

506
464
425
389
356
326
298
274
252
233

217
204
194
186
182
180
181
185
192
201

214
229
247
267
291
317
346
377
412
449

489
532
577
625
676
726
786
844
906
970
037
107
179
254
332
412
495
580

8RR

TTo

759
852

Ten

Cos

0.927
927
926
.926
.920
826

Q28

LT

.926
.926
.926

0.926
.925
.925
925
.925
.925
.925
925
925
925

0.924
924
.924
924
.824
824
.824
924
924
.923

923
923
.923
923
923
923
923
923
.922
.922

0.922
922
.922
922
.922
.922
922
921
921
a1

0.92i
921
921
o
921
a1
.920
.920

an

B2 AV}

.920
0.920

184
076
966
857
747
638

524

SeT

419
310
200

090
980
87
761
651
541
430
320
210
098

989
878
768
657
546
435
324
213
102
991

880
768
657
545
434
322
210
098
986
875

762
650
538
426
313
201
088
976
863
750

ama

638
525
412
299
185
072
959

845
732

id&

618
505

Sin
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00’
01

02
03
04
05
06
07
08
09

10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39

a0
41

42
43
44
a5
46
47
a8
49

50
51
52
53
54
55
56
57
58
59

60

Sin

0.390
.390
391
.391
391
.392
.392
.392
.392
.393

0.393
.393
.393
.394
.394
.394
.395
.395
.395
.395

0.396
.396
.396
.396
.397
.397
.397
397
.398
.398

0.398
.399
.399
.393
.399
.400
400
.400
.400
401

0.401
401
401
.402
.402
.402
403
.403
.403
.403

0.404
404
.404
.404
.405
405
405
405
406
406

0.406

731
999
267
534
802
070
337
605
872
140

407
675
942
209
477
744
o1l
278
546
813

080
347
614
881
148
415
682
949
215
482

749
016
283
549
816
082
349
616
882
149

415
681
948
214
480
747
013
279
545
811

078
344
610
876
142
408
673
939
205
471

737

Sin

Table A-1. Natural trigonometric functions (continued)

a.47
4.45
447
4.45
a.47
4.45

4.47
4.45
4.45
4.47
4.45
4.45
4.45
4.47
4.45
4.45

4.45
4.45
4.45
4.45
4.45
4.45
4.45
4.43
4.45
445

4.45
4.45
4.43
4.45
443
4.45
4.45
4.43
4.45
4.43

4.43
4.45
4.43
4.43
4.45
4.43
4.43
4.43
4.43
4.45

4.43
4.43
4.43
4.43
4.43
4.42
443
4.43
4.43
4.43

Tan

0.424
424
425
425
425
426
426
426
.427
427

0.427
.428
.428
428
.429
429
429
430
.430
431

0.431
431
432
432
432
.433
433
433
434
434

0.434
435
435
435
436
436
436
437
437
437

0.438
.438
438
439
.439
.440
440
440
441
441

441
442
442
442
443
443
443
444
444
444

0.445

475
818
162
505
849
192
536
880
224
568

912
256
601
945
289
634
879
323
668
013

358
703
048
393
739
084
430
775
121
467

812
158
504
850
197
543
889
236
582
929

276
622
969
316
663
o1
368
705
053
400

748
095
443
791
139
487
835
183
632
880

229

Tan

4.

5.72
5.73
5.72
5.73
8.72
5.73
5.73
56.73
5.73
5.73

56.73
5.75
5.73
5.73
6.76
6.76
5.73
5.75
5.75
5.75

5.75
5.75
5.76
5.77
5.76
5.77
5.75
5.77
5.77
5.7

5.77
5.77
5.77
5.78
5.77
5.77
5.78
5.77
5.78
5.78

5.77
5.78
5.78
5.78
5.80
5.78
5.78
5.80
5.78
5.80

5.78
5.80
5.80
5.80
5.80
5.80
5.80
5.82
5.80
5.82

23°

Cot

2.355
.383
.362

.350
348

SRT

.346
344
342
.340
.338

2.336
.335
.333
.331
.329
.327
.325

2.281
279
278
276
274
272
270
.269
.267
.265

2.263
.261
.260
.258
.256
.254
.253
.251
.249
.247

2.246

852
495
047

148
252

L34

192
467
579
693
809

929
050
175
302
431
563
698

669
865
064
264
467
673
881
091
304
518

736
955
177
402
628

857

089
322
558
796

037

Cot

31
31
31
31
31
3
31
31

31

31
31
31
31
31
31
31
N

73
.68
.65
.60
87
52
47
43
31.
.33

32
.25
.22
.18
a3
.08
.05
02

30.97
30.92

30.88
30.85
30.80
30.75
30.72
30.68
30.63
30.60
30.55
30.50

30.48
30.43
30.38
30.35
30.30
30.27
30.23
30.18
30.15
30.12

30.07
30.02
30.00
29.95
29.90
29.87
29.83
28.78
29.77
29.70

29.68
29.63
29.58
29.57
29.52
29.47
29.45
29.40
29.37
29.32

Cos

0.920
920
820

.920
a20

R4V

918
919
.919
919
919

0919
919
919
919
818
918
918
918
918
918

0.918
918
917
917
917
917
917
917
917
917

0917
916
916
916
916
916
916
916
916
916

0.915
915
915
915
915
915
915
9156
914
914

0914
914
914
914
914
914
914
913
913
913

0.913

505
3N
277
164

ORN
oV

936
821
707
593
479

364
250
135
021
906
791
676
561
446
331

216
101
986
870
755
639
623
408
292
176

060
944
828
712
596
479
363
246
130
013

896
779
663
546
429
311
194
077
960
842

725
607
490
372
254
136
018
900
782
664

645

Cos
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1.82

1.92
1.92
1.93
1.92
1.93
1.93
1.92
1.93
1.93
1.93

1.93
1.93
1.93
1.95
1.93
1.93
195
1.93
1.95
1.95

1.95
1.93
1.95
195
1.97
1.95
1.95
1.95
197
195

1.97
1.95
1.97
1.97
1.97
1.97
1.97
1.97
1.97
1.98
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60’
59
58
57

E&
390

55
54
53
52
51

50
49
48
47
46
45
44
43
42
41

40
39
38
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22
21

20

18
17
16
15
14
13
12
11

10
09
08
07
06
05

03

02
01
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Qo'
o1

02
03
04
05
06
o7
08
09

10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39

40

A1
&1

42
43
44
45
46
a7
48
49

50
51
52
53
54
55
56
67
58
59

60

A-26

Sin

0.406
407
.407
.407
407
408
408
.408
408
409

0.409
.409
.409
410
410
410
410
411
41
411

0412
412
412
412
413
413
413
413
414
414

0414
414
415
415
415
416
416
416
416
417

0.417

aA17
S

417
418
418
418
418
419
419
419

0418
420
420
420
421
421
421
421
422
422

0422

737
002
268
534
799
065
330
596
861
127

392
658
923
188
454
719
984
249
514
779

045
310
575
840
104
369
634
899
164
429

693
958
223
487
752
016
281
545
810
074

338

/07

ouUS

867
131
396
660
924
188
452
716

980
244
508
772
036
300
563
827
091
355

618

Sin

Table A-1. Natural trigonometric functions (continued)

4.

4.42
4.43
4.43
4.42
4.43
442
4.43
442
4.43
4.42

4.43
442
4.42
443
4.42
442
4.42
442
4.42
4.43

442
4.42
442
4.40
4.42
4.42
442
4.42
4.42
4.40

4.42
4.42
4.40
4.42
4.40
4.42
4.40
442
4.40
4.40

4.42
440
4.40
4.42
4.40
4.40
4.40
4.40
4.40
4.40

4.40
4.40
4.40
4.40
4.40
4.38
4.40
4.40
4.40

438

Tan

0.445
445
445
446
446
446
447
447
448
448

0.448
449
449
449
450
450
450
451
.451
.451

0.452
452
452
453
453
453
454
454
455
455

0.455
.456
.456
456
457
.457
457
458
458
458

0.459
459

&SS0

.459
.460
460
461
461
461
462
462

0.462
463
463
463

229
577
926
275
624
973
322
671
020
369

719
068
418
768
117
467
817
167
517
868

218
568
919
269
620
971
322
673
024
375

726
078
429
781
132
484
836
188
540
892

244
RQR

COT

949
301
654
006
359
712
065
418

771
124
478
831

5.80
5.82
5.82
5.82
5.82
5.82
5.82
582
5.82
5.83

5.82
5.83
5.83
5.82
5.83
5.83
5.83
5.83
5.85
5.83

5.83
5.85
5.83
5.85
5.85
5.86
5.86
5.85
5.85
5.85

587
5.85
5.87
5.85
5.87
5.87
5.87
5.87
5.87
5.87

5.87
5.88

.50

5.87
5.88
5.87
5.88
5.88
5.88
588
5.88

5.88
5.90
5.88
5.90
5.88
5.50
5.90
5.90
5.90
5.90

24°

Cot

2.246
244
242
240
239
.237
.235
.233
232
.230

2.228
226
225
223
221
219
.218
216
214
213

2.211
.209
.207
.208
.204
.202
201
199
197
.195

2.194
192
190
.189
.187
.185
184
.182
.180
179

2.177
175
174
172
170
.169
167
.165
.164
.162

2.160
169
167
.165
.164
152
181
149
147
148

2.144

037
280
525
772
022
274
528
785
043
304

568
833
101
n
643
918
194
473
754
038
323
611
901
193
488
784
083
384
687
992

300
609
921

235
551

869
189
512
836
163

492
823
156
4381
828
168
509
853
198
546

896
248
602
958
316
676
038
402
768
402

507

Cot

Cos

0913
913
913
913
913
912
912
912
912
812

0912
912
912
912
g1
911
91
o1
911
911

0.911
o
.810
910
910
910
910
.810
910
910

0.909
.909
.909
.909
.909
.909
.909
.909
.908
.908

0.908
ana

RV -]

.808
.908
.808
.908
808
907
.907
.807

.907
.907
907

545
427
309
190
072
953
834
7156
596
477

358
239
120
001
88"
762
643
523
403
284

164
044
924
804
684
563
443
323
202
082

961
841
720
599
478
357
236
115
994
872

751
630
508
387
265
143
021
899
777
655

533
411
289
166

a
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1.98
1.98
2.00
2.00
1.98
2.00

2.00
2.00
2.00
2.00
2.02
2.00
2.00
2.02
2.00
202

2.00
2.02
2.02
2.02
2.02
2.02
2.02
2.02
2.03
2.02

2.02
2.03

L.09

2.02
2.03
2.03
2.03
2.03
2.03
203
2.03

203
2.03
2.05
2.03
2.03
2.05
2.05
2.03
2.05
2.05

60’
59
58
57
56
55
54
53
52
51

50
49
48
a7
46
48
44
43
42
41

40
39
38
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22
21

20
19

LR

18
17
16
15
14
13
12
11

10
09
08
o7
06
05
04
03
02
01
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55
56
57
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Table A-1. Natural trigonometric functions (continued)

25°

.060 944
.059 419
057 895
.066 373
.054 853
.0563 335
.051 818

04

w

50

©

2

Cot

27.13

27.08
2707

27.02
27.00
26.97
26.92
26.90
26.85
26.83

26.78
26.77
26.72
26.70
26.67
26.62
26.60
26.57
26.52
26.50
26.47
26.43
26.40
26.37
26.33
26.30
26.27
26.25
286.20
26.17

26.15
2812
26.07
26.05
26.02
25.98
25.95
25.92
25.90
25.85

Ar an

25.83
25.78
25.77
25.73
25.70
2568
25.63
25.62
25.57
25.55

25.52
2548
2547
2542
25.40
25.37
26.33
25.30
25.28
25.23

Cos

0.906

.906

ang
B9 ¢}

905
905
905
.905

308

185

NK2?
VoL

93¢
815
692
569
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Table A-1. Natural trigonometric functions (continued)

26°
Sin d" Tan d.” Cot d” Cos d”
00 0.438 371 437 0.487 733 6.00 2,050 304 25.22 0.898 794 213 60’
01 438 633 435 .488 093 6.00 048 791 3518 898 666 21z 58
02 438 894 435 .488 453 6.00 047 280 25.15 898 539 213 58
03 439 155 437 488 813 6.02 045 771 2513 898 411 213 57
04 439 417 435 489 174 6.00 044 263 2508 .898 283 212 56
05 439 678 435 489 534 6.02 042 758 2507 898 156 213 55
06 439 939 4.35 489 895 6.02 041 254 25.03 898 028 213 54
07 440 200 437 490 256 6.02 039 752 25.00 897 900 215 53
08 440 462 4.35 .490 617 6.02 .038 252 24 98 .897 77 213 52
09 440 723 4.35 .490 978 6.02 .036 753 24 95 .897 643 213 51
10 0.440 984 4.35 0.491 339 6.02 2.035 256 2450 897 515 213 50
11 441 245 435 491 700 6.02 033 762 24.90 897 387 215 49
12 441 506 435 492 061 6.02 032 268 2485 897 258 213 48
13 441 767 435 492 422 6.03 030 777 24.83 897 130 215 47
14 442 028 435 492 784 6.02 025 287 24.80 897 001 213 48
15 442 289 4.35 493 145 6.03 027 799 24.77 .896 873 216 45
16 442 550 4.33 493 507 6.03 026 313 2473 896 744 215 42
17 442 810 4.35 493 869 6.03 024 829 2472 896 6156 215 43
18 443 071 435 494 231 6.03 023 346 24 68 .896 486 213 42
19 443 332 4.35 494 593 6.03 .021 865 24.65 .896 358 215 41
20 0.443 593 433 0.494 955 6.03 2.020 386 24,62 0.896 229 217 40
21 443 853 435 495 317 6.03 018 909 24.60 896 099 215 39
22 444 114 4.35 .495 679 6.05 .017 433 24.57 .895 970 215 38
23 444 375 433 496 042 §.03 015 959 2453 895 841 215 37
24 444 635 4.35 495 404 6.05 .014 487 2452 .895 712 217 36
25 444 896 433 496 767 6.05 013 016 24.47 895 582 215 35
26 445 166 4.35 .497 130 6.03 .011 548 24.45 .895 4563 217 34
27 445 417 433 497 492 6.05 010 081 24.43 895 323 215 33
28 445 677 433 497 855 6.05 008 615 24.38 895 194 217 32
23 445 937 435 498 218 6.07 007 152 24.37 895 064 217 A
30 0.446 198 433 0.498 582 6.05 2.005 690 24.35 0.894 934 215 30
31 446 458 433 .498 945 6.05 .004 229 24 .30 .894 805 217 29
32 446 718 4.35 .499 308 6.07 002 771 2428 894 675 217 28
33 446 979 4.33 1499 672 6.05 2.001 314 24.25 .894 545 217 27
34 447 238 4.33 .600 035 6.07 1.999 859 2422 .894 415 218 26
35 447 499 4.33 600 399 6.07 998 406 24.20 894 284 217 25
36 447 759 433 500 763 6.07 996 954 2417 894 154 217 24
37 448 019 433 501 127 6.07 995 504 24.15 894 024 217 23
3s 448 279 4.33 501 491 6.07 994 055 24.10 894 894 218 22
39 448 539 433 501 855 6.07 992 609 24.08 893 763 217 2
40 0.448 799 4.33 0.502 219 6.07 1.991 164 24.07 0.893 633 218 20
41 449 059 4.33 502 683 6.08 .989 720 24.02 .893 502 218 19
42 449 319 4.33 502 948 6.07 988 279 24.00 893 371 217 18
43 449 579 433 503 312 6.08 986 839 23.98 893 241 218 17
44 449 839 4.32 503 677 6.07 .985 400 23.93 .893 110 218 16
45 450 098 4.33 .504 041 6.08 .983 964 23.92 .892 979 218 156
46 450 358 4.33 504 406 6.08 982 529 23.90 892 848 218 14
47 450 618 4.33 504 771 6.08 .981 085 23.85 .892 717 218 13
48 450 878 4.32 505 136 6.10 979 664 23.85 .892 586 218 12
49 451 137 4.33 505 502 6.08 978 233 23.80 892 455 220 M
50 0.451 397 4.32 0.505 867 6.08 1.976 805 2378 0.892 323 218 10
51 451 656 4.33 506 232 6.10 975 378 2375 892 192 218 08
52 .451 916 4.32 .506 598 6.08 973 953 2372 892 061 220 08
53 .4562 175 4.33 .506 963 6.10 972 530 23.70 891 929 218 07
54 452 435 432 507 329 6.10 971 108 23.68 891 798 220 06
55 452 694 432 507 695 6.10 969 687 23.63 851 666 220 05
56 .452 953 4.33 .508 061 6.10 968 269 23.62 891 534 220 04
57 453 213 4.32 508 427 6.10 966 852 23.60 891 402 220 03
58 453 472 4.32 508 793 6.10 965 436 23.55 891 270 218 02
59 453 731 432 509 159 6.10 964 023 2353 891 139 220 01
60 0.453 990 0.509 525 1.962 611 0.891 007 00
Sin d Tan d.” Cot d.” Cos d.”
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00’
01

02
03
04
05
06
07
08
(0]

10
11

12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29

30
3
32
33
34
35
36
37
38

39
40

a1

&1

42

A2
o

44
45
46

Ay

47
48
43
50
51

£9
QL

53
54
55
56
57
58
59

60

Sin

0.453
454
454
.454
.455
455
455
.455
.456
.456

9.456
456
457
.457
457
457
458
458
.458
458

0.459
.459
459
459
.460
460
460
460
461
.461

0.461
462
462
462
462

463
463

S£03

463

ALQ
403

.464
0.464

AGA

el

.464

AQE
03

.465
465
.465
466
.466
486

0.466
467
4867
.467
467
468
.468
468
468

469
0.469

990
250
508
768
027
286
6545
804
063
322

680
839
098
357
615
874
133
391
650
908

166
525
683
942
200
200
716
974
232
491

749
007
265
523
780
038

298

£330

554

Q19
Ols

069
327

[$:V.1

842
100
357
615
872
129

387
644

901
158
416
673
930
187
444
701
958
215

472

Sin

T

4.

4.35
4.32
4.32
4.32
4.32
4.32
4.32
4.32
4.32
4.30

4.32
4.32
432
4.30
4.32
4.32
4.30
4.32
4.30
4.30

4.32
4.30
4.32
4.30
4.30
4.30
4.30
4.30
432
430

4.30
4.30
4.30
4.28
4.30
4.30

a4 N

5.5V

4.30

A9Q
4.40

4.30
4.28

4130

q.oV

4.30

A 09
4.0

4.30
4.28
4.28
4.30
4.28
428

4.28
4.30
4.28
4.28
4.28
4.28
4.28
4.28
4.28

4.28

Tan

0.508
.509
510
510
.510
511
511
512
512
512

0.513
513
513
514
514
515
515
515
516
516

0.516
.b17
517
517
518
518
.519
.519
.519
.820

0.520
5620
521
.521
522
.522

5272
DL

523

£97
NDLo

523
0.524

BE2A4
Re P g

.525
525
525
526
526
4.28
527
527

0.527
.528

caoa

QL0

525
892
258
625
992
359
726
093
460
828

185
563
930
298
666
034
402
770
138
507

875
244
613
982
351
351
089
458
828
197

567
937
307
677
047
417

787
PG

158

£90
J£0

899
270

(V.1
]

012

a2
203

754
125
497
868
240

gi2

984
356

ana

L0

s

O NOOOOONODD DPODO O

N NN A = A = e b
O© OCOQO®MOOWMWO® 000~

27°

Cot

1.962
961
.959
.968
.956
.965
.954
.952
961
.949

1.948
.947
.945
.944
.943
941
.940
.938
937
936

1.934
.933
931
.930
.929

- .927

.926

.887
.886
.884
.883
.882

1.880

611
200
791
384
978
574
17
770
37N
973

677
183
790
398
oos
620
233
848
465
082

702
323
946
570
196
823
452

344
017
692
369
047

726

Cot

Table A-1. Natural trigonometric functions (continued)

Cos

0.891
.890
.890
.890
.890
.890
.890
.890
.889
.889

9.889
.889
.889
.889
.889
.889
.888
.888
.888

.888

0.888
.888
.888
.887
.887
.987
.887
.887
.887

.887
0.887
.886
886
.886
.886
.886

-Y-1-3
.QOU

.886

885
.885

0.885

acac
Q0T

.885
885
885
.884
.884
.884
884
.884
0.884
.884

B 1-203

.883
0.882

007
874
742
610
478
345
213
080
948
816

682
549
416
283
150
017
884
751
817
484

350
217
083
249
815
681

548
413
279
1AR

on
876
742
608
473
338

204
LU

069

534
799

664

E20
DLI

394
258
123
988
852
7i7
581
445
309
174

U3s

084
948

Cos

FM 5233

2.22
2.20
220
2.20
2.22
2.20
2.22
2.20
222
222

2.22
2.22
222
222
222
222

60’
69
58
57
56
56
54
53
52
51

50
49
48
47
46
45
44
43
42
41

40
39
38
37
36
35
34

kK]

oS

32

31
30
29
28
27
26
25

LY
4

23

22
21

20

10

18
i7
16
15
14
i3
12
"

10
09
08
07
06
05
04
03

01

A-29



A-30

FM 5-233

00’

A

B

50

©

‘484 046
484 301
484 555

0.484 810
Sin

Table A-1. Natural trigonometric functions (continued)

Tan

0.531

€29
Kol Fa

.5632

a9
09L&

.5633

709

naa
Voo

456
828
203
577
950
324
698
072
446

821

6 195

570
945
319

537 694

.653
.653

0.654

069
445
820

195
571
946
322
698
074
450
826
203
579

956
332
709

¢ 086

549
929

309

Tan

28°

Cot

1.880

270
07IT

.878
876
875
874
872
871
870
.868
1.867
866
864
.863
.862
.861
.859
.858
.857
.865

1.854
.853
8562
.860
.849
.848
.B46
.845
.844
.843

1.841
.840
.839
.837
.836
.835
.834
832
831
.830

1.829
.827
826
.825
824
822
821
.820
818

817

1.816
.815
813
.812
811
.810
.809
.807
.806
.805

1.804

726

ANT
U/

090
774
459
145
834
523
214
506
600
295
992
690
390
091
793
496
202
908

616
325
036
748
461

176
892
610
329
049

771
494
218
944
671
400
130
861
594
327
063
799
537
277
017
769
503
247
293

741

489
239
980
743
497
252
009
766
6526
285

048

Cot

d.” Cos
21.98 0.882 948
21.85 .882 811
2193 .882 674
21.92 882 538
21.90 882 401
21.85 882 284
21.85 .882 127
21.82 .881 990
21.80 .881 853
21.77 881 715
21.75 0.881 578
21.72 .881 441
21.70 .881 303
21.67 .881 166
21.65 .881 028
21.63 .880 891
2162 .880 753
21.57 .880 615
21.57 880 477
2153 .880 339
21.52 0.880 201
21.48 .880 063
21.47 .879 925
21.45 .879 787
21.42 .879 649
21.40 .879 510
21.37 .879 372
21.35 .879 233
21.33 .879 095
21.30 .878 956
21.28 0.878 817
21.27 878 678
21.23 .878 539
21.22 .878 400
21.18 878 261
2147 878 122
21.15 877 983
2112 877 844
2112 877 704
21.07 877 585
21.07 0877 425
21.03 877 286
21.00 877 146
21.00 .877 006
2097 .876 867
20.93 876 727
2093 876 587
20.90 876 447
20.87 .876 307
20.87 876 167
20.83 0.876 026
20.82 .875 886
20.78 .875 746
20.77 .875 605
20.75 .875 465
20.72 .875 324
20.72 .875 183
20.67 .875 042
20.67 .874 902
20.63 874 761

0.874 620

d.” Cos

a

NRNRNRNRONNNN
NWNRNMNDNONNODNDNDND
O 00~

60’
59
58
57
56
55
54
563
52
51

50
49
a8
47
46
45
44
43
42

41

40
39
43
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22

Pal

20
19
17
16
15
14
13
12
1"

10
09
08
07
06
05
04
03
02
01

00



30
31
32
33
34
35
36
37

0.492
492
492
493
493
493
.493
494
494
494

ey

0.454
495
495
495
495
.496

Ao
~4T0

496

Acc
S4T0

497

0.497
.497
.497
.498
498
498
.498
499
499
499

0.500

acna

2086
459
711
$64
217

AC0
409

722

aza
g

226

479
731

983
236
488
740
992
244
496
748

000

Sin

Table A-1. Natural trigonometric functions (continued)

4.23
4.23
4.2
4.23
4.23
423
4.25
4.23
4.23
4.23
4.23

4.23
4.23
4.22
4.23
4.23

A D2
.29

4.22
423
4.23

4.22
423
4.22
4.23
4.22
4.23
4.22
4.22
422
4.23

4.22
4.22
4.22
4.22
4.22
4.22
4.22
4.22
4.20
422

422
4.22
4.20
4.22
4.22
4.20

A22
$.L4

4.20

AN
“4.LV

4.22

4.20
4.20
4.22
4.20
4.20
4.20
4.20
4.20
4.20
4.20

Tan

0.554
.564
665
655
665

556
556
566
6567
657

559
.5659
.560

cen
Reiv18)

.560
561
561

0.561
.562
5662
563
563
.563
.564
.564
.565
.565

0.565
.566
566
.566
567
567
.568
568
568
569

noan

0.569
5670
570
.570

L]

D71

871
571
572

79
R-¥ s

573

0573
573
574
574
575
875
575
576
576
576

0.577

309
689
070
450
831
212
593
974
3556
736

o 1410

1o
499
881
263
645
027

ANO
SUg

791
174
556

939
322
705
088
471
8564
238
621
005
389

773
157
541

925
310
694
079
464
849
234

818
004
390
776
181
547

a2
IJIo

319

Inc
o

092

478
865
252
638
026
413
800
187
575
962

350

Tan

29°

Cot

1.804
802
.801
.800
799
797
796
795
794
792
751

.790
789
.788
.786
.785

204
AL

.783
781
.780

1.779
778
777
775
774
773
772
N
.769
.768

-

1.767
.766
.765
763
.762
761
.760
.759
757
756
.755
.754
763
762

—2en
.oV

.749

2A0
F40

747

TA0
e+

744

1.743
742
741
740
739
737
.738
735
134
.733

1.732

048
811
575
341
108
876
645
416
188
962
736

512
289
068
847
628

A1
AR

194
979
765

552
341
131
922
714
508
302
098
896
694

494
295
097
901
705
511
318
127
936
747

oo

fede b}
372
187
002
819
637
456
277

noa
vIo

921

745
5671
397
225
083
883
714
547
380
215

051

Cot

Cos

-.874
874
874
.874
874
873
874
873
873
873

A naa

56.873
873
872
872
872
.872

aTn
orc

872
872
.871

0.871
871
871
871
.B71
871
.870
.870
.870
.B70

0.870
.870
.870
.869
.869
869
.869
.869
.869
.869

.868
.868
.868
.868
.867

acT
.00/

.867

0.867
.867
.867
.867
.866
.866
.866
.866
.866

0.866

620
479
338
196
055
914
772
631
489
347

Aann

208
064
922
780
638
496

nEaA
D04

212
069
927

784
642
499
357
214
071
928
785
642
499

356
212
069
926
782
639
495
351
207
064

054
910

—ac
100

621

476
331
187
042
897
607
461
316
171

025

Cos

2.40

240
2.40
242

aoan
£.9Y

2.42
2.40

2.42

2.42
2.40
2.42
2.42
2.42
2,42
243
2.42
242
243

FM 5233

60’
59
58
57
56
55
54
53
52
51

49
48
47
46
45

2
44

43
42
41

40
39
38
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22
21

20
19
18
17
i6
15
14
13
i2

11

10
09
08
o7
06
05

03

02
01

A-31



FM 5-233

00’
01

02
03
04
05
06
07
o8
09

10
11

t2
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39

40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56
57
58
59

60

A-32

Sin

0.500
.500
.500
.500
.501
.501
.501
.501
.502
.502

0.502
.602
.503
.603
.503
.503
.504
.504
.604
.504

0.505
.505
505
.605
506
.506
506
.506
507
.507

0.507
.507
.508
.508
.508
.508
509
.509
509
509

0.510
510
510
510
511
511
511
511
512
512

0.512
512
513
513
513
513
514
514
514
514

0.515

000
252
504
756
007
259
511
762
014
266

517
769
020
271
523
774
025
276
528
779

030
281
532
783
034
285
535
786
037
288

538
789
040
290
541
791
041
292
542
792

043
293
543
793
043
293
543
793
043
293

543
792
042
292
541
791
040
290
639
788

038

Sin

Table A-1. Natural trigonometric functions (continued)

dr

4.20
4.20
4.20
4.18
4.20
4.20
4.18
4.20
4.20
4.18

4.20
418
4.18
4.20
4.18
4.18
4.18
4.20
4.18
4.18

4.18
4.18
4.18
4.18
4.18
417
4.18
4.18
4.18
417

4.18
4.18
417
4.18
417
417
4.18
417
417
4.18

417
4.17
417
417
417
417
417
4.17
417
4.17

4.15
417
417
4.15
417
4.15
417
4.15
4.17
4.15

Tan

0.577
577
.578
578
.578
579
579
.580
.580
.580

0.581
.5681
.582
.582
.582
.583
.583
.583
.584
.584

0.585
586
.685
.586
.586
.587
.587
.587
.588
.588

0.589
.589
.589
.590
.590
.69
.591
591
592
592

0.592
.693
.593
.594
.594
.594
.595
.595
.596
.596

0.596
.597
.597
.598
.598
.598
.599
.599
.600
.600

0.600

380
738
126
514
903
291

680
068
457
846

235
625
014
403
793
183
573
963
363
743

134
524
916
306
697
oss
479
870
262
653

045
437
829
221
613
0cé
398
791
184
577

970
363
757
150
544
937
331
725
120
514

208
303
698
093
488
883
278
674
069
465

861

Tan

6.47
6.47
6.47
6.48
6.47
6.48
6.47
6.48
6.48
6.48

6.50
6.48
6.48
6.50
6.50
6.50
6.50
6.50
6.50
6.52

6.50
6.52
6.52
6.62
6.62
6.52
6.62
6.53
6.52
6.53

6.563
6.53
6.53
6.563
6.55
6.53
6.65
6.565
6.55
6.55

6.65
6.57
6.65
6.57
6.565
6.57
6.567
6.68
6.57
6.57

6.568
6.568
6.68
6.58
6.58
6.58
6.60
6.58
6.60
6.60

30°

Cot

1.732
730
729
728
727
726
725
723
722
721

1.720
719
718
17
715
714
713
712
1
710

1.708
707
.706
.705
704
703
702
701
699
.698

1.697
.696
.695
.694
893
.692
690
.689
.688
.687

1.686
.685
.684
.683
.681
.680
.679
678
677
.676

1.675
674
.673
671
.670
.669
.668
667
.666
.665

1.664

051
888
726
565
406
248
091
935
780
626

474
322
172
023
875
728
583
438
295
153

012
872
733
595
459
323
189
056
924
793

663
534
407
280
165
031
908
786
665
545

426
308
192
077
962
849
737
626
616
407

299
182
086
982
878
776
674
574
475
377

279

Cot

4"

19.38
19.37
19.356
19.32
19.30
19.28
19.27
19.25
19.23
19.20

19.20
19.17
19.15
19.13
19.12
19.08
19.08
19.05
18.03
19.02

19.00
18.98
18.97
18.93
18.93
18.90
18.88
18.87
18.85
18.83

18.82
18.78
18.78
18.75
18.73
18.72
18.70
18.68
18.67
18.65

18.63
18.60
18.58
18.58
18.55
18.63
18.52
18.50
18.48
18.47

18.45
18.43
18.40
18.40
18.37
18.37
18.32
18.32
18.30
18.30

Cos

0.866
.865
.865
.865
.865
.865
.865
.865
.864
.864

0.864
.864
.864
.864
.863
.863
.863
.863
.863
.863

0.863
.862
.862
.862
.862
862
.862
.862
.861
861

0.861
.861
.861
.861
.861
.860
.860
.860
.860
.860

0.860
.860
.869
.859
.859
.856¢9
.856¢
.8569
.858
.858

0.858
0.858
.858
.8b8
.858
.857
.857
.857
.857
.8567

0.857

025
880
734
589
443
297
151
006
860
713

567
421
275
128
982
836
689
542
396
249

102
955
808
661
514
366
219
072
924
777

629
481

334
186
038
830
742
594
446
297

149
oo
852
704
555
406
258
109
960
811

662
513
364
214
065
9156
766
616
467
317

167

Cos

242
243
242
243
242
243
242
2.43
245
243

243
243
2.45
243
243
245
245
243
2.45
2.45

2.45
2.45
2.45
2.45
2.47
2.45
2.45
2.47
2.45
2.47

2.47
2.45
2.47
2.47
247
247
247
247
2.48
247

2.47
248
2.47
248
2.48
247
248
248
248
2.48

248
248
2.50
2.48
2.50
2.48
2.50
2.48
2.50
250

60’
59
58
57
56
55
54
53
52
51

50
49
48
47
46
45

43
42
a1

40
39
38
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22
21

20
19
18
17
16
15
14
13
12
"

10
09
08
07
06
05
04
03
02
01



00’

01
02
03
04
05
06
07
08
09

10

20

Table A-1. Natural trigonometric functions (continued)

FNF Y S
—-
ERTRTR

413

Tan

0.600 861

4.

6.60
6.60
6.60
6.60
6.62
6.62
6.60
6.62
6.62

6.63

6.62
6.63
662
6.63
6.63
6.63
6.63
6.65
6.63
6.65

6.63
6.65
6.65
6.67
6.65
6.65
6.67
6.67
6.67
6.67

6.67
6.67
6.68
6.67
6.68

F-y-Y-1
0.00

6.68
6.68
6.70

& aca
T.Go

6.70
6.70
6.70
6.70
6.70
86.70
6.72
6.70
6.72
6.72

6.72
6.72
6.73
6.72
6.73
6.73
6.73
6.73
6.73
6.73

31°

.642
641
.640
639
.638
637
636
635
633
.632

1.631

22n
ooV

.629
628
.627

-5 Y-
.0£0

625
624
.623

8292
.Oes

1.621
620
619
618
617
615
614
613
612
611

1.610
.609
.608
.607
.606
.605
.604
.603
.602
.601

1.600

113
030
949

6 869

789
71
634

558
482
408
335
263
192
122
053
985
918

852

202
o7

723
660
598

ca7
Q97

477
418
360

2012
VI

247
192
138
085
033
982
932
883
835
788

742
697
653
609
567
526
486
446
408
3N

336

Cot

Cos

0.857
857
.856
858
.856
.856
.856

aca
.00

.865
.855

167
017
868
718
567
417
267

447
117

966
816

4
250

248
250
252
250
2.50
250

aEn
£L.0&

250
252

2.50
252
2.50
252
2.52
252
252
252
252
2.53

252
262
2.63
2.562
263
252
253
253
2563
2.53

253

2 E9
£.53

253
2.53
2.55

262
£.33

2.65
263
2565

282

£33

255
255
2.55
255
2.55
255
255
255
257
255

255
257
257
255
257
257
257
257
257
257

FM 5-233
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FM 5-233

A-34

Table A-1. Natural trigonometric functions (continued)

4.12
412
4.10
4.12
410
412
4.30
410

A19
4.0

410

410
410
410
410
4.12
410
4.08
410
4.10
410

410
4,08
4.10
4.10
4.08
4.10
4.08
4.10
408
4.10

4.08
4.08
4.08

A 1D
S0V

4.08
408

4.08
4.08
4.08
4.08

4.08
4.07
4.08
4.08
4.07
4.08
4.08

any
E Ay

4.08
407

4.08
4.07
4.07
4.07
4.08
4.07
4.07
4.07
4.07

A~

4.uU7

Tan

0.624
.625
626
.626
.626
827
627

&0
Rora-)

628

0.628
629
629
630
.630
630
631
631
632
632

0.632
633
633
634
.634
635
635
635
636
636

0.637
637

637
5138

Bl 1]

.638
.639
639
.639
.640
640

0.641
.641
.641

b4l

642
643
.643

/44

O&5

.644

644 8

0.645
.645
.646
.646
.646

647 :

.647
.648
.648

nan

040

0.649

869
679
083
488
894
299
704

110
LAY

516

921
327
734
140
546
953
360
767
174
581

988
396
804
211
618
027
436
844
253
661

070
479
888

208
707
117
527
937
347
757

Tan

6.75
6.75
6.73
6.75
6.77
6.75

6.75
6.77

|77
G

6.75

6.77
6.78
6.77
6.77
6.78
6.78
6.78
6.78
6.78
6.78

6.80
6.80
6.78
6.80
6.80
6.82
6.80
6.82
6.80
6.82

6.82
6.82

6.83
8.82

C.54

6.83
6.83

6.83
6.83
6.83
6.83

6.86
6.85
6.83
6.85
6.87
6.85

6.85
587

S.&/

6.87
6.87

6.87
6.87
€.87
6.88
6.88
6.88
6.88
6.88
6.88

aan
0.9V

Cos

0.848
.847
.B47
847
847
.847
847
.846

QAR
050

.846

0.846
846
.846

846
.845
.845
.845
845
845
.845

0.844
.B44
.844
.844
.844
.844
844
.843
.843
.843

0.843
.843
.843

R42

Reli >4

.842
.842
.842
842
.842
.841

0.841
.84i
.841
841
.841
.841

.840
240

840
.840

0.840
.840
.839
.83¢9
.839
839
.83¢8
.839
.838

a2a
030

0.838

048
894
740
585
431
276
122
967

11
Tio

658

503
348
193
038
883
728
573
417
262
106

951
795
640
484
328
172
016
860
704
548

391
235
079
Q22

-4

766
609
452
296
139
982

825
668
511

354
196
039
882
724
567
409

251
094
936
778
620
462
304
146
987

<31
0Lo

671

Cos

60’
59
58
57
56
55
54
53

£E2
e 4

51

49
49
48
47
46
45
44
43
42
a1

40
39
38
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22
21

20
19
18
i7
16
15
14
13
12
"

10
08
08
07
06
05
04
03

02

n1
Ui

00



Sin

0.544
544
.béb
545
545
545
546
546
546
546

0.547
547
.547
547
.548
.548
.548
.548

cAQ
Rre b 2~

549

0.549
5649
549

550
550
550

550
651
551
551

0.551
552
56562
562
662
.553
.553
.663
.663
.564

0554
.564
.5654
.b65
.56565
.655
.5655
.566
.556
.556

0.5656
557
5567
56567
557
567
558
558
558
.558

0.5659

639
883
127
3N
615
858
102
346
589
833

076
320
563
807
050
293
536
780

noa
VLo

266

509
752
995
238
481
724
966
209
452
694

837
180
422
664
907
149
392
634
876
118

360
602
844
086
328
570
812
054
296
637

779
o
262
504
745
287
228
469
710
952

193

Sin

Table A-1. Natural trigonometric functions (continued)

4.05

4.07
4.05
4.07
4.05
4.05
4.05
4.07
4.05

ANc
4.0

4.05

4.05
4.05
4.05
4.05
4.05
403
4.05
4.05
4.03
4.05

4.05
4.03
4.03
4.05
4.03
4.05
4.03
4.03
4.03
4.03
4.03
4.03
4.03
4.03
4.03
4.03
4.03
4.03
4.02
4.03

4.03
4.02
4.03
4.02
4.03
4.02
4.02
4.02
4.03
4.02

Tan

0.649
.649

.665

0.666
666
.666
667
667
.668
.668
.669
.669
.669

0.670
.670
671
671
671
672
672
.673
.673
.674

0.674

408
821

284
706
128
550
972
394
817
240
662
085

509

Tan

4.

6.88
6.90
6.90
6.90
6.90
6.92
6.90
6.92
6.92
6.92

6.92
6.93
6.92
6.93
6.93
6.93
6.93
6.93
6.95

6.93

6.95
6.95
6.95
6.97
6.95
6.97
6.95
6.97
6.97
6.98

6.97
6.98
6.97
6.98
6.98
6.98
7.00
6.98
7.00
7.00

7.00
7.00
7.00
7.02
7.02
7.00
7.02
7.03
7.02
7.02

7.03
7.03
7.03
7.03
7.03
7.05
7.05
7.03
7.05
7.07

33°

Cot
1.5639 865

-
[4
N
[«]
S
N
(=]

d.”

16.33
16.33
16.30
16.30
16.27
16.27
16.25
16.23
16.22
16.22

16.18
16.18
16.17
16.13
16.15
16.12
16.10
16.08

10 Nno
10.UVo

16.07

16.05
16.03
16.02
16.C0
16.00
15.98
15.95
15.95
15.95
15.92

15.90
15.90
15.88
15.87
15.85
15.83
15.82
15.82
15.80
15.78
16.77
16.75
16.75
16.72
16.72
16.70
15.68
15.68
15.65
15.65

15.63
15.62
16.62
16.58
15.68
16.57
16.55
15.53
15.52
15.62

Cos

0.836 671
.838 512
.838 354
.838 195
.838 036
.837 878
.837 719
.837 560
.837 401
.837 242

0.837 083
.836 924
.836 764
.836 605
.836 446
.836 286
.836 127
.835 967

Q9 an7y
03T ouU/

835 648

0.835 488
835 328
835 168
.835 008
834 848
.834 688
.834 527
.834 367
.834 207
.834 046

0.833 886
.833 725
833 565
.833 404
.833 243
.833 082
.832 921
.832 760
.832 599
.832 438

0.832 277
.832 115
.831 954
.831 793
.831 631
.831 470
.831 308
.831 146
.830 984
.830 823

0.830 661
.830 499
.830 337
.830 174
830 012
.829 850
.829 688
.829 525
829 363
.829 200

0.829 038

Cos

d."

2.65
2.63
2.6b
2.65
2.63
2.65
2.65
2.65
2.65
2.65

2.65
2.67
2.65
2.65
2.67
2.65
2.67
2.67
2.65

2.67

2.67
2.67
2.67
2.67
2.67
2.68
2.67
2.67
2.68
2.67

2.68
2.67
2.68
2.68
2.68
2.68
2.68
2.68
2.68
2.68

2.70
2.68
2.68
2.70
2.68
2.70
2.70
2.70
2.68
2.70

2.70
2.70
2.72
2.70
2.70
2.70
2.72
2.70
2.72
2.70

FM 5233

60
59
58
57
56
55
54
53
52
51

50
49
48
47
46
45
44
43

AD
Sc

40
38
38
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
1

10
09
08
07
06
05
04
03
02
01

A-35
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00’
01

02
03
04
05
08
07
08
09

10
1
12
13
14
15
16
17
18
19

A-36

Sin

0.559 193
.559 434
.559 675

.669 916
560 157

Table A-1. Natural trigonometric functions (continued}

4.

4.02
4.02
4.02
4.02
4.02
4.02
4.02
4.02
4.00
4.02

4.02
4.00
4.02
4.02
4.00
4.02
4.00
4.00
4.02
4.00
4.00

A NO
& UV

4.00
4.60
4.00
4.00
4.00

3.98
4.00

4.00
4.00
3.98
4.00
3.98
4.00
3.98
4.00
3.98
3.98
3.98
4.00
3.98
3.98
3.98
3.98
3.98
3.98
3.97
3.98

3.98
3.98
3.97
3.98
3.97
3.98
3.97
3.98
3.97
3.97

Tan

0.674
674
675
.675
.676
.676
877
.677
.677
.678

0.678
876
679
680
.680
.680
.681
.681

509
932
356
779
203
627
051
475
900
324

749
174
599
025
450
876
302
728

NN
o33
~l ~ @

SENEN]
o=
0 ™

7.18
7.18
7.20
7.18

7.20
7.20
7.20
7.22
7.20
7.22
7.22
7.22
7.22
7.23

34°

-
E
N
a
&
<
=

429 033
1.428 148

Cot

PNRRNN NN N
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MW WWOWWwwW

60’
59
58
57
56
55
54
53
52
51

50
a9
48
a7
46
45
a4
43
42
41
40
39

29
e 1+

37

ag
0

35
34
33

32
31

30
28
27
26
25
24
23
22
21

20
19
i8
17
16
15
14
13
12
1

10
09
o8
07
06
05
04
03
02
o1

00



00’
01

02
03
04
05
06
07
o8
09

Sin
0.573 676
573 815
574 053
574 291
574 529
574 767
575 005
575 243
575 481
575 719

0.575 957
.576 195
576 432
576 670
.576 908
577 145
.b77 383
.5677 620
.677 858
.578 095

(=
4l
0
D

W W w
W W W ©
oo

W W W
W W WO
oo,

VOLWWWRRWWE O WWLWWWwww

0 (O 0 W O W O WD (O U O WD D O O WD O D
NOWWWWAWWW DWW WD ® o

ww
w
w

8
3.93
3.92
3.93
3.93
3.92
3.92
3.93
3.92

w

(=3

0.700
.700
701
701
701
702
702
.703
.703
.704

0.704
.704
.705
.705
.706
.706
.707
.707
.708
.708

o

208
641

075
509
943
377
812
246
681

116

551
987
422
858
294
730
166
603
039
476

onometrie function
36°
d.” Cot
7.22 1.428 148
7.23 427 264
7.23 426 381
7.23 425 499
7.23 424 617
7.25 423 736
7.23 422 856
7.25 421 977
7.25 421 098
7.25 420 220
7.27 1.419 343
7.25 418 466
7.27 417 590
7.27 416 715
7.27 415 841
7.27 414 967
7.28 414 094
7.27 413 222
7.28 412 351
7.28 411 480
7.28 1410 610
7.30 409 740
7.28 408 872
7.30 408 004
7.30 407 137
7.30 406 270
7.30 405 404
7.32 404 539
7.30 403 675
7.32 402 i1
7.32 1.401 948
7.32 401 086
7.33 400 224
7.32 399 364
7.33 398 503
7.33 397 644
7.33 396 785
7.33 395 927
7.33 385 070
7.35 394 213
7.35 1.393 357
7.35 392 502
7.35 391 647
7.35 390 793
7.37 389 940
7.37 389 088
7.37 388 236
7.37 .387 385
7.37 386 534
7.38 385 684
7.37 1.384 835
7.38 383 987
7.38 383 139
7.38 382 292
7.40 381 446
7.38 380 600
7.40 379 755
7.40 378 911
7.40 378 067
7.42 377 224
1.376 382

continu
coniin

Mras
wGs

0.819
.818
.818
.818
818
.818
.818
.817
817
.817

0.817
.817
.817
.816
.816
.816
.816
.816
816
815

0.815
815
815
815
815
814

0812
812
.812
811
811
811
B11
an

.81
810

0.810
.810
810
.810
.810
.809
.809
.809
809
.809

0.809

152
985
818
651
484
317
150
982
815
648

480
313
145
977
809
642
474
306
138
969

801
633
465
296
128
9569
791
622
453
284

118
947
778
608
439
270
101
931

762
592

423
253

£33

084
914
744
574
404
234

064
894

723
5563
383
212
042
871
700
630
359
188

017

Cos

FM 5233

NRRR NN
[« BENIEN N NN
QO o O @ o

60’
59
58

57
58

o]

55

g4

>5

53
52

S

51

50
a9
a8
a7
46
a5
44
43
42
a1

40
39
38
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23

L2
21

20

10

|-

18
17

L

15
14
13

12

10
09
08
07
06
05
04
03
02
01
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A-38

00’
o1

02
03
04
05
06
07
08
09

10
1"
12
13
14
15
16
17
18
19

20
21

22
23
24
26
26
27
28
25
30
31

32
33
34
36
36
37
38
39

2
41
a2
43
44
45
48
47
a8

49

50
51
52
53
54
55
56
57
58
59

60

Sin

0.587
.588
.588
.588
.588
.588
.589
.589
.589
.589

0.5680
.590
.590

5§90
.580
691
691

591

891 7

592

592 2

0.692
592
592
.693

©

785
021
256
491
726
961
196
431
666
2901

136
37
606

/24N

o5V

075

489
722
955
188
653

Table A-1. Natural trigonometric functions (continued)

3.93
3.92
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3.92
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Tan

0.726
726
727
727
728
728
729
729
730
.730

0.730
731
731

732

- 24

732
733
733
734
734
.735

0.736
735
736
736
737
737
.738
.738
738
738
.738
.740
740
41
741
742
742
743
743
744

7AA
Tiviy

744

AL
TG

.745

748
NAA

746
747
747
748
.748

0.749
.748
.749
.750
761
.760
781
752

FJ4

.753

o

0.753

543
987
432
877
322
767
213
658
104
550

996
443
889

443

S50

783
230

678
125
573
021

469
917
366
816
264
713
162
6i1
061
611
861
411
862
312
763
214
666
117
668
020
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“ié

926

277
S
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“Sd

735
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096
549
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60’
59
58
57
56
55
54
63
52
51

50
49

48
a7

47
a5
44
43
42
41

40
39
38
37
36
38
34

a9

32

31
30
29

27
26
26
24
23
22
21

20

19

18

LR+

17
18
15
14
13
12
1

10
09
08
07
06
05
04

03

n2
ve

o1
00
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00’

~a

vl
02

03
05
06
07
08

~G

vy

10

[2%

"
12
13
14
16
16

17
18

LE+]

19

20
21
22
23
24
25
26
27
28
29

3i
32
33
34
35
36
37
38
38
AN

sV

41
42

43
44

45
AR

S3

47
48

49

50
51
52
53
54
65
56
57
58
59

60

o

812
L d &

612

812 ¢

613

0.613
613
.613
.614
614
614
614
614
.615
615

0.615

203
432

661

Sin

Table A-1. Natural trigonometric functions (continued)

VUL WwW
MOO® o®Wm
aa~d;m o

W w
® ®
g,

Tan

0.753 554
754 010
754 467
754 923
.755 380
.755 837
.756 294
.756 751
7567 209

257 ano

FO/ 0O/

0 7ER 128

V.IO0 &

.758 583
.769 041
.769 500
.769 959
.760 418
.760 877
.761 336
.761 796
.762 2586

0.762 716
763 176
.763 636
764 097
.764 558
.765 019
.766 480
765 941
.766 403
.766 865

——. an=

AF1 490

71 QRQ
i1 Sow

7
772 423
772 888

dla STT

773 353
773 818
.774 283
774 748
775 214
775 680

.776 146

©

0.776 612
777 078
777 545
778 012
.778 479
.778 948
779 414
.779 881
.780 349
.780 817

0.781 286

Tan

a

SNIN N NN
DDA D DD
NN O MNO

/.04

37°

)
{a]
»]
i~
N

296 965

.£Y0 180

2Q5 4086

&T3 SUT

.294 627
293 849

e O5T

.293 071
.292 294
.291 518
.280 742
.289 967
.289 192
.288 418

1.287 645
.286 872
.286 099
.285 328
.284 557
.283 786
.283 016
.282 247
.281 478
.280 709

1.279 942

-

Cot

Cos

0.798 636
798 4860
.798 285
798 110
797 9386
797 758
797 584
797 408
797 233

—am A=

AT -N)

08 882
96 882
96

706
798 530

.796 3564
.796 178
.796 002
795 B26
.795 650
795 473
795 297

0.795 121
794 944
.794 768
.794 591
794 415
.794 238
724 061
793 884
.793 707
.793 830

0.793 363
783 178

[=]
~
O
o
- O
=

293

292
292
292
293
2.92
293
292
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«© WD
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00’
01

02
03
04
05
06
07
08

na
uo

10
1"
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28

29

30
3
32
33
34
35
36
37
38
39

40
a1
a2
43
a4
a5
a6
47
48
49

50
51
52
53
54
65
56
57
58
89

60

A-40

Sin

0.815
615
616
616
616
818
617
617
617

817
0.617
.618
.618
.618
.618
.619
.619
.619
.619
.620

0.620
.620
.620
.620
621
.621
.621
.621

299
ULl

622

0.622
622
622
623
623
.623
623
.624
624
.624

0.624
.625

0.627
627
627
627
.627
.628
.628
.628
.628
.629

Q0.629

661
891
120
349
578
807
036
265
494
722
951
180
408
637
865
094
322
551
778
007

235
464
692
920
148
376
604
831

neo
voo

287

515
742
970
197
425
652
880
107
334
561

789
016

087
284
510
737
963
189
416
642
868
094

320

Cos

Table A-1. Natural trigonometric functions (continued)

3.83
3.82
3.82
3.82
3.82
3.82
382
3.82
3.80

3.82
3.82
3.80
3.82
3.80
3.82
3.80
3.82
3.80
3.80
3.80

3.82
3.80
3.80
3.80
3.80
3.80
3.78
3.80

2 an
9.0V

3.80

3.78
3.80
3.78
3.80
3.78
3.80
378
3.78
3.78
3.80

3.78
3.78
3.78
3.78
3.77
3.78
3.78
3.78
3.77
3.78

3.78
3.77
3.78
3.77
3.77
3.78
3.77
3.77
3.77
3.77

Tan

0.781
.781
782
.782
.783
.783
.784
.784
.785

785
0.785
786
.786
787
787
788
788
789
789
790

0.790
791
791
792
782
.793
.793
.794

104
ST

794

0.795
.795
796
796
.797
797
.798
.798
799
.799

0.800

286
754
223
692
161
831
100
570
040

510
981
451
922
394
865
336
808
280
752
225

697
170
643
117
580
064
538
012

AQc
“0v

961

436
911
386
862
337
813
290
766
242

dr

7.80
7.82
7.82
7.82
7.83

=2 an
/.04

7.83
7.83
7.83

7.85
7.83
7.85
7.87
7.85
7.85
7.87
7.87
7.87
7.88
7.87

7.88
7.88
7.90
7.88
7.80
7.90
7.90
7.90
7.82

7.92

7.92
7.92
7.93
7.92
7.93
7.95
7.93
7.93
7.95
7.95

7.97
7.95
7.97
7.97
7.97
797
7.98
7.88
7.98
7.98
7.98
8.00
8.00
8.00
8.02
8.00
8.02
8.02
8.03
8.02

38°

Cot

1.279
279
278
277
276

aa
£ 70

275
274
.273

273
1.272
.27
.270
.270
.269
.268
.267
.266
.266
.265

1.264
.263
.263
.262
.281
.260
.260
.259

159
. &£00

257

1.257
.266
.2565
.254
.254
.263
.262
.261
.251
.250

1.249
.248
.248
247
.246
.245
.245

LYV
el

243
.243

1.242
.241
.240
.240
.239
.238
.237
237
.236
.235

1.234

4

942
174
408
642
876

1449
L4

347
584
820
058
296
534
773
013
253
494
735
977
220
463

706
950
195
440
686
932
179
427

AR
Sio

923

172
422
672
923
174
426
678
931
185
439

693
948
204
480
717
974
232

AON
SOV

749
002

268
529
790
052
314
576
839
103
367
632

~!

89

a4

12.78
12.77
12.77
12.77
12.73

11 e
1£.749

1272
12.73
12.70

12.7¢
12.70
12.68
12.67
12.67
12.65
12.65
12.63
12.62
12.62
12.62

12.60
12.58
12.58
12.57

19 7
1£.97

12.55
12.63
12.53

12 B2
1£.09

12.562

12.50
12.50
12.48
12.48
12.47
12.47
12.45
12.43
12.43
12.43

12.42
12.40
12.40
12.38
12.38
12.37
12.37

19 28
1£.99

12.33
12.35

12.32
12.32
12.30
12.30
12.30
12.28
12.27
12.27
12.26
12.25

Tan

Cos

0.788
.787
787
.787
787

197
AN

.786
.785
.786

.786
0.786
.786
.785
.785
.785
.785
.785
.784
.784
.784

0.784
.784
.784
.783

102
{09

.783
.783

.783
782

ACL

.782

0.782
.782
782
.782
781
781
.781
.781
781
.780

0.780
.780
780
780
.780
779
779

770
Hig

779
779

0.778
778
778
778
778
778
777

011
832
652
473
294

114
s

935
756

576
208§

217
037
857
677
497
317
137
957
776
596

416
235
055
874

F-3:- %]
UIv

513
332

151
a70

IV

789

608
427
246
065
883
702
520
339
157
976

794
612
430

na0
L%0

067
884
702

620
338
156

973
791
608
426
243
060
878
695
512
329

46

o

a

RORONNONNON
8388838888

888

Sin

60’
59
58
57
56

55
54
53

52
51
50
49
48
47
46
a5
a4
43
42
41

40
39
38
37

2a
S1v]

35
34
33
32

Si

31

30
29
28
27
26
25
24
23
22
21

20
19
18

17
s

16
15
14

17
1o

12
11

10
09
08
o7
06
05
04
03
02
01

(VY]

a4



00’
01

02
03
04
05
086
07
08
09

10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39

40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56
57
58
59

60

Sin

0.629
.629
629
629
.630
.630
.630
.630
631
631

0.631
631
.632
.632
632
632
632
633
.633
633

0.633
634
634
.634
.634
.634
635
635
.635
.635

0.636
.836
.636
.636
.636
637

320
546
772
998
224
450
676
902
127
353

578
804
029
255
480
705
931
1656
381
606

831
056
281
506
731
955
180
405
629
854

078
303
527
751
976
200

.637 424

.637
.637

648
872

.638 096

0.638
.638
.638
.638
.639
639
639
639
.640
.640

0.640
640
641
641
.641
641
.641
.642
.642
.642

0.642
Sin

320
544
768
992
215
439
663
886
110
333

5567
780
003
226
450
673
896
19
342
565

788

Table A-1. Natural trigonometric functions (continued)

3.77
3.77
3.77
3.77
377
3.77
3.77
3.7
3.77
3.75

3.77
3.75
3.77
3.75
3.76
3.77
3.75
3.75
3.75
375

3.75
3.75
3.78
3.75
373
3.75
3.7%
3.73
3.75
3.73

3.75
3.73
3.73
3.75
3.73
3.73
3.73
3.73
3.73
3.73

3.73
3.73
3.73
3.72
3.73
3.73
3.72
3.73
3.72
3.73

3.72
3.72
3.72
3.73
3.72
3.72
3.72
3.72
3.72
3.72

Tan

0.809
.810
.810
811
811
.812
.812
813
813
.814

0.814
815
.815
.816
.816
817
.817
.818
818
818

0.819
819
820
.820
.821
821
.822
822
.823
.823

0.824
824
825
.825
.826
.826
.827
.827
.828
.828

0.829
829
.830
.830
.831
.831
.832
.832
.833
.833

0.834
.834
.835
.835
.836
.836
837
.837
.838
.838

0.839

784
266
748
230
72
195
678
161
644
128

612
096
580
065
549
034
519
005
491

976

463
949
435
922
409
897
384
872
360
848

336
825
314
803
292
782
272
762
252
743

234
725
216
707
199
691
183
676
169
662

155
648
142
636
130
624
119
614
109
604

100

Tan

8.03
8.03
8.03
8.03
8.05
8.05
8.05
8.05
8.07
8.07

8.07
8.07
8.08
8.07
8.08
8.08
8.10
8.10
8.08
8.12

8.10
8.10
8.12
8.12
8.13
8.12
8.13
8.13
8.13
8.13

8.15
8.15
8.15
8.15
8.17
8.17
8.17
8.17
8.18
8.18

8.18
8.18
8.18
8.20
8.20
8.20
8.22
8.22
8.22
8.22

8.22
8.23
8.23
8.23
8.23
8.25
8.25
8.25
8.25
8.27

39°

Cot

1.234
.234
.233
.232
231
231
.230
.229
.229
.228

1.227
.226
.226
.225
.224
.223
.223
222
221
221

1.220
.219
218
.218
.217
216
.215
.215
.214
213

1.213
212
21
210
.210
.209
.208
.208
.207
.206

1.205
.208
.204
.203
.203
.202
.201
.200
.200

199

1.198
198
197
.196
.185
195
.194
.193
.193
192

1.191

897
163
429
696
963
231
500
769
038
308

579
850
121
393
666
939
212
487
761
036

312
588
865
142
420
698
977
256
6536
816

097
378
660
942
225
509
792
077
362
647

933
219
506
793
081
369
658
947
237
528

818
110
402
694
987
280
574
868
163
458

754

Cot

4

12.23
12.23
12.22
12.22
12.20
12.18
12.18
12.18
1217
12,15

12.15
12.15
12.13
1212
1212
1212
12.08
12.10
12.08
12.07

12.07
12.05
12.05
12.03
12.03
12.02
12.02
12.00
12.00
11.98

11.98
11.97
11.97
11.95
11.93
11.95
11.92
11.92
11.92
11.90

11.80
11.88
11.88
11.87
11.87
11.85
11.85
11.83
11.82
11.83

11.80
11.80
11.80
11.78
11.78
11.77
1.77
11.75
11.75
11.73

Cos

0.777
776
776
776
776
.776
776
775
.775
775

0.775
.77%
774
774
774
774
774
774
773
773

0.773
773
773
772
772
772
772
772
7N
7

0.771
771
771
771
770
770
.770
.770
.770
.769

0.769
.769
.769
.768

146
963
780
596
413
230
046
863
679
496

312
128
944
761
677
393
209
024
840
656

472
287
103
918
734
549
364
179
995
810

625
440
254
068
884
699
513
328
142
957

7
585
400
214

.769 028

.768
.768
.768
.768
.768

0.767
767
767
767
767
766
.766
.766
.766

842
656
470
284
097

911
725
538
352
165
979
792
605
418

766 231

0.766

044

Cos

3.05
3.05
3.07
3.05
3.95
3.07
3.05
3.07
3.0
3.07

3.07
3.07
3.056
3.07
3.07
3.07
3.08
3.07
3.07
3.07

3.08
3.07
3.08
3.07
3.08
3.08
3.08
3.07
3.08
3.08

3.08
3.10
3.08
3.08
3.08
3.10
3.08
3.10
3.08
3.10

3.10
3.08
3.10
3.10
3.10
3.10
3.10
3.10
312
3.10

3.10
3.12
3.10
3.12
3.10
312
3.12
3.12
3.12
3.12

FM 5-233

60’
59
58
57
56
55
54
53
52

50
49
48
47
46
45

43
42
41

40
39
38
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22
21

20
19
18
17
16
15
14
13
12
1

10
09
o8
07
06
05
04
03
02
(]

00

A-41



FM 5-233

A-42

Sin

0.642
643
643
643
.643
.643
.644
.644
.644
.644

0.645
.645
.645
.645
.645
.646
.646
.646
.646
.647

0.647
647
647
.647
.648
.648
648
.648
.649
.649

0.649
.649
.649
.650
650
.650
.650
.650
.651
.651

0.651
.651
.662
.652
.662
.662
.662
.663
.653
.653

0.653
.654
.654
.654
.654
.654
.655
.655
.655
.655

0.656

788
010
233
456
679
901
124
346
569
791

013
235
458
680
902
124
346
568
790
012

233
455
677
898
120
341
6563
784
006
227

448
669
890
m
332
553
774
995
216
437

657
878
098
318
539
760
980
200
421
641

861
081
301
621
741
961
180
400
620
839

059

Sin

Table A-1. Natural trigonometric functions (continued)

3.70
3.72
3.72
3.72
3.70
3.72
3.70
3.72
3.70
3.70

3.70
3.72
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3.68

3.70
3.70
3.68
3.70
3.68
3.70
3.68
3.70
3.68
3.68

3.68
3.68
3.68
3.68
3.68
3.68
3.68
3.68
3.68
3.67

3.68
3.67
3.68
3.67
3.68
3.67
3.67
3.68
3.67
3.67

3.67
3.67
3.67
3.67
3.67
3.65
3.67
3.67
3.65
3.67

Tan

0.839
839
.840
.840
.841
.841
.842
.842
.843
843

0.844
844
845
845

846
.846
.847
.847
.848
.848

0.849
.849
.850
.850
.851
.851
.862
.852
.853
.863

0.854
.854
.855
.855
.8566
.856
.8567
.8567
.868
.868

0.859
.869
.860
.860
.861
.861
.862
.862
.863
.863

0.864
.864
.B65
.865
.866
.866
867
.867
.868
.868

0.869

100
595
092
588
084
581
078
576
073
571

069
567
066
680
063
562
062
562
062
562

062
563
064
565
067
568
070
573
075
578

081
584
087
591
095
599
104
608
13
619

124
630
136
642
148
655
162
669
177
685

193
701
209
718
227
736
246
756
266
776

287

Tan

8.25
8.28
8.27
8.27
8.28
8.28
8.28
8.30
8.30
8.30

8.30
8.32
8.30
8.32
8.32
8.33
8.33
8.33
8.33
8.33

8.35
8.35
8.35
8.37
8.35
8.37
8.38
8.37
8.38
8.38

8.38
8.38
8.40
8.40
8.40
8.42
8.40
8.42
8.43
8.42

8.43
8.43
8.43
8.43
8.45
8.45
8.45
8.47
8.47
8.47

8.47
8.47
85.48
8.48
8.48
8.50
8.50
8.650
8.50
8.52

40°

Cot

1.191
191
.180
.189
.188
.188
.187
.186
.186
.185

.184
.184
.183
.182
.181
181
.180
179
179
.178

1177
77
176
175
174
174
173
172
172
a7

1.170
170
169
.168
.168
167
.166
.166
.165
.164

1.163
.163
.162
161
.161
.160
.156¢
.168
.158
167

1.157
.156
.155
.1656
.154
163
163
162
.1561
161

1.150

754
050
347
644
941
240
538
837
137
437

738
039
340
642
945
248
551
855
160
464

770
076
382
689
996
304
612
921
230
539

850
160
471
783
095
407
720
033
347
662

976
292
607
923
240
557
875
193
511
830

149
469
790
110
432
753
075
398
721
044

368

Cot

11.73
11.72
11.72
11.72
11.68
11.70
11.68
11.67
11.67
11.65

11.65
11.65
11.63
11.62
11.62
11.62
11.60
11.68
11.60
11.57

11.57
1167
11.55
11.55
11.63
11.683
11.52
11.62
11.52
11.48

11.50
11.48
11.47
1147
11.47
11.45
11.45

11.42
11.43

11.40
11.42
11.40
11.38
11.38
11.37
11.37
11.37
11.35
11.35

11.33
11.32
11.33
11.28
11.32
11.30
11.28
11.28
11.28
11.27

Cos

0.766
.765
.765
.765
.765
.765
764
.764
.764
.764

0.764
763
.763
.763
.763
.763
.763
.762
762
.762

0.762
762
.761
.761
.761
761
761
.760
760
.760

0.760
.760
.760
.759
.769
.769
.759
759
.768
.768

0.758
.758
.758
757
757
.757
.757
.757
756
.756

0.756
.756
.756
.756
.755
755
.765
.755
.755
.754

0.754

044
857
670
483
296
109
921
734
547
359

17
984
796
608
420
232
044
8566
668
480

292
104
915
727
538
350
161
972
784
595

406
217
028
839
650
461
27
082
893
703

514
324
134
945
755
565
375
185
9956
805

615
425
234
044
863
663
472
282
091
900

710

Cos
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3.15
3.15
3.13
3.15
3.15

3.16
3.16
3.15
3.156
3.18
3.17
3.15
3.15
3.17
3.15

3.17
3.17
3.16
3.17
3.17
3.17
317
3.7
3.17
3.17

3.17
3.18
3.17
3.18
3.17
3.18
3.17
3.18
3.18
3.17

60
59
58
57
56
55
54
53
52
51

50
a9
48
47
46
45
a4
43
42
M

40
39
38
37
36
35
34
33
32
31

30
29
28
27
26
25
24
23
22
21

20
19
18
17
16
15
14
13
12
1

10
09
08
07
06
05
04
03
02
o1

oo



00’

Gi
02
03
04
05
06
a7
o8
09

10
|1

1
12

|4

13

15
16
17
18
19

20
21
22
23
24
25
26
27

29

30
31
32
33
34
35
36
37
38
39

40

41

A2
S<

43

45
a6

47
a8

49
50

52
53
54
55

57
58
59

60

Sin

0.656
656
656
656
.666
657
657
657
657
.668

N gEQ
V.30

.658
658

Radeled

.658
.659

.659
659

.669
660
660

0.660
660
.660
.661
661
.661
661
.661
662
662

0.662
.662
663
.663

059
279
498
7i7
937
156
375
594
814
033

282

£3&

471
6R9

feledv)

908
127
346
564
783
002
220

439
657
875
094
312
530
748
966
184
402

620
838
056
273

Table A-1. Natural trigonometric functions (continued)
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3.00

o

.898 299
.898 825
.899 351
899 877

0.900 404

Tan

41°

-
-
>
A
23
*l
]

111 262
1.110 613

Cot

d.” Cos
11.25 0.754 710
i1.25 754 519
11.25 .754 328
i11.23 754 137
11.23 753 946
11.22 .753 755
11.22 .753 563
ii.22 .753 372
11.20 .753 181
11.18 752 989
11.20 0.752 798
1117 .752 606
11.17 762 415
11.17 762 223
1117 .752 032
11.13 .751 840
11.15 761 648
11.13 .751 456
11.12 .751 264
1113 751 072
11.10 0.750 880
11.10 .750 688
11.10 .750 496
11.10 .750 303
11.08 750 111
11.07 .749 919
11.07 749 726
11.07 .749 534
11.05 749 341
11.05 .749 148
11.03 0.748 956
11.03 .748 763
11.02 .748 570
11.02 748 377
11.02 748 184
11.00 747 §§i
11.00 747 798
10.98 747 605
10.98 747 412
10.57 747 218
10.97 0.747 025
10.97 .746 832
1095 .746 638
10.93 746 445
10.95 .746 251
10.92 .746 057
10.93 .745 864
10.92 745 670
10.90 .745 476
10.92 745 282
10.88 0.745 088
10.80 744 394
10.87 744 700
10.88 .744 506
10.87 744 312
10.85 744 117
10.87 .743 923
10.83 743 728
10.85 .743 534
10.82 .743 339

0.743 145

d.” Cos
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FM 5-233

A-44

00’

o1
02
03
04
05
06
07
08
09

10
i1
12
i3
14
15
16
17

18

10
19

20
21
22
23
24
25
26
27

29

30
3
32
33
34
35
36
37
38
39

40
41
42
43
44
45
46

A7
47

48

AQ
a4

50
51
52
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Table A-1. Natural trigonometric functions (continued)
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Table A-1. Natural trigonometric functions (continued)
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Tabile A-1. Natural trigonometric functions (continued)
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Table A-2. Stadia reduction

Stadia work involves observing—

® The angle by which the line of sight departs from a horizontal line. This
reading is the argument for entering the table.

® The rod interval intercepted by the stadia wires, which are usually
adjusted sothat the distance to the rod is exactly 100 times the reading on
the rod when the telescope is level.

The table gives horizontal distances and differences of elevation for unit
readings on the rod and for angle of elevation from 0° to 30°.

Example. Rod reading is 3.25 feet and angle of inclination is 5° 35'.
Horizontal Distance = 99.05 x 3.25 = 321.91 ft

Difference of Elevation = 9.68 x 3.25 = 31.46 ft

Vertical Distance = (Rod Interval x 100) 4 Sin%a

a = Angle of inclination

FM 5-233
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Table A-2. Stadia reduction (continued)

00 1 [+ 20 30

Minutes
Hor. Diff. Hor. Diff. Hor. Diff. Hor. Diff.
dist. elev. dist. elev. dist. elev. dist. elev.
o] 100.00 0.00 99.97 1.74 99.88 3.49 99.73 5.23
2 100.00 0.06 99.97 1.80 99.87 3.55 99.72 5.28
4 100.00 0.12 99.97 1.86 99.87 3.60 99.71 5.34
& 100.00 017 99.96 192 99.87 368 99.71 5.40
8 100.00 0.23 99.96 1.98 99.86 3.72 99.70 5.46
10 100.00 0.29 99.96 2.04 99.86 3.78 99.69 552
12 100.00 0.35 99.96 2.09 99.85 3.84 99.69 5.57
14 100.00 0.41 99.95 2.15 99.85 3.90 99.68 5.63
16 100.00 047 99.95 221 99.84 3.95 99.68 5.69
18 100.00 0.52 99.95 2.27 99.84 4.01 99.67 5.75
20 100.00 0.58 99.95 233 99.83 4.07 99.66 5.80
22 100.00 0.64 99.94 2.38 99.83 413 99.66 5.86
24 100.00 0.70 99.94 244 99.82 4.18 99.65 5.92
26 99.99 0.76 99.94 250 99.82 4.24 99.64 5.98
28 95.85 0.81 $5.83 258 88.81 4.30 93.83 8.04
30 99.99 0.87 99.93 262 99.81 4.36 99.63 6.09
32 99.99 093 99.93 2.67 99.80 4.42 99.62 6.15
34 99.99 0.99 99.93 273 99.80 448 99.62 6.21
36 99.99 1.05 99.92 279 99.79 453 99.61 6.27
38 99.99 1.11 99.92 2.85 99.79 459 99.60 6.33
40 99.99 1.16 99.92 2.9 99.78 4.65 99.59 6.38
42 99.99 1.22 99.91 297 99.78 4.71 99.59 6.44
44 99.98 1.28 99.91 3.02 99.77 476 99.58 6.50
46 99.98 1.34 99.90 3.08 99.77 482 99.57 6.56
48 99.98 1.40 99.90 314 99.76 4.88 99.56 6.61
50 99.98 1.45 99.90 3.20 99.76 494 99.56 6.67
52 99.98 1.61 99.89 3.26 99.75 4.99 99.55 6.73
54 99.98 1.57 99.89 3.31 99.74 5.0 99.54 6.78
58 98.87 1.63 $8.85 3.37 89.74 5.11 99.53 £.84
58 99.97 1.69 99.88 3.43 99.73 5.17 99.52 6.90
£0 99.97 1.74 99.88 3.49 98.73 5.23 99.51 6.96

*These tables are adequate for use in both feet and meters.



Minutes

oM aNO

10

14
16
18
20

22
24
28
28
30

32
34
36
38
40

42

46
48
50

52

54
56
58
60

Hor.
dist.

99.51
99.51
99.50
99.49
99.48
99.47

99.46
99.46
99.45
99.44
99.43

99.42
99.41
99.40
99.39
99.38

99.38
99.37
99.36
98.356
99.34
99.33
99.32
99.31
99.30
99.29

QQ 28
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99.27
99.26
99.25
99.24

Table A-2. Stadia reduction (continued)

Diff.
elev.

6.69
7.02
7.07
7.13
7.19
7.25

7.30
7.36
7.42
7.48
7.63

7.69
7.65
7.71
7.76
7.82

7.88
7.94
7.99

8.05
8.1

8.17
8.22
8.28
8.34
8.40

R AR

C.53

8.51
8.67
8.63
8.68

Hor.
dist.

99.24
98.23
99.22
99.21
99.20
99.19

99.18
99.17
99.16
99.15
99.14

99.13
99.11
998.10
99.09
99.08

99.07
99.06
99.05
99.04
99.03
98.01
99.00
98.99
98.98
98.97

ag ag

TG.oC

98.94
99.93
98.92
98.91
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Diff.
elev.

12.10
12.15
12.21
12.26
12.32
12.38

12.43
12.49
12.55
12.60
12.66

12.72
12.77
12.83
12.88
12.94

13.00
13.056
13.1
13.17
13.22

13.28
13.33
13.3%
13.45
13.50

12 B8
19.90

13.61
13.67
13.73
13.78
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Table A-2. Stadia reduction (continued)

8° 9° io® ii°
Minutes
H Diff Hor Diff Hor Diff Hor Diff
dist elev dist. elev dist. elev. dist. elev,

0 98.06 13.78 97.55 165.45 96.98 17.10 96.36 18.73

2 98.05 13.84 97.53 16.51 96.96 17.16 96.34 18.78

4 98.03 13.89 97.52 15.56 96.94 17.21 96.32 18.84

6 98.01 13.95 97.50 15.62 96.92 17.26 96.29 18.89

8 98.00 14.01 97.48 15.67 96.90 17.32 96.27 18.95
10 97.98 14.06 97.46 16.73 96.88 17.37 96.25 19.00
12 87.97 14.12 87.44 15.78 96.86 17.43 96.23 18.05

4 97.95 1417 97.43 15.84 96.84 17.48 96.21 19.11
16 97.93 14.23 87.41 15.89 96.82 17.54 96.18 19.16
18 97.92 14.28 97.39 15.95 96.80 17.69 96.16 19.21
20 97.90 14 34 97.37 186.00 96.78 17.68 96.14 19.27
22 97.88 14.40 97.35 16.06 96.76 17.70 96.12 19.32
24 97.87 14.45 97.33 16.11 96.74 17.76 96.09 19.38
26 97.85 14.51 97.31 16.17 96.72 17.81 96.07 19.43
28 97.83 14.56 97.29 16.22 96.70 17.86 96.05 19.48
30 97.82 14.62 97.28 16.28 96.68 17.92 96.03 19.54
32 97.80 14.67 97.26 16.33 96.66 17.97 96.00 19.59
34 §7.78 14.73 97.24 16.38 86.64 18.03 $5.98 19.64
36 97.76 14.7% 97.22 16.44 96.62 18.08 95.96 19.70
38 $7.75 14.84 $7.20 16.50 86.60 18.14 86.83 19.76
40 97.73 14.90 97.18 16.56 96.57 18.19 85.91 19.80
42 97.71 14.95 97.16 16.61 96.55 18.24 95.89 19.86
44 97.69 15.01 97.14 16.66 96.53 18.30 95.86 19.91
48 97.68 15.06 97.12 16.72 96.51 18.35 95.84 19.96
48 97.66 15.12 97.10 16.77 96.49 18.41 95.82 20.02
50 97.64 16.17 97.08 16.83 96.47 18.46 95.79 20.07
52 97.62 15.23 §7.06 16.88 §6.45 18.51 $5.77 20.12
54 97.61 15.28 97.04 16.94 96.42 18.57 95.75 20.18
58 57.58 15.34 §7.02 16.88 86.40 18.82 95.72 20.23
58 97.57 156.40 97.00 17.056 96.38 18.68 95.70 20.28
60 97.55 15.45 96.98 17.10 96.36 18.73 95.68 20.34
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Table A-2. Stadia reduction (continued)

12° 13° 14° 15°
Minutes
Hor. Diff. Hor. Diff. Hor. Diff. Hor. Diff.
dist. elev. dist. elev. dist. elev. dist. elev.

V] 95.68 20.34 94.94 21.92 94.15 2347 93.30 25.00

2 95.65 20.39 94.91 21.97 94.12 23.52 93.27 25.05

4 95.63 20.44 94 .89 22.02 94.09 23.58 93.24 2510

6 95.61 20.50 94.86 2208 94.07 23.63 93.21 25.15

8 95.58 20.55 94.84 22.13 94.04 23.68 93.18 25.20
10 95.56 20.60 94.81 22.18 94.01 23.73 93.16 25.25
12 95.53 20.66 94.79 22.23 93.98 23.78 93.13 25.30
14 96.51 20.71 94.76 22.28 93.95 23.83 93.10 25.35
16 95.49 20.76 94.73 22.34 93.93 23.88 83.07 25.40
18 95.46 20.81 94.71 22.39 93.90 23.93 93.04 25.45
20 95.44 20.87 94.68 22.44 93.87 23.99 93.01 25.50
22 95.41 20.92 94.66 22.49 93.84 24.04 92.98 25.55
24 95.39 20.97 94.63 22.54 93.81 24.09 92.95 25.60
26 95.36 21.03 94.60 22.60 93.79 2414 92.92 25.65
28 95.34 21.08 94.58 22.65 93.76 2419 92.89 25.70
30 95.32 21.13 94.55 22.70 93.73 2424 92.86 25.78
32 95.29 21.18 94.52 22.75 93.70 24.29 92.83 25.80
34 95.27 21.24 94.50 22.80 93.67 24.34 92.80 25.85
36 95.24 21.29 94.47 22.85 93.65 24.39 92.77 25.90
38 95.22 21.34 94.44 2291 93.62 24.44 92.74 25.95
40 95.19 21.39 94.42 22.96 93.59 24.49 92.71 26.00
42 95.17 21.45 94.39 23.01 93.56 24.55 92.68 26.05
44 95.14 21.50 94.36 23.06 93,63 24.60 92.65 26.10
46 95.12 21.55 94.34 23.11 93.50 24.65 92.62 26.15
48 95.09 21.60 94.31 23.16 93.47 2470 92.59 26.20
50 95.07 21.66 94.28 23.22 93.45 2475 92.56 26.25
52 95.04 2171 94.26 23.27 93.42 24.80 9253 26.30
54 95.02 21.76 94.23 23.32 93.39 2485 92.49 26.35
56 94 99 21.81 94.20 2337 93.36 2490 92.46 26.40
58 94.97 21.87 94.17 2342 93.33 24.95 92.43 26.45
80 a4 g4 21.92 Q4 1§ 2347 a3.80 2500 92 40 26.50

oV wse.o5 AR ¥ vs.: 3 P TSV FasRVV) L5V £2.00
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Table A-2. Stadia reduction (continued)

16° 17° 18° 19°
Minutes
Hor. Diff, Hor. Diff. Hor. Diff. Hor. Diff.
dist. elev. dist. elev. dist. elev. dist. elev.

0 9240 26.50 91.45 27.96 90.45 29.3¢9 89.40 30.78

2 92.37 26.65 91.42 28.01 90.42 29.44 89.36 3083

4 92.34 26.59 91.39 28.06 90.38 29.48 89.33 30.87

6 92.31 26.64 91.35 28.10 90.35 29.53 89.29 30.92

8 92.28 26.69 91.32 28.15 90.31 29.58 89.26 30.97
10 92.25 26.74 91.29 28.20 90.28 29.62 89.22 31.01
12 92.22 26.79 91.26 28.25 90.24 29.67 89.18 31.06
14 92.19 26.84 91.22 28.30 90.21 29.72 89.15 31.10
16 92.15 26.89 91.19 28.34 90.18 29.76 89.11 31.15
18 92.12 26.94 91.16 28.39 90.14 29.81 89.08 31.19
20 92.09 26.99 91.12 28.44 90.11 29.86 89.04 31.24
22 92.06 27.04 91.09 28.49 90.07 29.90 89.00 31.28
24 §2.03 27.09 91.08 28.54 $0.64 25.95 88.86 31.33
26 92.00 27.13 91.02 28.58 90.00 30.00 88.93 31.38
28 91.97 27.18 90.99 28.63 89.97 30.04 88.89 31.42
30 91.93 27.23 90.96 28.68 89.93 30.09 88.86 31.47
32 91.80 27.28 90.92 28.73 89.90 30.14 88.82 31.51
34 91.87 27.33 90.89 28.77 89.86 30.19 88.78 31.66
36 91.84 27.38 90.86 28.82 89.83 30.23 88.75 31.60
38 91.81 27.43 80.82 28.87 89.79 30.28 88.71 31.65
40 91.77 27.48 90.79 28.92 89.76 30.32 88.67 31.69
42 91.74 27.62 90.76 28.96 89.72 30.37 88.64 31.74
44 91.71 27.57 90.72 29.01 89.69 30.41 86.60 31.78
46 91.68 27.62 90.69 29.06 89.65 30.46 88.56 31.83
48 91.65 27.67 90.66 29.11 89.61 30.51 88.563 31.87
50 91.61 27.72 90.62 29.16 89.58 30.55 88.49 31.92
52 91.58 27.77 90.59 29.20 89.54 30.60 88.45 31.96
54 91.55 27.81 90.55 29.25 89.51 30.65 88.41 32.01
56 91.52 27.86 90.52 29.30 89.47 30.69 88.38 32.05
58 91.48 27.91 90.48 29.34 89.44 30.74 88.34 32.08
60 91.45 27.96 90.45 29.39 89.40 30.78 88.30 32.14
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Minutes

Table A-2. Stadia reduction (continued)

Diff.

elev,

33.46
33.50
33.54
33.69
33.63
33.67

an 79
o9. /&

33.76
33.80
33.84
33.89

33.93
33.97
34.01
34.06
34.10

34.14
34.18
34.23
34.27
34.31

34.35
34.40
34.44
34.48
34.52

34.57
34.61
34.65
34.69
34.73

FM 5-233
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na -
minues

A-54

Hor.
dist.

83.46
83.41
83.37
83.33
83.28
83.24

B3.20

83.15
83.11
83.07
83.02

82.98
82.93
82.89
82.85
82.80

82.76
82.72
82.67
82.63
82.58

82.54
82.49
82.45
82.41
82.36

82.32
82.27
82.23
82.18
82.14

Table A-2. Stadia reduction (continued)

Diff.
elev.

37.16
37.20
37.23
37.27
37.31
37.35

37.39
3743
37.47
37.51
37.54

37.58
37.62
37.66
37.70
37.74

37.77
37.81
37.85
37.89
37.93

37.96
38.00
38.04
38.08
38.11

38.15
38.19
38.23
38.26
38.30

Hor.
dist.

82.14
82.08
82.05
82.01
81.96
81.92

81.87
81.83
81.78
81.74
81.69

81.65
81.60
81.56
81.51
81.47

81.42
81.38
81.33
81.28
81.24

81.19
81.15
81.10
81.06
81.01

80.97
80.92
80.87
80.83
80.78



Table A-2. Stadia reduction (continued)

Minutes
Hor.
dist.
(o] 77.96
2 77.91
4 77.86
6 77.81
8 77.77
10 7772
12 77.67
14 77.62
16 77.57
18 77.52
20 77.48
22 77.42
24 77.38
26 77.33
28 77.28
30 77.23
32 77.18
34 7713
36 77.09
38 77.04
40 76.99
42 76.94
44 76.89
46 76.84
48 76.79
50 76.74
52 76.69
54 76.64
56 76.59
58 76.55
60 76.50

Diff.
elev.

41.45
41.48
41.52
41.55
41.58
41.61

41.65
41.68

A1 24
*1.71

41.74
41.77

41.81
41.84
41.87
41.90
41.93

41.97
42.00
42.03
42.06
42.09
42.12
42.15
4218
42.22
42.25

42.28
4231
4234
42.37
42.40

Hor.
dist.

76.50
7645
76.40
76.35
76.30
76.25

76.20
76.15

I8 a0
9.1V

76.05
76.00

75.95
75.90
75.85
75.80
76.75

75.70
75.65
75.60
75.55
75.50

75.45
75.40
75.36
75.30
75.25

75.20
75.15
75.10
75.05
75.00

Diff.
elev.

42.40
42.43
42.46
42.49
4253
42.656

4259
42.62
42.85

42.68
42.71

42.74
4277
4280
42.83
42.86

42.89
42.92
42.95
42.98
43.01

43.04
43.07
43.10
43.13
43.16

43.18
43.21

43.24
43.27
43.30

Hor.
dist.

75.00
74.95
74.90
74.85
74.80
74.75

74.70
74.65
74.860

74.55
74.49

74.44
74.39
74.34
74.29
74.24

74.19
74.14
74.09
74.04
73.99

73.93
73.88
73.83
73.78
73.73

73.68
73.63
73.58
73.52
73.47

30°

Diff.
elev.

43.30
43.33
43.36
43.39
43.42
43.45

43.47
43.50
43.53
43.56
43.59

43.62
43.65
43.67
43.70
43.73

43.76
43.79
43.82
43.84
46.87

43.90
43.93
43.95
43.98
44.01

44.04
44.07
44.09
4412
44.15
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Table A-3. Conversion of minutes into decimals of a degree

0"

01667
03333
05000
06667
08333
10000
11667
.13333
.15000
.16667

.18333

20000

SLUAUY

.21667
.23333
.25000
.26667
.28333
.30000
.31667
.33333

.35000
.36667
.38333
41667
43333
45000
46667
48333
.50000

10"

.00278
.01944
.03611
.06278
.06944
08611
10278
11944
13611
15278
16944

18611

20278

.21844
.23611
.25278
.26944
.28611
.30278
.31944
33611

.36278
.36944
.38611
.40278

41944
43611
45278
.46944
48611
.50278

45"

.01250
02917
.04583
06250
07917
.09583
11250
12917
.14583
.16250
17917

.19583
21260

22917
.24583
.26250
.27917
.29583
31250
32917
.34583

.36250
37817
.39583
412580
42917
44583
46250
47917
49583
51250
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a4
31

a2
o9

34

2
23

36
37
38

20
>9

40

41
42
43
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59

Table A-3. Conversion of minutes into decimals of a degree (continued)

c1227
D100/

.53333
.55G00
56667

£027212
F0II3

.60000

e1867
Q1007

.63333

acnann
QI

66667

.68333
.70000

71667
73333

.75000

15"

eanoa
O LVOS

53750

ecaqaa
Rele 2 )

.57083

caren
.20 70V

60417

annon
VLVOO

63750

acae
00917

.67083
.68760

20"

eanan
DLLLL

.53889

55558
57222

.58888
.60556
62222
.63889

fccen
-993900

.67222
.68889

30"

cacAn
QLEIVUV

54167

ccana

85833
.57500

TR+
R AR 14

.60833

asEnn
-OLOW

64167
.65833

67500
69167

45"

crney
LIV

54583
58250
57917
59583
61250
62817
.64583
66250

67917

69583
71250
72917
.74583
76250

50"

eance

-2IVI0

54722

conan

-00O0Y

.58056

cazI99

DI LL

.61389

annco

BeleiPle leg

.64722

F-Y-2-Y-7.8

-00J50Y

.68056

69722
71389
73056
74722
76389
78056
79722
81389
83056
84722

.86389
.88056
.89722
.91389
.93056
.894722
.96389
.98056
.99722

a1
21

32
33
34

e
59

36
37
38

an
>3

40

a1
42
43
44
45
46
a7
48
49
50

51
52
563
54
55
56
57
58
59
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Table A-4. Useful constants and formulas

»
o

C

Figure A-1. Solution of triangles

SOLUTION OF RIGHT TRIANGLES

1.sinA=2=cos B
c

2.cosA=£=sinB
c

3.tanA=2=cotB
b

4. cotA=_b.=tan B
a

5.sec A= L = cosecB
b

6.cosec A= =secB
a

7.vers A= 2 =g

c [

8. exsecA=2
c

9.a=csinA=btan A=ccos B=bcotB=_fictb{c-b)
10.b=ccosA=acotA=csinB=atanB =ﬂc+a)(c»a)

11.d=cvers A 12.e=cexsec A

13.c=.28 =0 _-a _b _ d - e

cos B sinB sinA cosA versA exsecA
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Table A-4. Useful constants and formulas (continued)

FM 5-233

SOLUTION OF OBLIQUE TRIANGLES

Given Sought
14.A, B, a b, ¢ b=2__sinB c=2__sin(A+B)
sin A sin A
15.A, a,b B.c sinB=31"A} c=2__sinC
a sin a
i I -b o
16.C, a, b A-B tan % (A-B)=2"2 tan 14 (A + B)
a+b
g - . - as . . - as a ‘ = -
17.a,b, ¢ A fets=%2(a+Db+cj sin sz-\=.vw_c'j
be
18. cos‘/zA=1/M;tan‘/zA= (s-bis-c)
bc s(s - a)
1. sin A = 2/55 ~alis - B - <,
bc
20. vers A = 2s - bis - ¢}
bec
21. area area = Afs(s - a)(s - b)(s - C)
ns A o a?sinB.sinC
LZ. A, B, L, a area a8 = e
2sin A
23..C,a, b area area=% absinC.
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Table A-4. Useful constants and formulas (continued)

a. Trigonometrical formulas. - The six most usual trigonometrical functions are theratios defined for a right-angled triangle,
fo

as foliows:
; opposite side
sine =
hypotenuse
osine = adjacent side
hypotenuse
tangent = opposite side
adjacent side
cotangent = adjacent side
opposite side
. _ hypotenuse
secant = T
adjacent side
cosecant= _nypotenuse

opposite side

Right-angled triangles can be solved by the above and oblique iriangles may be solved by the use of the additional
relationships for any triangle:

a _ b _ ¢

sinA sinB sinC

w
:
o
-
©
3
=
®
L

a+b tan%(A+B)

az=b2+c¢c2-2bccos A
b?2=a%+c¢?-2accos B
c2=g2+b?-2abcosC

where A, B, and C are the angles and a, b, and c are the sides opposite to these angles, respectively.
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Table A-4. Useful constants and formulas (continued)

b. Fundamental relations.

sin A = ;COs A= ;tan A= 1 _-sinA
csc A sec A COtA cos A
cSCA = ;Sec A= JCotA= 1 - cosA
sin A cos A tan A sin A

sinfA+cos?A=1,sectA-tan?2A=1;cscZA-cot?A=1
¢. Functions of multiple angles.

sin2A=2sinAcosA
cos2A=2cos?A-1=1-2sin2A=cos2A-sin? A
sin3A=3sinA-4sin’A;
cos3A=4cos’A-3cosA

d. Functions of half angles.

e. Powers of functions.

sin2 A=%(1 - cos 2 A); cos? A =11 +cos 2 A)
sin® A = %4(3 sin A - sin 3 A);, A = Y4{cos 3 A + 3 cos A)

f. Sum and difference of angles.

sin(A+ B)=sin Acos B+ cos AsinB
cos{A+)=cos Acos Bt sin AsinB
tan(ALBFtanALtanB

1+ tanAtanB

g. Sums, differences, and products of functions.

sin A+ sin B =2 sin ¥4(A+ B) cos A{A_* B)
cos A +cos B=2cos ¥2(A +B)cos V2 (A -B)
cos A - cos B = - 2 sin (A + B) sin 2(A - B)

sin {A+ B)

cos Acos B

tan A+ tanB =

FM 5-233
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Table A-4. Useful constants and formulas (continued)

sin? A -sin?B=sin (A +B)sin{A-B)
cos? A - cos? B = - sin (A + B) ;sin (A - B)
cos? A -sin2 B =cos (A + B} cos (A - B)
sinAsinB=%cos(A-B)-%cos(A+B)
cos A cos B = V2 cos (A - B) + V2 cos (A + B)
sinAcos B=%2sin(A+B)+ 2sin(A-B)

The relations for angles greater than 90° are shown in the following tabulation where x represents an angle in the first
quadrant where all the functions are positive.

angle sine cosine tangent cotangent

X +sin x +COS X +tan x + cot x
90° + x + cos X -sinx - cot x - tan x
180° +x -sinx - cos x +tan x + cot x
270°+x - COS X +8in X - cot x - tan x

24.sin A=2sin % Acos V2 A=A/1 - cos? A=tan A cos A 35. exsec 2 A= 210" A
25.cos A=2cos?22 A-1=2sin2% A =cos? ¥, 1-tanzA
A-sin2 L A 36.sin2A+cos?A=1

Qi A L DYool A L ooy oA
SIN{AXL B)=SINA.COSD L SINB.COS A
B

26.tan A=SINA- sin24 38.cos (A+ B)=cos A.cos B+t sinA.sin
cos A 1+cos2A
35.sin A+sinB =2 sin ¥ (A +B)cos V2 {A - B}
) . 40.sin A-sinB =2 cos Y2 {A + Bjsin 2 {A - Bj
27. cot A=C9S A sin2A _sin2A e
A T cos2A vers2A 41.cos A+cosB=2cos V2 {A+B)cos %2 {A - Bj

4Z.cosB-cosA=2sin ¥ {A+Bjsin (A -Bj
43.sin? A -sinZB=cos?B - cos2 A

28.versA=1-cosA=sinAtan 2A=2sin2 2 A =sin{A +B)sin (A - B)

29 exsec A=secA-1=tanAtan s A=_YErSA 44. cos? A - sin? B = cos (A + B) cos (A - B)
cos A j
45. lanA+tanB=MB_)
30.sin2A=2sin AcosA cos A.cosB

31.cos 2A=2cos?A-1=cos?A-sin?A=1-2sin?A sin (A - B)

46.tan A -tanB =

32 tan2 A=_2tanA cos A.cos B
1-tanz A 47.sin3A=3sinA-4sin?A
33 co‘2A=cotzA-1 48.cos 3A=4cos2A-3cosA
2 cot A —
49, sin ﬁ=i/\/__1 (X
34.versZA=2sinfA=2ZsinAcosAtanA 2 v 2
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Table A-4. Useful constants and formulas (continued)

50. cos é= + /m

53.cos2A=%{1+cos 2 A)

2 ¥ 2
54.sin2 A=%(3sin A-sin 3 A)
55. cos? A= (cos 3 A+ 3 cosA)
e A 1-cos A sin A T -cos A 56. sin A sin B =" cos (A - B) - 2 cos (A + B)
Sl.tan—=+ = B B
2 sin A 1+cos A 1+cos A 57. cos A cos B = Y2 cos (A - B) + 2 cos (A + B)

52.sin2A=%(1-cos 2 A} 58.sinAcosB=%sin(A+B)+%sinA-B

Q° 30° 45° 60° 90° 120° 135° 1560° 180° 270
Sine ...... o (172 172 V2172 V3 11172 V3l 172 V2172 0 -1
Cosine .... 11172 V3|1/2 NVV2]1/72 ol-1/2 172 V272 V3 1 (o}
Tangent ... 011/3 V3 1 V3 tw - V3 -1 -1/3 V3 0| o
Cotangent . |+ ® V3| 1 173 V3t ol-1/3 V3] - V3lto 0
Secant .... 112/3 /3 V2 2 + ® 2 - V2273 V3 -1 +®
Cosecant .. [+ @ 2 V2|2/3 V3 11 273 V3 V2 2 + -1
Lineal foet x .00019 = miles 1radian = 189° = 57.2957790° = 67°1744.8" (nearly)
Lineal yards x .006 = miles m
Square inches x .007 = square feet 1 radian = 1018.6 mile
Square feet x .111 = square yards 1degree = 0.0174533 radians
Square yards x .0002067 = acres 1 minute = 0.0002909 radians
Acres x 4840.0 = square yards 1 mil = 0.0009817 radians
Cubic inches x .00058 = cubic feet « radians = 180°
Cubic feet x .03704 = cubic yards
Links x .22 = yards T radians = 90°
Links x .68 = feet 2
Feet x .15 = links

360° =21600' = 1296000”

Circumference of circle ( r = radius) = 2zr, or wrd
Radius = arc of 57.2957790°

Arc of 1°(radius = 1)=.017453252

Arc of 1’ (radius = 1) = .000290888

Arc of 1” (radius = 1) =.000004848

Areaof circle (r=radius) .......ccoiiiiiiieiinriniinerironnnnsrnnenes mrr?
Area of sector of circle (length of arc=L; r=radius) ................. 172 Lr
Area of segment of paraboia {(c =chord, m=mid. ord.) .............. 2/3cm
Area of segmentofcircle(ap) .......cviveiiiniiiiiiiiniiinniinnn. 2/3cm
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Table A-4. Useful constants and formulas (continued)

r = 3.141592654. 3/6 . 1.240700982.
m

r = 0.785398163.

4 w? = 9.869604401.

r = 0.523598776.

6 1

- = 0.101321184.

= 1.128379167.

=
3

= 1.772453851.

~

xr = 4.188790205. 1 = 0.3183099.

Curvature of Earth’s surface = about 0.7 foot in 1 mile.
Curvature in feet = 0.667 (dist. in miles)?
Difference between arc and chord length, 0.02 foot in 11%2 miles.

Table A-5. Functions of 1° curves

Functions of a 1° Curve. The long chords, mid-ordinates, externals, and
tangent distances of this table are for a curve of 5730 feet radius. To find the
corresponding functions of any other curve, divide the tabular values by the
degree of curve. Values obtained from this table can be converted to the
metric system by multiplying by 0.3048.



oo NO

10
12
14

1R+

18

20
22

24
26
28

an

oY

32
34
36
38
40

42
44

46
48
50
52
54
56
58

an

ou

0.00

3.33

6.67
10.00
13.33
16.67
20.00
23.33
26.67
30.00

33.33
36.67
40.00
43.33
46.67
50.00
53.33
56.67
60.00
63.33

66.67
70.00
73.33
76.67
80.00
83.33
86.67
90.00
93.33
96.67
100.00

240 a5

£53.95

253.29
256.62
259.96
263.23
266.62

269.96
273.29
276.62
279.96

283.29

Y- T- W3]
£O0U. 0L

289.96
293.29
296.62

ann an
£I3J.90

Table A-5. Functions of 1° curves (continued)

0.000
0.000
0.001
0.002
0.004
0.006
0.009
0.012
0.015
0.019

0.024
0.029
0.035
0.041
0.048
0.054
C.062
0.070
0.078
0.088

0.087
c.107
0.117
0.128
0.140
0.151
0.164
0.176
0.190
0.204
0.218

Q°

0.000
0.000
0.001
0.002
0.004
0.006
0.009
0.012
0.016
0.019

0.024
0.029
0.035
0.041
0.048
0.054
0.062
0.070
0.079
0.088

0.097
0.107
0.117
0128
0.140
0.151
0.164
0.176
0.190
0.204
0.218

0.00
1.67
333
5.00
6.67
8.33
10.00
11.67
13.33
16.00

16.67
18.33
20.00
21.67
23.33
25.00
26.67
28.33
30.00
31.67

33.33
35.00
36.67
38.33
40.00
41.67
43.33
45.00
46.67
48.33
50.00

130.04

131.71
133.38
135.05
136.72
138.38
140.05
141.72

142 20
1993.99

146.06
146.73
148.40

1en N
1o9V.V/

2A%8 82
DEU.TL

329.95
333.28

208 80
JOU.UV

389.94
393.27
396.60

ann oA
DITI. 99

0.218
0.233
0.248
0.264
0.280
0.297
0314
0.332
0.350
0.368

0.388
0.407
0.427
0.448
0.469
0.491
0.513
0.5636
0.5659
0.582

0.606
0.630
0.655
0.681
0.708
0.733
0.760
0.788
0.815
0.844
0.873

1.964
2.008
2.053
2.098
2.143
2.188
2.225
2.282

2 22Q
-y A

2.376

2424
2473
2523
2572

2.622
2672

2,724
2.776
2.828
2.880
2.933

2.987
3.042

3.096
3.1561
3.206

2 98%
9.£07

3.320
3.377
3.434

A AQe
99471

1o

0.218
0.233
0.248
0.264
0.280
0.297
0314
0.332
0.350
0.368

0.388
0.407
0.427
0.448
0.469
0.491
0.513
0.536
0.5659
0.582

0.606
0.630
0.655
0.681
0.706
0.733
0.760
0.788
0.815
0.844
0.873

-

50.00
51.67
53.33
55.00
56.67
58.33
60.00
61.67
63.33
65.00

66.67
68.33
70.00
71.67
73.33
75.00
76.67
78.33
80.00
81.67

83.33
85.00
86.67
88.33
90.00
91.67
93.33
95.00
96.67
98.33
100.00

T

150.07
1561.74
153.41
165.08
156.78
158.42
160.09

161.76
16243

103.55

165.09

166.76
168.43
170.10
171.77
173.44

102 41
1005

195.08
196.76
198.42

2nn Nno
LUVU.VI

Sé

an
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o sNO

10

14
16
18

20
22
24
26
28

30.

32
34
36
38

40
42
44
46
48
50
52
54
56
68
60

ooprNO

10

14
16
18

20
22
24
26
28
30
32
34
36
38

40
42

46
48
50
62
654
56
58
60

LC

399.94
403.27
406.60
409.93
413.26
416.58
419.92
423.26
426.59
429.92

433.25
436.58
439.91
443.24
446.58
449.91
453.24
456.57
459.90
463.23

466.56
469.89
473.23
476.56
479.89
483.22
486.55
489.88
493.21
496.54
499.88

LC

599.80
603.13
606.46
609.78
613.11
616.44
619.76
623.09
626.42
629.74

633.07
636.40
639.72
643.05
646.38
649.70
663.03
666.36
659.69
663.02

666.34
669.67
673.00
676.32
679.66
682.98
686.30
689.63
692.96
696.28
699.60

Tabdle A-5. Functions of 1° curves (continued)

M

3.491
3.550
3.609
3.668
3.727
3.787
3.848
3910
3.972
4.034

4.096
4.160
4.224
4.288
4.353
4.418
4.484
4.550
4.617
4.684

4.751
4.820
4.889
4.958
5.027
5.096
5.167
5.238
5.310
5.382
5.454

7.850
7.940
8.030
8.120
8.210
8.300
8.380
8.480
8.570
8.660

8.760
8.844
8.939
9.033
9.128
9.222
9.317
9.411

9.606
9.600

9.695
9.794
9.894
9.993
10.09
10.19
10.29
10.39
10.49
10.69
10.69

40

60

E

3.492
3.651
3.610
3.670
3.730
3.790
3.851
3.913
3.97%
4.037

4.099
4.163
4.227
4.291
4.356
4421
4.487
4554
4.621
4.688

4.755
4824
4.893
4962
5.03t1
5.100
5171
5.243
6.315
6.387
5.459

7.861
7.951
8.041
8.131
8.221
B8.311
8.401
8.491
8.681
8.671

8.761
8.856
8.951
9.046
9.141
9.236
9.331
9.426
9.521
9.616

89.712

9.812

9.912
10.01
10.11
10.21
10.31
10.41
10.51
10.61
10.71

T

200.09
201.76
20343
205.10
206.77
208.44
2101
2177
213.45
215.11

216.78
218.45
22012
221.79
223.46
225.13
226.80
228.47
230.14
231.81

233.48
235.16
236.82
238.48
24015
241.82
243.48
245.16
246.83
248.50
250.17

300.30
301.97
303.64
305.31
306.98
308.65
310.32
311.99
313.66
316.33

317.00
318.67
320.34
322.01
323.68
325.35
327.02
328.69
330.37
332.04

333.71
336.38
337.05
338.73
340.40
342.07
343.74
345.41
347.08
348.76
350.44

LC

499.88
503.21
506.54
509.87
513.20
516.53
519.86
523.19
526.52
529.85

533.18
536.51
539.84
543.17
546.50
549.83
6563.17
556.50
559.83
563.16

566.49
569.82
§73.15
6§76.48
6579.81
683.14
586.47
589.80
6593.13
596.46
599.80

LC

699.80
702.93
706.26
709.58
712.91
716.24
718.56
722.89
726.21
729.53

732.86
736.19
739.51

742.84
746.17
749.49
762.82
766.15
769.47
762.80

766.13
769.45
772.78
776.11
779.43
782.76
786.09
789.41
792.74
796.07
799.40

M

65.454
5527
5.601
5.675
5.749
5.823
5.899
5.975
6.052
6.129

6.206
6.284
6.362
6.441
6.620
6.5699
6.680
6.761
6.842
6.923

7.005
7.088
717
7.255
7.339
7.423
7.508
7.593
7.678
7.764
7.850

10.69
10.79
10.80
11.00
1.1
1.21
11.31
11.42
11.62
11.63

11.73
11.84
11.95
12.06
1217
12.27
12.38
12.49
12.60
1271

12.82
1293
13.04
13.16
13.26
13.37
13.48
13.59
13.70
13.81
13.96

50

70

E

5.459
55633
5.607
5.681
5.765
5.829
5.905
5.981
6.058
6.135

6.212
6.290
6.369
6.448
6.627
6.606
6.687
6.768
6.849
6.931

7.013
7.096
7.180
7.264
7.348
7.432
7.517
7.603
7.689
7.775
7.861

10.71
10.81
10.92
11.02
11.13
11.23
11.33
11.44
11.54
11.65

11.76
11.86
11.97
12.08
12.19
12.30
1241
12.62
12.63
12.74

12.85
12.96
13.08
13.19
13.31
13.42
13.63
13.65
13.76
13.88
13.99

T

250.17
251.84
25351
255.18
256.85
258.52
260.20
261.86
263.54
265.20

266.87
268.54
270.21
271.88
273.54
275.21
276.88
278.55
280.23
281.90

283.57
285.24
286.91
288.59
280.26
291.93
283.60
29527
296.95
298.62
300.30

35044
352.11
3563.79
355.46
357.13
358.81
360.48
362.15
363.83
3656.50

367.17
368.85
370.52
372.19
373.86
376.54
377.22
378.89
380.57
382.24

383.92
385.60
387.27
388.95
390.62
392.30
393.98
395.66
397.33
399.01
400.70

OO PNO

10

14
16
18

20
22
24
26
28
30
32
34
36
38

42
46

50
52
54
56
58
60



[
oo OOMENO

an

22

aa
L4

28
30
32
34
36
38

40
42
44
46
48
50
52
54
56
58
60

LC

799.40
802.72
806.04

f0a 17
Uvv.o i

812.69
818.01
819.34

822.66

LC

998.8
1002.1
1005.4

1nna o
1VVo.0

1012.1
10154
1018.7
10220
1025.4

1028.7

Table A-5. Functions of 1° curves (continued)

80

10°

400.70
402.37
404.05

ANK 72

Sve.id

407.39
40S.08
41074
412.41
474.08
416.76

»
&

419.10
420.77
422.45
42412
425.79
427 .47
429.156
430.82
43250

43418
435.86
437.54
439.21
440.89
442,57
444 .45
44593
447.60
449.28
450.95

T

501.32
503.00
504.68

ENne 2s
SVU.ou

508.04
508.72

ana N7

vwo.u s

912.39

Y- L]

§15.71
919.04
922.36
925.68

LC

1098.4
1101.7
1105.0

1100 2
11V0.9

1111.7

1494
111o.vV

11183

90

ACO aa
“439.9%

461.02
462.70

- -
WHHBNODODMHALNO

an
LAy

22

24
26

30
32
34
36
38

42

46
48
50
52
54
56
58
60
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Table A-5. Functions of 1° curves (continued)
120 13°

Lc M E T Lc M E T

1197.9 31.39 31.66 602.22 1297.3 36.83 37.07 652.87 ¢}
1201.2 31.57 31.73 603.81 1300.6 37.02 37.26 654.56 2
1204.5 31.74 31.91 605.60 1303.9 37.21 37.46 656.25 4
1207.8 31.92 32.09 607.28 1307.2 37.40 37.65 657.93 6
12111 32.09 32.37 608.97 13105 37.59 37.85 659.62 8
10 12145 32.27 32.45 610.66 1313.8 37.79 38.04 661.31 10
12 1217.8 32.45 32.63 612.35 1317.2 37.98 38.23 663.00 12
14 12211 32.62 32.81 614.04 13205 38.17 38.43 664.69 14
16 12244 32.80 32.99 615.72 13238 38.36 38.62 666.37 16
18 1227.7 32.97 33.17 617.41 13271 38.55 38.82 668.06 18

20 1231.0 33.15 33.35 619.10 13304 38.75 39.01 669.75 20

oo hbNO

22 12343 3333 3363 62079 13337 3895 3920 67144 22
24 12377 3351 3372 62248 13370 39.15  39.40 67313 24
26 12410 3369 3330 62416 13403 3935 3960 67481 26
28 12443 33.87 34.08 625.85 1343.6 39.54 39.80 676.51 28
30 1247.6 3406 3427 62756 13469 3974 4000 678.20 30

32 1250.9 34.24 3445 629.24 13503 39.94 40.19 67989 32
34 12542 3442 34 64 630.93 1353.6 40.13 40.39 68168 34

36 1257.5 34.60 34.82 632.61 1356.9 40.23 40.59 683.26 36
38 1260.8 34.78 35.01 634.30 1360.2 40.52 40.79 684.95 38

40 1264.2 34.97 35.19 63599 13635 40.71 40.99 686.64 40

42 1267.5 35.16 35.37 637.68 1366.8 40.91 41.19 688.33 42
44 1270.8 35.34 36.56 639.37 13701 41.11 41.40 690.02 a4

46 i1274.1 3563 35.75 64i.06 13734 41.31 41.60 691.70 48
48 1277.4 357N 35.94 642.74 1376.7 41.561 41.81 693.39 48
50 1280.7 35.90 36.13 644.43 1380.0 41.71 42.01 695.08 50
52 1284.0 36.09 36.31 646.12 13834 41.91 42.21 696.77 52
54 1287.4 36.27 36.50 647.81 1386.7 4211 42.42 698.46 54
56 1290.7 36.46 36.69 649.49 1380.0 42.31 42,62 700.14 56
58 12940 36.64 35.88 §51.18 13933 4251 42.83 701.83 58
60 1297.3 36.83 37.07 652.87 1396.6 42.71 43.03 703.53 60
14° 15°
Lc M E T Lc M E T

1396.6 427 43.03 703.53 14959 49.02 49.44 754.35 o]
1389.9 42.92 43.23 705.23 14989.2 49.24 49.66 756.05 2
1403.2 43.12 43.44 706.92 1502.5 49.46 49.89 7567.74 4
1406.5 43.33 43.65 708.62 1505.8 49.68 50.11 759.44 6
1409.8 43.53 43.86 710.31 1509.1 49.90 50.34 761.13 8
10 1413.1 43.74 44.07 712.01 15124 50.12 50.56 762.83 10
12
14
16

WO AENO

12 1416.5 43.94 44.28 713.71 16156.7 50.34 50.78 764.53
14 1419.8 44.15 44.49 715.40 15619.0 50.56 51.01 766.22
16 1423.1 44.35 44.70 717.10 15223 50.78 51.23 767.92

18 1426.4 44.56 44.91 718.79 1525.6 51.00 51.46 769.61 i8

20 1429.7 44.77 45.12 720.49 1528.9 51.22 51.68 771.31 20

22 14330 4498 4533 72220 15322 5144 5190 77301 22
24 14363 4519 4554 72389 15355 5167 5213 77470 24
26 1439.6 45.40 45.76 725.59 1538.8 51.89 52.36 776.40 26
28 14429 4581 4597 727.28 15421 5212 5259 77809 28
30 14462 4582  46.18 72897 15454 5234 65282 77979 30
32 14496 46.03 46.60 730.66 1548.7 52.57 53.05 781.49 32
34 14629 4624 4661 73235 15520 52.79  53.28 78319 34
36 14562 4645  46.82 73405 15553 5302  53.51 784.89 36

38 1459.5 46.66 47.04 736.74  1558.6 53.24 63.74 786.59 38

40 14628 4687 47.25 73743 1561.9 5347 5397 78829 40
42 1466.1 47.08 47.46 739.12 1565.2 53.69 54.20 789.99 42
44 14694 4730 4768 74081 15685 5392 54.44 79169 44
46 14727 4751  47.90 74251 15718 5415 5467 79339 46
48 14760 47.73 4812 74420 15751 5438 5491 79509 48
50 1479.3 47.94 48.34 745.89 1578.4 54.61 55.14 796.79 50
§2 14827 4816 4856 74758 15817 5484 5537 79849 52
54 1486.0 48.37 48.78 749.27 1585.0 56.07 55.61 800.19 54
56 14893 4859 4300 75097 15883 5530 5584 80189 56
58 14926 48.80 49.22 75266 15916 5553 5608 80359 58
60 14959 4902 4944 75435 15948 5576 5631 80529 60

A-68



@ E&ENO

10

14
16
18

20
22
24
26
28
30
32
34
36
38

40
42
44
46
48
50
52
54
56
58
60

LC

1694.9
1598.2
1601.5
1604.8
1608.1
16114
16147
1618.0
1621.3
16246

1627.9
1631.2
1634.5
1637.8
1641.1
1644.4
1647.7
1651.0

18caAn
100%.9

1657.6

1660.9
1664.2
1667.5
16708
1674.1
1677.4
1680.7
1684.0
1687.3
1690.6
1693.9

LC

1792.7
1796.0
1799.3
1802.6
1805.9
1809.2
18125
1816.7
1819.0
1822.3

1825.6
18289
1832.2
18365
18388
1842.1
1845.4
1848.7
1852.0
18565.3

1868.6
1861.9
1865.1
1868.4
18711
1875.0
1878.3
1881.6
18849
1888.2
18916

Table A-5. Functions of 1° curves (continued)

55.76
55.99
56.23
56.46
56.70
56.93
57.17
57.40
57.64
57.87

58.11
58.34
68.58
58.82
58.06
69.30
59.54
59.78
60.02

60.26

60.50
60.74
60.99
61.23
61.48
61.72
61.96
62.21
62.45
62.70
62.94

70.54
70.80
71.06
71.33
71.59
71.85
72.12
72.38
72.64
72.91

73.17
73.43
73.70
73.97
74.24
74.51
74.77
75.04
75.31
75.58

75.85
76.12
76.39
76.67
76.94
77.21
77.49
77.76
78.03
78.31
78.68

16°

18°

56.31
56.54
56.78
57.02
57.26
67.50
57.74
57.98
68.22
58.46

68.70
658.94
§9.19
59.43
69.68
59.92
60.16
60.41
80.85
60.90

61.14
61.39
61.64
61.89
62.14
62.39
62.64
62.89
63.14
63.39
63.64

71.42
71.69
71.96
72.23
72.50
72.77
73.04
73.31
73.58
73.86

74.12
74.39
74.67
74.94
75.22
75.49
75.77
76.04
76.32
76.569

76.87
77.14
77.42
71.70
77.98
78.26
78.63
78.81
79.09
798.37
79.65

806.29
806.99
808.64
810.39
812.09
813.79
815.49
817.19
818.89
820.59

822.29
823.99
825.69
827.39
829.09
830.79
832.49
834.20
835.00
837.61

839.31
841.01
842.72
844.42
846.13
847.83
849.53
8561.24
852.94
854.65
856.35

907.52
908.23
910.94
912.65
914.36
816.07
917.78
919.49
921.20
922.91

924.63
926.34
928.05
929.76
931.47
933.18
934.89
936.60
938.32
940.03

941.74
943.45
945.16
946.88
948.69
950.30
952.01
963.72
965.44
967.15
958.86

LC

1693.9
1697.2
1700.5
1703.8
1707.1
17104
1713.7
1716.9
1720.2
172385

1726.8
17301
17334
1736.7
1740.0
17433
1746.6
1749.9
1763.2
1756.5

1759.8
1763.1
1766.3
1769.6
17729
1776.2
17795
1782.8
1786.1
1789.4
1792.7

LC

1891.5
1894.8
1898.1
1901.3
1904.6
1807.9
1911.2
19145
1917.8
1921.0

1924.3
1927.6
1830.9
1934.2
1937.5
1940.7
1944.0
1847.3
1960.6
1953.¢

1957.2
1960.4
1963.7
1967.0
1970.3
1973.6
1976.9
1980.1
1983.4
1986.7
1990.0

62.94
63.18
63.43
63.68
63.93
64.18
64.42
64.67
64.92
65.17

65.42
65.67
65.93
66.18
66.44
66.69
66.94
67.20
67.45
67.71

67.96
68.21
68.47
68.73
68.99
69.25
69.50
69.76
70.02
70.28
70.54

78.58
78.86
79.13
79.41
79.68
79.96
80.24
80.51
80.79
81.07

81.35
81.63
81.91
82.20
82.48
82.76
83.05
83.33
83.61
83.90

84.18
84.47
84.75
85.04
85.32
85.61
85.90
86.19
86.47
86.76
87.05

17°

19°

63.64
63.89
64.15
64.40
64.66
64.91
65.16
65.42
65.67
65.93

66.18
66.43
66.69
66.95
67.21
67.47
67.72
67.98
68.24
68.50

68.76
69.03
€9.29
69.66
69.82
70.09
70.36
70.62
70.89
7117
71.42

79.65
79.94
80.22
80.51
80.79
81.08
81.37
81.65
81.94
82.22

82.51
82.80
83.09
83.38
83.67
83.97
84.26
84.55
84.84
85.13

856.43
85.73
86.02
86.32
86.61
86.91
87.21
87.60
87.80
88.09
88.39

866.36
868.05
869.76
861.46
863.16
864.87
866.57
868.27
869.98
871.68

873.38
875.09
876.7%
878.49
880.20
881.90
883.61
885.32
887.02
888.73

890.44
892.16
893.86
8965.56
897.27
898.98
900.69
902.40
904.10
905.81
907.52

958.86
960.57
962.30
964.00
965.72
967.43
969.15
970.86
972.58
974.29

976.01
977.72
979.44
981.15
982.86
984.58
986.30
988.02
989.74
991.46

993.18
984.90
996.62
998.34
1000.0
1001.8
1003.5
1005.2
1006.9
1008.6
10104
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VN HMNO

10

14
18
18

20
22
24
26
28
30
32

34
ag

ST

38

40
42

46
48
50
52
54
56
58
60

-
(9]

19980.0
1993.3
1996.6
1999.8
2003.1
2006.4
2009.7
2(13.0
2016.3
2019.6

2022.8
2026.1
2029.4
2032.7
2036.0

anaa 2
LV33.2

20426
2045.8
2049.1
2062.4

2066.7
2068.9
2062.2
2085.5
2068.8
20721
2076.4
2078.6
2081.9
2086.2
2088.6

Table A-5. Functions of 1° curves (continued)

20°

=

87.50
87.34
87.63
87.92
88.21
88.50
88.79
85.08
89.37
89.66

89.96
90.26
80.65
90.86
91.15

a1 A
F1.90

91.74
92.04
92.34
92.64

92.94
93.24
93.64
93.84
94.14
94.44
94.74
96.04
96.34
96.64
86.96

22°

106.2
106.8

Twe

106.9
108.2
106.5
106.8
107.1
107.4
107.7
108.0

108.4
108.7
109.0
1094
109.7
110.0
1104
110.7
111.0
1114

11.7
112.0
i12.3
1127
113.0
113.3
113.7
114.0
1143
114.7
115.0

m

88.39
88.69
88.99
89.29
89.59
89.89
90.19
§50.45
90.79
91.09

91.40
81 M
92.01
92.32
82.62

an nn
V&I

93.24
93.64
93.86
94.16

94.46
94.78
96.09
86.40
86.71
96.03
96.34
96.66
96.96
97.27
97.68

107.2
107.8

L

107.9
108.2
108.6
1089
1098.2
109.6
108.9
110.2

110.6
110.8
111.2
111.6
1118
1123
112.6
112.9
113.3

113.6

1139
1143
114.6
115.0
116.3
116.7
116.0
116.3
116.7
117.0
1174

-4

1010.4
1012.1
1013.8
1015.5
1017.2
1018.0
1020.7
i022.4
1024.1
10256.8

1027.6
1029.3
1031.0
1032.7
1034.4

anne 4
1Vo9.1)

1037.8
1039.6
1041.3
1043.0

1044.8
1046.6
1048.2
1048.9
1061.7
1063.4
1066.1
1066.8
1068.6
1060.3
1062.0

T

11138
11188
11173
1118.0
1120.7
11224
1124.2
1126.9
1127.6
11294

11311
1132.8
1134.6
1136.3
1138.0
1139.7
11415

1143.2
11449

55

1146.7

11484
1150.1
1i51.9
1163.6
11654
11671
11588
1160.6
1162.3
1164.0
1165.8

r
y

2088.5
2091.8
2095.0
2098.3
2101.6
21049
2108.1
21114
2114.7
21180

2121.2
21245
2127.8
2131.0
2134.3

seaT
&197.0

21409
21441
2147.4
2160.7

2164.0
2167.2
21605
2163.8
216741

2170.3
21736
21769
2180.1

21834
2186.7

21°

95.95
96.26
96.56
96.87
97.17
9748
87.79
98.08
98.40
98.70

99.00
99.39
99.60
99.90
100.2

AN e
VU0

100.8
101.1
101.4
101.7

102.1
102.4
102.7
103.0
103.3
103.8
103.9
104.2
1046
104.8
106.2

23°

m

97.58
97.90
28.21
9853
98.84
99.16
99.48
99.79
100.1
100.4

100.7
101.1
101.4
101.7
102.0

ann n
vs.9

102.7
103.0
103.3
103.6

104.0
104.3
104.6
104.9
106.3
106.6
106.9
106.3
106.8
106.9
107.2

-~
1

1062.0
1063.7
1065.4
1067.2
1068.9
1070.6
1072.4
1074.1
1075.8
1077.5

1079.3
1081.0
1082.7
1084.4
1086.2

LYY - K-
vor7.a9

1089.6
1091.3
1093.1
1094.8

1096.6
1008.3
1100.0
1101.7
1103.4
1106.2
1106.8
1108.6
11103
11121
1113.8



0o AENO

10

14
16
18

20
22
24
26
28
30
32
34
36
38

40
44
46
48
60
62
64
56

60

oo ~NO

10

14
16
18

20
22
24
26
28
30
32
34
36
38

40
a2
a4
46
a8
50
52
54
56
58
60

LC

2382.6
2385.9
2389.1
2392.4
2395.6
2398.9
2402.2
2405.4
2408.7
24119

2415.2
24185
24217
24250
2428.2
24315
24348
2438.0
2441.3
2444.5

2447.8

nAaca
£&901.1

2464.3
2467.6
2460.8
2464.1
24674
2470.68
24739
24771
24804

LC

2677.9
2681.1
26844
2587.6
2590.9
25694.1
2697.4
2600.6
2603.9
26071

26104
2613.6
2616.9
2620.1
2623.4
2626.6
2629.8
2633.1
2636.3
2639.6

2642.8
2646.1
2649.3
2652.6
2655.8
2659.1
2662.3
26665.6
2668.8
26721
2675.3

Table A-6. Functions of 1° curves (continued)

24°
M

125.2
125.5
125.9
126.2
126.6
126.9
127.3
127.6
128.0
128.3

128.7
129.0
i29.4
129.7
130.1
130.4
130.8
131.1
131.6
131.8

132.2

132.8
132.9
133.3
133.6
134.0
1344
1347
136.1

136.4
136.8

26°

146.8
1471
147.6
147.9
148.3
148.7
148.1
149.4
149.8
160.2

150.6
161.0
151.4
181.7
152.1
162.5
1529
163.3
163.7
154.0

1544
154.8
165.2
1565.6
156.0
156.3
166.7
167.1

157.5
157.9
158.3

E

128.0
1284
128.7
129.1
129.5
129.8
130.2
130.6
130.9
131.3

131.7
132.0
132.4
132.8
1331
133.6
133.9
134.2
134.6
135.0

136.4

ane =

136.7
136.1
136.6
136.9
137.2
137.6
138.0
1384
138.7
138.1

160.7
161.1
161.6
161.8
162.3
182.7
183.1
163.6
163.9
164.3

154.7
166.1
166.6
156.9
156.3
1566.7
1671
157.5
157.9
168.3

168.7
159.1
169.5
160.0
160.4
160.8
161.2
161.6
162.0
1624
1628

T

1218.0
1219.7
12214
1223.2
12249
1226.7
1228.4
1230.2
1231.9
1233.6

1236.4
12371
1238.9
1240.6
1242.4
1244.1
1246.8
1247.6
12493
1261.1

1262.8
1264.8
1266.3
1268.1
1269.8
1261.6
1283.3
1285.0
1266.8
1268.6
12703

1322.8
1324.6
1326.4
1328.1
1328.9
1331.8
13334
1336.2
1336.9
1338.7

13404
1342.2
1343.9
1345.7
13474
1349.2
1351.0
1362.7
13545
13566.2

1358.0
1359.8
1361.5
1363.3
1365.1
1366.8
1368.6
1370.4
13721
1373.9
1375.6

LC

24804
2483.6
2486.9
2490.1
24934
2496.6
24999
25603.1
2506.4
2609.6

2512.9
2516.1
25194
2522.8
2525.9
2529.1
2532.4
2536.6
2638.9
26421

26456.4
2548.6
2661.9
2665.1
2668.4
2661.6
2664.9
2668.1
2571.4
2574.6
2577.9

Lc

2876.3
2678.5
2681.8
26856.0
2688.2
2691.6
2694.7
2698.0
2701.2
27044

2707.7
27109
27141
27174
2720.6
2723.8
27271
2730.3
2733.6
2736.8

2740.0
27433
2746.5
2749.7
27563.0
2756.2
2759.5
2762.7
2765.9
2769.2
27724

25°
M

136.8
136.2
136.5
136.9
137.2
137.6
138.0
1383
138.7
139.0

1394
139.8
140.1
140.6
140.8
141.2
141.6
142.0
142.3
142.7

143.1
143.6
143.8
144.2
144.6
144.9
146.3
146.7
146.0
146.4
148.8

27°

168.3
168.8
168.0
169.4
169.8
160.2
180.8
161.0
1614
1618

162.2
162.6
163.0
163.4
163.8
164.2
164.6
165.0
165.4
165.8

166.2
166.6
167.0
167.4
167.8
168.2
168.6
169.0
169.4
169.8
170.2

E

139.1
1395
139.9
140.3
140.6
121.0
121.4
121.8
142.2
1425

1429
143.3
143.7
144.1
1446
1449
146.3
145.6
146.0
146.4

146.8
147.2
147.6
148.0
148.4
148.8
148.2
149.6
149.9
160.3
160.7

162.8
163.2
183.7
164.1
184.6
164.9
166.3
166.7
166.1
166.5

167.0
167.4
167.8
168.2
168.6
169.1
169.5
169.9
170.3
170.8

171.2
171.6
172.0
172.5
172.9
1733
173.7
1741
174.6
175.0
175.4

T

1270.3
12720
1273.8
1275.5
1277.3
1278.0
1280.8
1282.5
1284.3
1286.1

1287.8
1289.8
1291.3
12931
1294.8
1296.6
1298.3
1300.1
1301.8
1303.6

1306.3
1307.1
1308.8
1310.6
13124
13141
1316.9
1317.6
1319.4
13211
1322.9

1376.8
13774
1378.2
1380.9
1382.7
1384.6
1386.2
1388.0
1389.8
1391.6

1393.3
1396.0
1396.8
1398.6
1400.3
1402.1
1403.9
1406.6
1407.4
1408.2

14109
1412.7
14145
1416.3
1418.0
1419.8
1421.6
1423.3
1425.1
1426.9
1428.6
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Table A-8. Functions of 1° curves (continued)
28° 29°

LC M E T LC M E T

27724 170.2 176.4 1428.6 2869.4 182.6 188.5 1481.9
2775.6 170.6 176.8 14304 28726 1829 188.0 1483.7
27789 171.0 176.3 1432.2 28758 183.3 189.4 1485.4
27821 171.4 176.7 14340 2879.1 183.7 189.9 1487.2
2785.3 171.8 1774 1435.7 28823 184.2 190.3 1489.0
10 2788.6 172.2 177.6 14375 28855 1846 190.8 1490.8 10
12 2791.8 172.6 178.0 1439.3  2888.7 185.0 191.2 1492.6 12
14 2795.0 173.0 178.4 1441.1 28820 1864 191.7 1494.3 14

18 27082 1734 1780 1442 8 289K 2 1868 1021 14981 18

1o EiTG.S 1io5 LA - R~ 15540 L£TI0.& 1SS.O S0, ]

18 2801.5 173.8 179.3 14446 28984 186.3 192.5 1497.9 18

20 2804.7 174.3 179.7 14464 29016 186.7 193.0 1499.7 20
22 2808.0 174.7 180.2 14482 2904.8 1871 1935 1501.5 22
24 2811.2 175.1 180.6 14499  2908.1 187.5 193.9 1503.2 24
26 28144 1766 181.0 1451.7 29113 188.0 1944 1505.0 26
28 2817.7 1756.9 181.5 145356 29145 188.4 194.8 1506.8 28
30 28209 176.3 181.9 1466.2  2917.7 188.8 1956.3 1508.6 30
32 2824.1 176.7 182.3 1457.0 29210 189.2 195.7 1610.4 32
34 28274 1771 182.8 14588 2924.2 189.7 196.2 15121 34
36 2830.6 1775 183.2 1460.6 29274 190.1 196.7 1513.9 36
38 2833.8 177.9 183.6 14623 29306 190.5 1971 15156.7 38

40 28371 178.4 184.1 1464.1 29339 180.9 197.6 1517.5 40

a2 28402 1788 184§ 14850 29371 1014 1980 15192 42

S< LoV LA~ oS0 1800.9 EA- LR g o

44 28435 179.2 185.0 1467.7 29403 1919 198.5 15621.0 44
46 2846.8 179.6 185.4 1469.56 29435 1924 198.9 1522.8 46
48 2850.0 180.0 185.9 1471.2 29468 1928 1994 1624.6 48
50 2853.2 180.4 186.3 1473.0 29500 193.2 199.8 1626.4 50
52 2856.5 180.8 186.8 14748  2953.2 193.6 200.3 16528.2 52
54 2859.7 181.2 187.2 1476.6 2956.4 194.0 200.8 1630.0 54
656 2862.9 181.6 187.6 1478.3 29596 194.4 201.2 1631.7 56
58 2866.2 182.0 188.1 1480.1 2962.9 1948 201.7 1633.5 58
60 2869.4 182.5 188.5 14819  2966.1 195.2 2021 1535.3 60

30° 31°

[N IR N LN«
OO NO

LC M E T LC M E T

2966.1 1956.2 202.1 1635.3 3062.6 208.4 216.3 1589.0
2969.3 196.6 202.6 16371 3065.8 208.8 216.8 1690.8
29725 196.1 203.1 1638.9  3069.0 209.3 217.2 1692.6
2975.7 196.5 203.5 1540.7 30722 208.7 217.7 1694.4
2979.0 197.0 204.0 16425 30754 210.2 218.2 1596.2
10 2982.2 197.4 204.5 15443 30786 2106 218.7 1598.0 10
12 29854 197.8 2049 1546.0 3081.8 2111 218.2 1599.8 12
14 2988.6 198.2 205.4 15647.8  3085.0 2115 218.6 1601.6 14
16 2991.8 198.6 205.9 15496 30883 212.0 220.1 1603.4 16
18 2995.0 199.1 206.3 155614 30915 2124 220.6 1605.2 18

20 2998.3 1995 206.8 15653.2 30947 2129 2211 1607.0 20
22 3001.5 199.9 207.3 1566.0 30979 2133 221.6 1608.8 22
24 3004.7 2004 207.7 15566.8 3101.1 2138 2221 1610.6 24
26 3007.9 200.8 208.2 156686 31043 2142 222.6 1612.4 26
28 3011.1 201.3 208.7 15604 31075 214.7 223.0 1614.2 28
30 3014.3 201.7 209.1 1562.2 31107 2151 2235 1616.0 30
32 30176 2021 209.6 1564.0 31139 2156.6 224.0 1617.8 32
34 3020.8 202.6 2101 1565.7 3117.1 216.0 2245 1619.6 34
36 30240 203.0 2105 1567.5 31203 216.5 225.0 1621.4 36
38 3027.2 203.5 211.0 1569.3 31235 216.8 2256.5 1623.2 38

40 3030.4 203.9 2115 15711 31267 217.4 226.0 16256.0 40
42 3033.6 204.3 2120 15729 31299 2178 226.5 1626.8 42
44 3036.9 204.8 2124 16747 31331 218.3 227.0 1628.6 44
46 30401 205.2 2129 16766 31364 218.7 2275 1630.5 46
48 3043.3 205.7 2134 1678.3 3139.6 219.2 2280 1632.3 48
50 3046.5 206.1 2138 1680.1 31428 219.6 2284 1634.1 50
52 3049.7 206.5 2144 1681.9 3146.0 2201 228.9 1636.9 52
54 3052.9 207.0 2148 1583.7 3149.2 220.5 229.4 1637.7 54
56 3056.2 207.4 216.3 15856 31624 221.0 2299 1639.5 56
68 3059.4 207.9 2168 1687.2 3155.6 2215 230.4 1641.3 58

an anan o ana LEY-3] aco0O N
oV JUUL.0 208.4 216.3 1003.V 3‘! 58.3 2220 2309 1 5431 50

oM PNO
OO ENO
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Lo d

OO BENO

10

14
16
18

20

22
24
26
28
30
32
34
36
38

42

46

AQ

50
52
54
56
58

60

Aanan
VLIL.D

3235.7
3238.9

32421
224523

CasJ.o

32485
32561.7
3264.9

T

1643.1
1644.9
1646.7
1648.5
1650.3
16562.1
1653.9
165656.7
16567.5
1659.3

1661.1
1662.9
1664.7
1666.5
1668.3
1670.1
1671.9
1673.7
1675.56
1677.4

1679.2
1681.0
1682.8
1684.6
1686.4
1688.2

1690.0
16891 8

1S9 1.0

1693.7
1695.5
1697.3

LC

32459
3258.1
3261.3
3264.5
3267.7
3270.8
32740
3277.2
32804
3283.6

3286.8
3290.0
3293.2
3296.4
3299.6
3302.7
3306.9
3309.1
33123
33165

3318.7
33219
3325.1
33283
33315
33346

3337.8
23410

(o L R

33442
33474
3350.6

We
L

3446.1
34493
34525
3455.6
3458.8
34620
3465.2
3468.3
34715
34747

34779
3481.0
34842
34874
3490.6
3493.7
34969
3500.1
3503.3
3606.5

e

3508.8
35128
3516.0
3519.2
35256.5
3528.7
3531.9
3535.0
3538.2
32414

T

1697.3
1699.1
1700.9
1702.7
1704.5
1706.4
1708.2
1710.0
1711.8
1713.6

1715.5
1717.3
17191
1720.9
1722.7
17246
1726.4
1728.2
1730.0
1731.8

1733.6
17355
1737.3
1738.1
1740.9
1742.7

1744.6
1748 4

iIFS.5

1748.2
1750.0
1751.8

OO ENO

10

14
16
18

20
22
24
26
28
30
32
34
36
38

40
42
46
48
50

562
54

56
58
60
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3566.7
3568.8

3573.0
3576.2
3579.4
3582.5
35856.7
3588.8

3731.0
37341
37373
37404

3743.6
27467

SiaS.7

3749.9
3753.0
37566.2
3759.3

Table A-5. Functions of 1° curves (continued)

2804
280.9
2814
281.9
2825
283.0
2835
284.0
284.6
285.1
285.6
286.1
286.7
287.2
287.7
288.2
288.8
289.3
289.8

non 2
£IU.S

290.9
291.4
291.9
2924
293.0
2935
2940
294.5

295.1
298 &

£593.C

296.1

3

w

63

EY-%1-W
10/0.9

1880.2
1882.1
1883.9
1885.8
1887.6
1889.5
1891.3
1893.2
1895.0

1008 o
i090.9

1898.7
1900.6
1902.4
1904.3

-
3

()

-
rid

WOABNOOO PO

kb b -



COHBLNODODDEMNO

RN

WWWWWNNNNN
ORPENO@OANO

DANN DO DD DS
QOO HLNOO®MOIBNO

2092 1

ST0L. 1

3985.2

2000 A
JJ00.%

39915

2004 &
ITI*. O

3997.7

ANNN O
UV

4004.0
4007.1
4010.3

ANTa A
EAVERC R

LC
4106.9

41100
ARV AN

4113.1

A118 2
SF110.4

41193

A1292 A
L~

41255

A1920 8
21406.0

4131.8
41349
4138.0
41411
41442
4147.3
4150.4
4153.5
4156.6
4159.7
41628
4165.9

4169.0
41721
41756.2
41784
4181.5
4184.6
4187.7
4190.8
4193.9
4197.0
4200.1

Table A-56. Functions of 1° curves (continued)

40°

42°

- -

NMMNNN M

parguiraie
N=2O~Oo W

WWNMNRN
NoO=hWh

21995
2201 4

LLvi S

2203.3

29NE 2
£LVS.S

2207.2

29040 1
PFAV A

2211.0

2717 Q
LL14.O

22149
22188

£&10.C

2218.7
2220.6
22225
2224.4
2226.4
22283
2230.2
2232.1
2234.0
2236.0

22379
2239.8
22417
22436
2245.6
22475
22494
2251.3
2253.3
22552
22571

ANTE 7
SUIS.T

4078.8

ANDI N
SU0L U

4085.1

ANQO 2
“+V00.£

4091.3

ANnOA A
SUTe.S

4097.5
4100.7
4103.8

Aa1nn 0
“+1V0.9

LC

4200.1
42032

R LAV A

4206.3

A2NQ A
R AR

42125
42158

54i10.0

4218.7

A%221 0
JLev.0

42249
42280

4231.0
4234.2
4237.3
4240.4
42435
4246.5
4249.6
4252.7
4255.8
42589

4262.0
42651
4268.2
4271.3
4274.4
42775
4280.6
4283.7
4286.8
4289.9
4293.0

41°

43°

2197.6

£1339.0

T

22571
22590

L££00.V

2261.0

2282 Q

4. ra-

2264.8
2288.7

£&£0C. 7

2268.7

2970 8
L TU.C

22725
22745

2276.4
2278.3
2280.2
2282.2
2284.1
2286.0
2288.0
2289.9
2291.8
22938

22967
2297.7
2299.6
23015
2303.5
2305.4
2307.3
2309.3
2311.2
23131
2315.1

e
OCOBNOODHAMNO

-
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-
ANODOEANO

16
18

20
22
24
26
28
30
32
34
36
38

42
44
46
48
50
52
54
56
58

[-- N~ N AN e)

10

14
16
18

20
22
24
26
28
30
32
34
36
a8

40
42
44
46
a8
50
52
54
56
58
60

LC
44778

AAQNH Q

S50V.o

4483.9
44870

Ll TRy

4490.0
4493.1
4496.2
4499.2
4502.3
4505.4

4508.4
4511.5

4536.0
4539.1
4542.1
4545.2
4548.2
4551.3
4554 .4
4557.4
4566.5
4563.6
4566.6
4569.7

Table A-6. Functions of 1° curves (continued)

440

46°

455.5

AERE 1
235G

456.8
457.4

s/

458.1
458.7
459.4
460.0
460.7
461.3

462.0
462.7
463.3
464.0
464.6
465.3
466.0
466.6
467.3

ART7T O
507.9

468.6
469.3
469.9
470.6
471.2
471.9
472.6
473.2
473.9
474.5
475.2

2432.2

2424 2
L5002

2436.1

2428 1

L5060

2440.1
24421
24440
2446.0
2448.0
2449.9

2451.9
2453.9
2455.9
2457.8
2459.8
2461.8
2463.8
2465.7
2467.7
2455.7
24717
2473.6
2475.6
2477.6
2479.6
2481.6
2483.5
2485.5
2487.5
2489.5
2491.5

Lc
4569.7

ALTN T
“4J7L.1

4575.8

AETQ O
5370.0

4581.9
4584.9
4588.0
45910
4594.1
4597.1

4600.2
4603.2
4606.3
4609.3
4612.4

45°

47°

2491.5
2453.4
24954

nAQT A
LT 7.9

2499.4
2501.4
25034

0RO

-t ek a2
MohNnNO®OAND

p WWWWWwNNNON N
8 BERLERRENE

BTEEXVBEERN



Lc

4661.2
4664.2
4667.3
4670.3
4873.3
4676.4
4679.4
46825

4685.5
4688.5

4691.6
A694 8

SVI5.C

4697.6
4700.7
4703.7
4706.7
4709.8
47128
47159
4718.9

47219
4725.0
4728.0
4731.0
47341
4737.1
4740.2
4743.2
4746.2
4749.3
47523

Table A-5. Functions of 1° curves (continued)

M

495.4
496.0
496.7
4974
498.1
498.8
499.4
500.1

600.8
501.5

6502.2

502 8

SVED

503.5
504.2

504.9
505.8

506.2
506.9

V8.8

507.6
508.3

509.0
509.6
510.3
511.0
511.7
5124
5131

5138
5145
516.2
515.9

48°

50°

E

542.3
543.1
543.9
544.7
545.5
546.4
647.2
548.0
548.8
549.6

550.5

RE1 2
B33

552.1
552.9
563.7

854 8

SSS.T

555.4
5562

cot.L

557.0
557.8

558.7
559.5
560.3
561.2
662.0
562.8
563.7
564.5
565.3
566.2
567.0

2571.1

2E72 1
&Sia.0

2575.1
25771
2579.1

27ER1 1

&ST .1

2583.1
2585 1

30831

2587.2
2589.2

2591.2
2593.2
2595.2
2597.2
2599.2
2601.2
2603.2
2605.2
2607.2
2609.3
2611.3

T

2671.9
2673.9
2676.0
2678.0
2680.0
2682.1
2684.1
2686.1
2688.2
2690.2
2692.3

2694.3
2696.3

LC
4752.3

4776.5
4779.6

4782.6

A7QE &
&47/85.0

4788.7
4791.7
4794.7

A7Q7 7

87/97.

4800.8
4802 8

{OVS.O

4806.8
4809.9

4812.9
4815.9
4819.0
4822.0
4825.0
4828.0
4831.1
4834.1
4837.1
4840.2
4843.2

49338.6
4942.6
4945.6
4948.6
4951.6

49726
4975.6
4978.6

4981.8

M

515.9
516.5
5i7.2
517.9
518.6
519.3
520.0
520.7
6214
522.1

522.8

E22 B
D&, 0

524.2
6249
525.6

82812
S&£T.O

527.0

8277

SLi.d

528.4
529.1

529.8
530.5
631.2
531.9
632.6
633.3
534.0
534.7
635.4
636.1
536.8

48°

51°

E

567.0
667.8
568.7
569.5
5703
571.2
572.0
572.8

673.7
574.5

675.3

£E78 2
WIV.L

577.0
577.9
578.7

RE7Q &

S79.C

580.4

EQ1 12

b s R |

582.1
583.0

583.8
584.7
585.5
586.4
587.2
588.1

588.9
6589.8
690.6
591.5
5924

2631.4

M2 K
LUI.9

2635.5
2637.5
2639.5

2841 K

LTSS

2543.5

I8AR R
& ]

S&3.

2647.6
2549.6

2651.6
2653.7
2655.7
2657.7
2659.7
2661.8
2663.8
2665.8
2667.8
2669.9
26719

2741.2
27433
27453
27474
2743.4
2751.5

2753.5
2765.6
2757.7
2759.7
2761.8
27638
2765.9
2767.9
27700
27720

27741
2776.2
2778.2
2780.3
2782.3
2784.4
2786.4
2788.5
2790.6
2792.6
2794.7

-t b b
CHBEBNODOMNO

DN NN
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FM 5-233

Table A-56. Functions of 1° curves (continued)

52° 63°
LC M E T LC M E T
0 5023.7 579.9 645.2 27947 51135 602.0 672.7 2856.9
2 5026.7 6580.6 646.1 27968 51165 602.8 673.7 2858.9
4 5029.7 581.3 647.0 27988 51194 603.5 674.6 2861.0
6 5032.7 582.1 647.9 28009 51224 604.3 675.5 2863.1
8 5035.7 582.8 648.9 2803.0 51264 605.0 676.4 2865.2

10 65038.7 583.5 649.8 28050 51284 605.8 677.4 2867.3
12 5041.7 584.3 650.7 28071 5131.3 606.5 678.3 2869.4
14 5044.7 585.0 651.6 2809.2 51343 607.3 679.2 28715
16 5047.7 5856.7 652.5 2811.2 51373 608.0 680.2 28735
18 5050.7 586.5 6534 28133 51403 608.8 681.1 2875.6

20 5053.6 587.2 654.3 28154 5143.2 609.5 682.0 2877.7
22 5056.6 587.9 655.2 28174 5146.2 610.3 683.0 2879.8
24 6069.6 588.7 656.2 28195 51492 611.0 683.9 2881.9
26 5062.6 589.4 657.1 2821.6 51521 611.8 684.9 2884.0
28 5065.6 590.1 658.0 2823.6 5165.1 6125 685.8 2886.1
30 5068.6 530.9 658.5 28257 5id8.i 6133 688.7 2888.1
32 5071.6 591.6 659.8 28278 5161.1 614.0 687.7 2890.2
34 5074.6 592.3 660.7 2829.8 51640 614.8 688.6 2892.3
36 65077.6 593.1 661.6 28319 5167.0 615.5 689.6 2894 .4
38 5080.6 593.8 662.5 28340 5170.0 616.3 690.5 2896.5

a0 5NR2 B 594 B AB3.5 2836.1 £5173.0 817.0 69156 2898.6

42 5086.6 696.3 664.4 2838.2 6175.9 617.8 692.4 2900.7
44 50898 5060 6663 28402 51789 6818.56 693.4 2002.8

46 5092.6 596.7 666.2 28423 6181.9 619.3 624.3 2804.9
48 65096.6 697.6 6867.2 28444 51849 620.1 696.3 29807.0
50 6098.6 598.2 668.1 28465 5187.8 620.8 686.2 29809.1
B2 6101.8 E9R 9 6869.0 28485 51908 621.5 697.1 2811.2

54 6104.6 599.7 699.9 2860.6 65193.8 622.3 698.1 2813.3
58 §107.6 600.4 870.8 2862.7 6196.7 623.0 699.0 2816.4

68 61106 601.2 671.8 28648 5198.7 623.8 700.0 2817.6
80 51135 802.0 872.7 2866.9 6202.7 624.8 700.9 2818.6

64° B6°
Lc M E T LC M E T
65202.7 624.8 700.9 29186  B291.7 647.4 729.9 2982.8
6206.7 625.4 701.9 2921.86 52946 648.1 730.8 2984.9

5208.8 626.1 702.8 29238 5297.6 648.9 731.8 29871
5211.8 626.9 703.8 2926.9 5300.6 649.6 732.8 2989.2
52146 627.6 704.8 29280 530356 660.4 733.8 2991.3
10 62176 6284 706.7 2930.1 5306.4 661.2 734.8 2993.4
12 52205 629.2 708.7 2932.2 53094 662.0 736.8 2996.6
14 62235 6298.9 707.7 29343 63123 662.7 736.8 2097.7
16 52264 630.7 708.6 29364 5316.3 663.6 737.8 2999.8
18 52284 631.4 709.6 29386 5318.2 664.3 738.7 3001.9

20 52324 632.2 7105 2940.6 5321.2 655.1 739.7 3004.0
22 52356.3 633.0 7116 29427 53241 655.8 740.7 3006.2
24 5238.3 633.7 7125 29448 53271 656.6 741.7 3008.3
26 5241.3 634.5 713.4 2946.9 65330.0 667.4 742.7 30104
28 5244.2 635.2 714.4 2949.0 5333.0 658.2 743.7 30125
30 5247.2 636.0 715.3 2951.1 5335.9 658.9 744.7 3014.7
32 5250.2 636.8 716.3 2953.2 53388 659.7 745.7 3016.8
34 5253.1 6376 773 29653 53418 660.5 746.7 30189
36 5256.1 638.3 718.2 29575 53447 661.

1
38 5259.1 639.0 719.2 29596 53477 662.0 748.7 3023.2

o®»®bH MO

AN E229 N caaa 190 7 nac1 7 E2EN & aen 7,
sy LUV UJ35.0 rAvA LIG .4 JIVV.U U0<.C i

AGQ 7
42 6265.0 640.6 7211 2963.8 5353.6 663.6 750.7 30275
44 5268.0 641.3 7221 2965.0 5356.5 664.4 751.7 3029.6
46 6270.9 642.1 723.1 2968.0 53595 665.1 752.6 3031.7

ae £E272 0 gAN O 174 1 2070 1 £E269 A acc Q IE2 8 2Nn227 0
<0 Veig.g vhe.0 res.0 LIV JIVL. T UUJ.I I99.9 GUII.0
50 5276.9 643.6 725.0 2972.2 53654 666.7 754.6 3036.0
£9 £E270 0 £AA A L Y-¥e) 2074 A E2£Q 2 Y- N JICE & 2120 1
o< SLr3.9 Tinie. 1&0.U Fa- JI0VG.3 CO/.0 199.G SUI0. 1

54 6282.8 645.1 727.0 29766 53713 668.3 756.6 3040.2
56 5285.8 645.9 728.0 29786 5374.2 669.1 757.6 3042.4
58 5288.7 646.6 729.0 2980.7 63772 669.9 758.6 3044.5

an 5901 7 8A7 A 7200 20892 9 280 1 8707 750 8 2ANAR &
ouv DLeTN.q Lo iLS.0 L£IGL.C JIOU. 1 Giv.r i03.9 UGG

xdDHENO



om»HNO

10

14
16
18
20
22
24
26
28
30
32
34

13
oY

38

40
a2

44
48

48
50
52
54
56
58
60

LC

5380.1
5383.0
5386.0
5388.9
5391.8
5394.8
5397.7
5400.7

5403.6
5408.5

5409.5
5412.4
5415.3
5418.3

RA21 2

OF&Li.L

5424.1
6427.1
65430.0

D453V

5436.9
5438.8

EAAY O
O%% 1.0

54447
5447.8
5450.8
5453.6
5466.5
5458.4
5462.3
5466.3
5468.2

5631.5

coanaa
Y0994

5637.3
5640.2
5643.1

Table A-5. Functions of 1° curves (continued)

56°
M

670.7
671.4
672.2
672.9
673.7
674.4
675.2
676.0

676.8
§77.8

678.4
679.2
680.0
680.8
RA1 R

Sor.O

682.4
683.2
684.0

00%.0

685.6
686.4

(- )
Uo/.L

688.0
688.8
689.8
8580.4
691.2
882.0
692.8
693.6
694.4

68°

718.4
719.2
7200
720.8
721.8
722.4
723.2
724.0
724.8
726.8
726.5
727.3
728.1
728.9
7297
730.5
731.3
732.1

722 @
io&e.S

733.7

734.6
735.4
736.2
737 0

isis

737.8
738.6
739.4

240 9
I9V.4

741.0
7419
742.8

E

759.6
760.6
761.6
7627
763.7
764.7
765.7
766.7

767.7
788.7

769.7
7708
7718
7728
7738

F19.G

774.8
776.8
776.8

fri7r.o

778.9
779.9

TN a
IouV.g

781.9
783.0
784.0
785.0
786.0
787.1
788.1
789.1
780.2

T

3046.6
3048.8
3050.9
3053.1
30656.2
3057.4
3059.5
3061.6

3063.8
3085.9

3068.1
3070.2
3072.4
3074.5
3078.8

S iG.C

3078.8
3080.9
3083.1

anae 2
V00.4

3087.4
3089.6

aNna1 7
R T

3093.9
3096.0
3098.2
3100.3
3102.6
3104.8
3108.8
3108.9
31111

LC

5468.2
5471.1
5474.0
5477.0
5479.9
5482.8
5485.7
5488.7

5491.6
5404 5

5497.4
5600.3

zean o
QULV.0

5623.7
5626.7

ER2G R
CO&T. U

5632.6
5636.4
5638.2
5541.3
5644.2
5647.1
5660.0
5663.0

5666.8

£794 12
Qiei.g

57242
57271
5730.0

87°
M

694.4
695.2
696.0
696.8
697.6
698.4
6989.2
700.0
700.8
0.6

702.4
703.2
704.0
704.8
7088

iINS.T

706.4
707.2
708.0

ne o
V0.0

709.6
7104

711 2

AR

712.0
7128
713.6

2444
1199

716.2
7180
718.8
7176
718.4

22N1 B
GOV I.I

3303.8
3306.0
3308.2

0oMmENO

10

14
186
18
20
22
24
26
28
32
34

28
9T

38
40

S&

48
48

EN
A

=a
0%

68
68
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FM 5-233

Table A-5. Functions of 1° curves (continued)

60° 61°
LC M E T LC M E T

0 57300 7677 8864 33082 58i64 7928  §202 3375.2. O
2 57329 7685 8875 33104 5819.3 7937 9214 33774 2
4 57358 7884 8887 33127 58221 7%46 9225 33787 4
6 57386 7702 689.8 33149 58260 7954 9236 33819 6
8 57415 7711 8909 33171 58279 7963 9248 33842 8
10 57444 7719 8920 33193 68307 797.1 9269 33864 10
12 57473 7727 8931 33216 58336 7980 9271 33887 12
14 57502 773.6 8943 33238 68365 7988 9282  3390.9 14
16 57530 7744 8954 33260 58393 7997 9293 33932 16
18 57559 775.3 8965 33283 58422 8005 9305 33954 18
20 57588 7761  897.6 33305 58451 8014 9316 33977 20
22 57617 7769 8988 33327 58479 8022 9328 33999 22
24 57646 777.8 8999 33349 58508 8031 9339 34022 24

26 5767.4 778.6 901.0 3337.2 5853.7 803.9 936.1 3404.4 26
28 5770.3 779.5 902.1 3339.4 58565 804.8 938.3 3406.7 28
30 5773.2 780.3 903.2 3341.6 58594 805.6 9374 3408.9 30
32 6776.1 781.1 904 .4 33439 58623 806.5 938.6 3411.2 32
34 5779.0 782.0 905.5 3346.1 5865.1 807.3 939.7 34135 34

36 57818 782.8 8086.6 33483 58680 808.2 2408 34187 36

38 6784.7 783.7 907.7 3350.6 58709 809.0 942.1 3418.0 38

40 5787.6 784.5 908.8 3362.8 5873.7 809.9 943.2 3420.3 40
42 5790.5 785.3 810.0 3355.0 5876.6 810.7 944.4 34226 42
44 6793.4 786.2 911.% 3367.3 58795 811.6 945.5 34248 44
46 5796.6 787.0 918.8 3369.56 58823 8124 946.7 34271 46
48 5799.1 787.9 913.4 3361.8 5885.2 813.3 947.8 3429.3 48
50 5802.0 788.7 9145 3364.0 5888.1 814.1 949.0 3431.6 50
52 5804.9 789.5 915.7 3366.2 58909 816.0 950.2 3433.9 52
54 5807.8 790.4 9168 3368.56 58938 815.8 951.3 3436.1 54
56 5810.6 791.2 918.0 3370.7 5896.7 816.7 952.5 3438.4 56
58 5813.5 792.1 919.1 3373.0 58995 8175 963.6 3440.7 58

an ca1o A 2067 o ann 2 anIE 2 cang A aia A [ Y-V. -] 2449 0 an

ov 2010.9 134.9 JLU. L SI70.L QIVLH OI0.% IJO%.O DL T ov
62° 63°
Lc M E T LC M E T
o] 5902.4 818.4 954.8 34429 59878 844.4 9903 3511.3 0
2 59052 8193 956.0 34452 59906 8456.3 9915 3513.6 2
4 5908.1 820.1 957.2 34475 599356 846.2 992.7 3515.9 4
6 5910.9 821.0 958.3 3449.7 5996.3 847.1 9939 3518.2 6
8 5913.8 821.8 859.5 34520 5999.1 8479 995.1 3520.5 8

10 5916.6 822.7 960.7 34543 60020 848.8 996.3 35228 10
12 5919.56 823.6 961.9 3456.6 6004.8 849.7 997.5  35256.1 12
14 5922.3 824.4 963.0 3458.8 6007.7 850.6 988.7 356274 14
16 5926.2 825.3 964.2 3461.1 6010.5 851.4 9999  3529.7 16
18 5928.0 826.1 965.4 34634 60133 862.3 1001.1 3532.0 18

20 59309 8270 966.6 34657 60162 8532 10023 35343 20
22 59337 827.9 9678 3467.9 6019.0 8541 10035 35366 22
24 59366 8287 9689 34702 6021.8 8549 10047 35389 24
26 59394 8296 9701 34725 60247 8558 10059 3541.2 26
28 59423 8304 971.3 34747 60275 8567 1007.1 35435 28
30 59451 831.3 9725 34770 60303 8576 10084 35458 30
32 5847.9 8322 9736 34793 60332 8584 1009.6 35481 32
34 59508 8330 9748 34816 60360 8593 10108 35504 34
36 5953.6 833.9 9760 34839 60389 8602 10120 35527 36
38 59565 8347  977.2 34862 60417 861.1 10132 35550 38

40 59569.3 836.6 978.4 3488.5 6044.5 861.9 1014.5 3557.3 40
42 5962.2 836.5 979.6 3450.7 80474 862.8 1016.7 3558.0 42
44 5965.0 837.4 980.8 3483.0 60502 863.7 1016.9 3562.0 44
46 5967.9 838.3 982.0 34953 6053.0 864.6 1018.1 3564.3 46
48 5970.7 839.1 983.2 3497.6 6055.9 865.4 1019.3 3566.6 48
&N 59738 8400 aga 4 34009 8088 7 86863 1020.6 3B68.9 80
52 5976.4 840.9 985.5 3502.2 6061.6 867.2 1021.8 3571.2 52
54 £5979.3 8417 9867 35045 60644 8681 10230 35735 64
56 5982.1  842.6 9879 35068 6067.2 8689 10242 35758 66
58 69850 8435 989.1  3509.0 6070.1 8698 10254 35781 58

60 5987.8 844.4 980.3 3511.3 60729 870.7 1026.7 35804 60

A-80
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10
12
14
16
18

20
22

26
28
30
32
34
36
38

An

40
42
44
46
48
50

(3]
S<

54
56

58
80

Lc

6241.6
6244.4
6247.2

8260 N
TLou.U

6252.7
6255.5
6258.3
62611
6263.9
6266.7

6269.5
6272.3
6275.0
6277.8
6280.6
6283.4
6286.2
6289.0
62918
62945

anar 2
VLI 7.5

6300.1
6302.9
6305.7
6308.5
6311.3

f£21A 1
Sois.a

6316.8
6319.6
6322.4

Table A-5. Functions of 1° curves (continued)

64°
M E

870.7 1026.7
8715 1027.9
8724 1029.2
873.3 10304
874.2 1031.7
875.1 1032.9
875.9 1034.1
876.8 10364
877.7 1036.6
878.6 1037.8

8795 1039.1
880.3 1040.3
881.2 1041.6
882.1 1042.8
883.0 1044.1
883.9 1045.3
884.7 1046.5
885.6 1047.8
886.5 1049.0
887.4 1060.3

888.3 1061.5
889.2 1052.7
890.1 1054.0
891.0 1065.2
891.9 1066.5
892.8 10567.7
893.7 10569.0
894.6 1060.2

895.5 1061.56

896.4 1062.7
897.3 1064.0
66°
M E

940.8 11256
941.7 1126.9

aan o aama

9426 1128.3
943.5 1129.6
944 .4 1130.9
945.3 1132.2

946.3 11335
9472 11349
8481 1136.2

949.0 11376
949.9 1138.8

950.8 1140.1
2518 11418

3645.7
3648.1
36504

T

37211
3723.4
3725.8

2720 2
37£0.2

3730.6
3732.9
3735.3
37377
37401
37424

37448
3747.2
3749.6
3751.9
37543
3756.7
3759.1
3761.5
3763.9
3766.3

amaa

3768.7
3771.0
37734
3775.8
3778.2
3780.6

2702 N0
2/03.V

3785.4
3787.8
3790.2

3792 86
<

i8&.C

LC

6325.2
6328.0
6330.7

£222 &
U399.0

6336.3
6339.0
6341.8

8344 &
S355.C

63474
6350.1

6352.9
6355.7
6358.4
6361.2
6364.0
6366.7
6369.5
6372.3
6375.1
6377.8

noan o

6380.0
6388.4
6386.1

6388.9
6391.7
6394.4

ana7 9
0397.4

6400.0
6402.8

6405.5
640R.2

S4&UG.&

M

951.8
952.7
953.6

acAE
I94.5

955.5
956.4
957.3

aggQ 2

I30.L

959.2
960.1

961.0
961.9
962.9
963.8
964.7
965.6
966.6
967.5
968.4
969.3

9703
971.2
9721

973.0
974.0
974.9

avE o
I79.0

976.8
977.7
978.6

Q7a 8§

$i9.O

65°

67°

E

1064.0
1065.2
1066.5
1067.7
1069.0
1070.2
1071.5
1072.7
1074.0
1075.2

1076.6
1077.8
1079.1
1080.4
1081.7
1083.0
1084.2
1085.5
1086.8
1088.1

1089.4
1080.6
1091.9
1093.2
1094.6
1095.8
1097.0
1098.3
1089.6
1100.9
1102.2

E

11415
1142.8
11441

114 2
1140.4

1146.7
1148.1
11494

11807

1OV,

1152.0
1163.3

1154.7
1166.0
1157.4
1168.7
1160.1
1161.4
1162.8
1164.1
1165.5
1166.8

ii68.2
1169.5
1170.9
1172.2
11736
11749

1178 2
1170.9

1177.6
1179.0
1180.3

1181 §
' S

1R

3716.3
3718.7
37211

T

3792.6
3795.0
3797.4

2700 0
AR

3802.2
3804.6
3807.0

AgNa 4
<5

SUY. S

3811.8
3814.2

3816.6
3819.0
3821.4
3823.8
3826.2
3828.6
3831.0
38334
3835.9
3838.3

anan =

3840.7
38431

38455
38479
3860.4
3852.8

aace 9
2000.&

3857.6
3860.0
3862.5

R4 a

SGOR.U

ooobsNO

10
12
14
16
18

20
22
24
26
28
30
32
34
36
38

40
42
44

48
50
52
54
56
58
60
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6463.7
6466.3

C400.3

6469.0
6471.8
64745
6477.3
6480.1
6482.8
6485.6
6488.3
6491.1

/827 1
BOSS. 1

6635.9

RBR3R A

TCSS.T

6641.3
6644.0
6646.7
6649.5
6652.2
6654.9

Table A-5. Functions of 1° curves (continued)

68°

E

1181.6
1183.0
11844
1185.7
1187.1
1188.5

11000
1109.0

1191.2

1102 &
1ige. O

1193.¢

1195.3
1196.7
1198.0
1199.4
1200.8
1202.1
12035
1204.9
1206.2
1207.6

1209.0
12103

1EIV.O

1211.7
1213.1
12145
12169
12173
1218.7
12201
12215
12229

3877.0

@70 &
J0/9.9

3881.9

n00A 2
BOCe.9

3886.8

3889.2
3891.6
3894.1
3896.5
3898.9
39014
3903.8
3906.3

ANK7 1
SUT/. 1

4069.6
40721
4074.6
4077.1
4079.6
4082.1
4084.6
40871

88512 N
Soiov

65158

6518.5
6521.2
6524.0
6526.7
6529.5
6532.2
6534.9
65637.7
6540.4
6543.2

6545.9
5548 6

CO50.C

65514
6554.1
6556.9

4

- = -

-
DO QOO

>

=
iRl

WR=O® O =

10

hoomoou

1088.4
1089.4
1090.4
1091.3
1092.3
1093.3
1094.3

69°

71°

E

12229
12243
12257
12271

12285
1229.0

1921 2
1£31.2

1232.7

12241
L5

12355

1236.9
1238.3
1239.7
1241.1
12425
1243.9
12453
12467
1248.1
12495

1250.8
1252.3

12340

1263.7
12565.1
1256.5
1257.9
1259.3
1260.7
1262.1
1263.5
1265.0

3940.6
3843.0
3945.5
35847.8
3950.4

20E2 O
STTc.T

3955.3

2AQR7 0
OU37.0

3960.2

3962.7
3965.2
3967.6
3970.1
39725
3975.0
397756
3980.0
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6896.8
6899.4
6902.1
6904.8
6907.4
6910.1

/012 7

Seis.i

691564

sa1en
GUiow

6920.7

6923.3
89260

SYLC .V

6928.6

2621 12
oTY3I.9

6933.9
6938.8
6939.2
6941.9
6944.6
6947.2
6949.9
69525
6955.2
6957.8
6960.5
6963.1
6965.8
6968.4
69711
6973.7
6976.4

Table A-5. Functions of 1° curves (continued)

1118.9

111040
1199

11208

1494 0
11£1.9

11229
11239

1153.8
1154.8
1155.8
1156.8
1167.8
1158.8
115908

LR &> K o]

1160.8

11981 0
11T1.0

1162.8

11639
11649

LRS-

1165.9

11800
1100.T

118679
1168.5
1169.9
1170.9
11719
1172.9
1174.0
1175.0
1176.0
1177.0
1178.0
1179.0
1180.0
1181.0
1182.0
1183.0
1184.1

72°

74°

13904

1209 N
137V

13935
1385.0

1396.6
1398.1

E

1444.7
1446.2
14478
14494
14510
1452.6
1484 1

18094

145656.7

1467 2
8379

1458.9

1460.5
14820

LeL Y

1463.6

140 9
1400.£4

1466.8
1488.4
1469.9
14716
14731
1474.7
14764
1478.0
1479.6
1481.2
1482.8
1484.4
1486.0
1487.7
1489.3
1490.9
14925

P kk kX

H53335.0

4336.2

A222 0
“990.0

4341 .4

4344.0
43487

SS83.7

43493

ARC4 O
“492391.9

4354.5
4357.%
4359.8
43624
4365.1
4367.7
4370.3
4373.0
43756
4378.3
4380.9
4383.5
4386.2
4388.8
43915
4394.1
4396.7

§QQ2 2

OYoL. L

6994.9

g0a7 E
$II7.9

7000.1

7002.8
7005.4

IOUS.S

7008.0

20N T
ViU r

70133
70i5.8
7018.6
7021.2
7023.9
7026.5
7029.1
7031.8
7034.4
7037.0
7039.7
7042.3
7045.0
7047.6
7050.2
7052.9
7055.5

M
11239

11494
11£4.0

11258
11268
11278
11288
1129.8
11308
1131.8
1132.8

11338
1134.8
11356.8
1136.8
1137.8
11388
1139.8
11408
11418
11428

1143.8
11448
11458
11468
1147.8
114838

11400
1i%J.0

1150.8
1151.8
1152.8

1153.8

73°

75°

1436.9

1a70 €
1450.9

1440.0

I441.0

m

1492.5
14941

1495.7
14973
1499.0
1500.6
1802.2

Tova.d

1503.8

1ENE 4
19U3.5

1507.0

1508.7
15103

LR RO NS]

1512.0

119
1913.9

15615.3
i5186.8
1518.5
1520.2
15621.8
15623.5
1525.1
1626.7
1528.4
1530.0
1631.7
1633.3
1534.9
1536.6
15638.2
1539.9
1641.5

4304.8

2207 A
SoUT.S

4310.0
43128
4315.2

4317.8

T

4396.7
4399.4
4402.1
4404.7
4407 4
4410.0
44127

S51&.7

4415.3

aa1a9n
S0V

4420.7

4423.3
4428.0

S50V

4428.6
44313
4434.0
4436.6
4439.3
44420
4444.6
44473
4450.0
4452.7
4455.3
4458.0
4460.7
4463.4
4466.0
4468.7
4471 .4
44741
4476.7
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CNHhHLNO

10

14
16
18

20
22
24

28
30
32
34
36

38

40
42
486
48
50
62
54
56
58
60

LC

7055.5
7058.1
7060.7
7083.3
7066.0
7068.6
7071.2
7073.8
7076.4
7079.0

7081.7
7084.3
7086.9
7089.5
70921
7094.7
7087.4
71000
7102.6
7106.2

7107.8
71104

4aa 4

711341
7116.7
7118.3
7120.9
71235
71261
7128.8
7i31.4
7134.0

LC
72120

72148
7217.2
7219.7
7222.3
7224.9
72275
7230.1
72327
7235.2

7237.8
7240.4
72430
72456
7248.2
7250.7
7253.3
72556.9
7258.5
7261.1

—nnn -

7263.7
7266.2
7268.8
72714
7274.0
7276.6
7279.2
7281.7
7284.3
7286.9
72895

Table A-5. Functions of 1° curves (continued)

76°
M E

12147 15415
1216.7 1543.2
1216.7 15449
1217.8 15465
12188 1548.2
1219.8 15489
12209 15516
12219 15563.2
1222.9 1554.9
12240 15565

1225.0 15658.2
1226.0 15599
12271 1661.5
12281 1563.2
12291 16564.9
1230.2 15665
1231.2 1568.2
1232.2 1569.9
1233.3 1671.5
12343 15732

1235.3 15748
12364 15764

1nna a aE=n e

1237.4 i678.%
12384 1679.8
12395 168156
12405 1583.2
12415 156849
12426 1586.6

12436 1588.3
12448 1580.0
12456 1591.7
78°
M E

1276.9 1643.1
12780 16448
1279.0 1646.6
12801 1648.3
1281.1 1650.1
1282.2 16518
1283.2 1653.6
12843 16553
1285.3 1657.1
1286.4 1658.8

1287.4 1660.6
12885 16623
1289.5 1664.1
12906 1665.8
12916 16678
1292.7 1669.3
1293.7 16711
12948 16728
12958 1674.6
1206.9 1676.3

4nnT o 4anan

1287.9 1678.2
12990 16799
13000 1681.7
1301.1 1683.56
1302.1 1685.3
1303.2 1687.1
1304.2 1688.8
1305.3 16906
1306.3 16924
1307.4 1694.2
13085 1696.0

4678.8
4681.6
4684.4
4687.2
4689.9
4692.7

Anne &

4885.5
4698.3
4701.1
4703.9
4706.7
4709.5
4712.2
47150
4717.8
4720.6
4723.4

2nan o
134V.0

73433
7345.9
73484
7351.0
7363.6
7356.1

—-mn
7°

M E

12456 1591.7
12466 15934
1247.7 15951
1248.7 1536.8
12438 1598.5
1260.8 1600.2
1261.8 1601.9
1262.9 1603.6
1263.9 1605.3
1265.0 1607.0

1256.0 1608.7
12670 16104
1258.1 1612.1
1259.1 1613.8
1260.2 16155
1261.2 1617.3
1282.2 i618.0
1263.3 1620.7
12643 16224
12664 1624.1

12664 16259
1267.4 16276
1268.5 1628.3
1269.5 1631.0
1270.6 1632.7
1271.6 1634.5
1272.7 1636.2
1273.7 1637.9
12748 1638.6
127568 16413
1276.9 1643.1

79°

M E
1308.5 1696.0

1308.56 1687.7
1310.6 16995
1311.7 17013
1312.7 1703.1
1313.8 17049
13149 1706.6
1316.9 1708.4
1317.0 17102
1318.1 17120
1319.1 1713.8
1320.2 1716.6
1321.3 17174
13223  1719.2
13234 17210
13245 172238
13266 17246
1326.6 17264
1327.7 17282
1328.7 1730.0

12390 0 14721 0
13£9.0 1/791.9

13308 1733.7
13319 173565
13330 17373
1334.1 1739.1
1336.2 17409
1336.2 17427
1337.3 17445
1338.4 1746.3
1339.5 1748.1
13406 1750.0

T

4557.8
4560.5
4563.3
4566.0
4568.7
4571.5
4574.2
4576.9
4579.7
4582.4

4585.1
4587.9
4590.2
45933
4596.0
4598.8
4601.5
4604.3
4607.0
4609.8

4612.5
4615.3

Ac1an
4010.Vv

4620.8
4623.5
4626.3
4629.0
4631.8
4634.5
4837.3
4640.0



;NP NO

10
12
14
16
18

20
22
24
26
28
30
32
34
36
38

40
42
a4
46
48
50
52
54
56
58
60

Lc

7366.4
7368.9
7371.5
73740
7376.6
73791
7381.7
7384.2
7386.7
7389.3

7391.8
7394.4
73968.9
7399.56
74020
7404.5
74071
7409.6
74122
7414.7

7417.3
7419.8
7422.3
7424 .9
7427 .4
7430.0
74325
7435.1
7437.6
7440.1
74427

LC

7518.4
7520.9
7523.4
7525.9
7528.4
7530.9
7533.4
75356.9
7538.5
7541.0

75435
7546.0
7548.5
7551.0
7553.5
7656.0
7658.5
7561.0
7563.5
7566.0

7568.5
7571.0
7573.5
7576.1
7578.6
7581.1
7683.6
7586.1
7588.6
75911
7693.6

Table A-5. Functions of 1° curves (continued)

80°
M E

13406 1750.0
13417 17518
13427 17837
13438 17565
13449 17574
1346.0 1759.2
13470 17610
1348.1 1762.9
1349.2 1764.7
1360.3 1766.6

1361.3 1768.4
13524 1770.2
13635 17721
13648 17739
13666 17758
1366.7 1777.6
1367.8 17794
13689 1781.3
1359.9 1783.1
1361.0 17850

1362.1 1786.8
1363.2 1788.6
1364.2 1790.5
1365.3 1782.4
13664 17943
13675 1796.2
1368.5 1798.0
1369.6 17999
1370.7 1801.8
1371.8 1803.7
13728 18055

82°
M E

140556 18623
1406.6 1864.2
1407.7 1866.1
14088  1868.1
14098 1870.0
1411.6 18719
14121 1873.9
1413.2 1875.8
1414.3 1877.7
14154  1879.7

1416.5 1881.6
14176 1883.5
1418.7 1885.5
14198 1887.4
14209 1889.3
14220 18913
1423.1 1893.2
14242 18951
142563 1897.1
14264 1899.0

14275 1901.0
14286 18029
1429.7 1904.8
1430.8  1906.9
14319 1908.8
1433.0 18108
1434.1 1912.8
1435.2 1914.7
14363 1916.7
14374 19187
14386 19206

T

4808.0
4810.9
4813.7
4816.6
48194
48223
4825.1
4828.0
4830.8
4833.7

4836.5
4839.4
4842.2
4845.1
48478
4850.8
4853.7
4856.5
4859.4
4862.3

4865.1
4868.0
4870.9
4873.8
4876.6
4879.5
4882.4
4885.3
4888.1
4891.0
48939

4981.0
4983.9
4986.8
4989.8
4992.7
4995.7
4998.6
5001.5
5004.5
5007.4

50103
5013.3
5016.2
5019.2
5022.1

5025.0
5028.0
5031.0
5033.9
5036.9

5039.8
5042.8
5045.8
5048.7
650561.7
5054.6
5057.6
5060.6
5063.5
5066.5
5068.4

Lc

74427
74456.2
74477
7450.3
7452.8
7455.3
7457.8
7460.4
7462.9
74654

7467.9
7470.4
7473.0
7475.5
7478.0
74805
7483.1
7486.6
7488.1
7490.6

7493.2
7495.7
7498.2
7500.7
7503.3
7505.8
7508.3
7510.8
7513.3
7515.9
7518.4

LC

7593.6
7596.1
7598.6
7601.1
7603.6
7606.0
7608.5
7611.0
7613.5
7616.0

76185
7621.0
7623.5
7626.0
76285
7630.9
76334
7635.9
7638.4
7640.9

7643.4
76459
76484
7650.9
7653.4
7655.8
7658.3
7660.8
7663.3
7665.8
7668.3

81°
M E

13728 18B06.5
1373.9 18073
1375.0 1808.2
1376.1 1811.1
13771 1813.0
13782 18148
1379.3 1816.8
1380.4 1818.6
13814 18205
1382.5 18224

1383.6 1824.2
1384.7 1826.1
13856.7 1828.0
1386.8 1829.9
13879 1831.8
1389.0 1833.7
1390.1 1836.6
1381.2 18375
1392.3 18394
13934 1841.3

13945  1843.2
139566 1845.1
1396.7 1847.0
1397.8 18489
13989 18508
1400.0 18527
1401.1 1854.6
1402.2 18565
1403.3 1858.4
14044 18603
14065 1862.3

83°
M E

14385 19206
1439.6 19226
1440.7 19246
14418 19205
14420 19285
14440 19305
1445.1 19324
1446.2 19344
1447.3 1936.4
14484 19384

14496 19404
1450.7 19424
1451.8 1944.4
1452.9 1946.4
1454.0 19484
1455.1 1950.4
1456.2 1962.4
14573 19544
1458.4 1956.4
1459.5 1958.4

1460.7 1960.4
14618 19624
14629 19644
1464.0 19664
1465.1 1968.4
1466.2 19704
1467.3 1972.4
14684 19744
1469.5 1976.4
1470.6 1978.4
1471.8 1980.6

T

4893.9
4896.8
4899.7
4902.6
4905.4
49808.3
4911.2
49141
4917.0
4919.9

4922.8
4925.7
4928.6
4931.5
49344
4937.2
4840.2
4943.1
4649.0
4948.9

4951.8
4954.7
4957.6
4960.6
4963.5
4966.4
4969.3
4972.2
4975.1
4978.0
4981.0

5069.4
50724
5075.4
5078.4
5081.4
5084.4
5087.3
5090.3
5093.3
5096.3

5099.3
5102.3
5105.2
5108.2
5111.2
5114.2
5117.2
5120.2
6123.2
5126.2

5129.2
5132.2
5135.2
5138.2
5141.2
5144.3
6147.3
5150.3
5163.3
5166.3
6159.3

oA NO

10

14
16
18

20
22
24
26
28
30
32
34
36
38

40
42
a4
46
48
50
52
54
56
58
60
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OO ENO

10

14
16
18

20
22
24
26
28
30
32
34
36
38

40
42
44
46
48
50
52
54
56
58
60

LC

7815.8
7818.2
7820.6
7823.1
78255
7827.9
7830.3
7832.8
7835.2
7837.6

78400
78424
78449
7847.3
7849.7
7852.1
7854.6
7857.0
7859.4
7861.8

7864.3
7866.7
7869.1
7871.5
7874.0
7876.4
7878.8
7881.2
7883.6
7886.1
7888.5

Table A-5. Functions of 1° curves (continued)

M

1471.8
14729
1474.0
14751
1476.2
1477.4
1478.5
1479.6
1480.7
1481.8

1483.0
14841
1485.2
1486.3
1487.4
1488.6
1489.7
1490.8
1491.9
1493.0

1494.2
1495.3
1496 .4
1497.5
1498.6
1499.8
1500.9
1502.0
1503.1
1504.2
1505.4

M

1539.3
1540.4
1541.6
1642.7
1543.9
1545.0
15646.1
1547.3
1548.4
1649.6

1550.7
1551.8
1653.0
1654.1
15553
1556.4
15657.5
1568.7
1559.8
1661.0

1662.1
16563.2
1564.4
1565.5
1666.7
1567.8
1568.9
15701
1671.2
1672.4
1673.6

84°

E

1980.6
19825
1984.5
1986.6
1988.6
1990.6
1992.7
1994.7
1996.7
1998.8

2000.8
20028
2004.9
2006.9
2008.9
2011.0
2013.0
2015.0
2017.0
20191

2021.2
2023.2
20253
2027.4
20294
20315
2033.6
2035.6
2037.7
2039.8
2041.8

B6°

E

21048
21069
2109.1
2111.2
21134
21165
21176
21198
2121.9
21241

2126.2
21283
21305
2132.6
21348
2136.9
2139.0
21412
21433
21455

21477
21498
2152.0
2154.2
2156.4
2158.6
2160.7
2162.9
2165.1
2167.3
2169.5

T

5159.3
5162.3
5165.3
5168.4
51714
5174.4
5177.5
5180.7
£183.5
5186.6

5189.6
5192.6
5195.6
5198.7
5201.7
5204.7
65207.8
52108
5213.9
5216.9

5220.0
52231
5226.1
5229.2
5232.2
5235.5
5238.3
5241.4
52445
52475
5250.6

5343.3
5346.4
5349.5
5352.7
53656.8
5358.9
5362.0
5365.2
5368.3
5371.4

5374.6
8377.7
5380.8
5383.9
5387.1
5380.2
5393.4
5396.5
5399.7
6402.8

5406.0
5409.1
5412.3
5415.4
5418.6
54218
5424.9
5428.1
5431.2
5434.4
5437.56

LC

7888.5
7890.9
78933
7895.7
7898.1
7900.5
7903.0
7905.4
7907.8
7910.2

79126
7915.0
79174
79198
7922.2
7924.6
7927.1
7929.5
7931.9
7934.3

7936.7
7939.1
79415
7943.9
7946.3
7948.7
7951.2
7953.6
7956.0
7958.4
7960.8

85°
M

1505.4
1606.5
1507.6
1508.8
1509.9
1511.0
1512.2
15613.3
1514.4
1516.6

1616.7
1617.8
1519.0
1520.1
1521.2
1522.4
15235
1524.6
15256.8
1526.9

1528.0
15292
16303
1631.4
1632.6
1633.7
1534.8
1536.0
1637.1
1538.2
1639.3

87°
M

1573.6
1674.8
1675.9
16771
1578.2
1579.4
1680.5
1681.7
1682.9
1684.0

15885.1
1586.3
1587.4
1588.6
1589.7
1590.9
1592.0
1593.2
1594.3
1595.5

1596.6
1697.8
1598.9
1600.1
1601.2
1602.4
1603.5
1604.7
1606.8
1607.0
1608.2

E

2041.8
2043.9
2046.0
2048.0
2050.1
2052.2
2054.2
2066.3
2058.4
2060.5

2062.6
2064.7
2066.8
2068.9
2071.0
20731
2075.2
2077.3
2079.4
2081.5

2083.7
2085.8
2087.9
2090.0
2092.1
2094.2
2096.3
2098.4
2100.6
2102.7
2104.8

E

216925
21716
21738
2176.0
2178.2
2180.4
21825
21847
2186.9
2189.1

21913
21935
2195.7
21979
2200.1
2202.3
2204.5
2206.8
2209.0
2211.2

22134
2215.6
22178
2220.0
22223
22245
2226.7
2228.9
22311
22333
22356

T

5250.6
5253.6
5256.7
5259.8
5262.9
5266.0
5269.0
52721
5275.4
5278.3

52814
5284.4
5287.5
5290.6
5293.7
5296.7
5299.8
5302.9
5306.1
5309.2

5312.3
5315.4
5318.56
5321.6
5324.7
5327.8
5330.9
5334.0
5337.1
5340.2
5343.3

5437.5
5440.7
5443.9
5447.1
5460.3
5453.4
5456.6
5459.8
5463.0
5466.2

5469.4
5472.6
5475.7
5478.9
5482.1
5485.3
5488.56
5491.7
5494.9
5498.1

5501.3
5504.5
5507.7
5510.9
5514.1
5517.3
5520.5
6523.7
5526.9
5530.1
5533.3

oaeNO

10

14
16
18

20
22
24
26
28
30
32
34
36
38

42
44
46
48
50
52
54
56
58
60



oML NO

10

14
16
18

20
22
24
26
28
30
32
34
36
38

40
42
44
46
48
50
52
54
56
58
60

LC

7960.8
7963.2
7965.6
7968.0
7970.3
7972.7
7975.1
79775
7979.9
7982.3

7984.7
78871
7989.4
79918
7994.2
7996.6
7999.0
8001.4
8003.8
8006.1

8008.5
8010.9
8013.3
8015.7
8018.1
8020.5
8022.9
8025.2
8027.6
8030.0
80324

LC

81036
8105.8
8108.2
8110.5
81129
8115.2
8117.6
81199
81223
81246

8127.0
8129.3
8131.7
8134.0
81364
8138.7
81411
81434
8145.8
8148.1

81504
81528
8155.1
8167.5
8159.8
8162.2
8164.5
8166.8
8169.2
81715
81738

Table A-5. Functions of 1° curves (continued)

M

1608.2
1609.4
1610.5
1611.7
1612.8
1614.0
1615.2
1616.3
1617.5
1618.6

1619.8
1621.0
1622.1

1623.3
1624.4
1625.6
1626.8
1627.9
1629.1

1630.2

1631.4
1632.6
1633.7
1634.9
1636.0
1637.2
1638.4
1639.5
1640.7
1641.8
1643.0

M

1678.3
1679.5
1680.6
1681.8
1683.0
1684.2
1685.4
1686.5
1687.7
1688.9

1690.1
1691.3
16925
1693.6
1694.8
1696.0
1697.2
1698.4
16989.6
1700.7

1701.9
1703.1
1704.3
17055
1706.7
1707.9
1709.0
1710.2
17114
17126
17138

88°

90°

E

2235.6
22378
2240.1
22423
22446
22468
22491
22513
2253.6
22558

22581
2260.4
2262.7
2264.9
2267.2
2269.5
227117
2273.9
2276.2
2278.5

2280.8
2283.0
22853
2287.6
2289.9
22922
22944
2296.7
2299.0
2301.3
2303.6

E

23734
2375.8
23782
2380.5
23829
2385.3
2387.6
2390.0
23924
2394.7

23971
23995
2401.9
2404.3
2406.6
2409.0
24114
24138
2416.2
2418.6

2421.0
24234
24258
2428.2
2430.6
2433.0
24354
243798
24403
24427
24451

T

5533.3
5536.6
5639.8
5543.1
5546.3
55495
5562.8
6556.0
5569.2
6562.5

5565.7
5568.9
5572.2
5575.4
5578.6
5581.9
5585.1
5588.4
5591.7
5594.9

5698.2
5601.4
5604.7
5608.0
5611.2
5614.5
5617.8
5621.0
5624.3
5627.5
5630.8

T

5730.0
6§733.3
5736.7
5740.0
57434
5746.7
5750.0
57534
5756.7
5760.1

6763.4
5766.8
5§770.1
57735
5776.9
5780.2
5783.6
5787.0
5790.3
5793.7

5797.1
5800.4
5803.8
5807.2
6810.6
5814.0
5817.3
5820.7
6824.1
5827.5
6830.9

LC

80324
8034.8
8037.1
8039.5
8041.9
8044.2
8046.6
8049.0
8051.4
8063.7

8056.1
8058.5
8060.8
8063.2
8065.6
8067.9
8070.3
8073.7
8075.1
8077.4

8079.8
8082.2
8084.5
8086.9
8089.3
8091.6
8094.0
8096.4
8098.8
8101.1
81035

LC

81739
8176.2
81785
8180.9
8183.2
81855
8187.9
8190.2
81925
8194.8

8197.2
8199.5
8201.8
8204.2
8206.5
8208.8
8211.1
82135
8216.8
8218.1

82204
822238
8225.1
82274
8229.7
8232.0
8234.3
8236.7
8239.0
8241.3
8243.6

M

1643.0
1644.1
1645.3
1646.5
1647.7
1648.9
1650.0
1651.2
1652.4
1653.6

1654.8
1655.9
1657.1
16568.3
1659.56
1660.7
1661.8
1663.0
1664.2
1665.4

1666.6
1667.7
1668.8
1670.0
1671.2
16724
1673.5
1674.7
1675.9
1677.1
1678.3

M

1713.8
1716.0
1716.2
17174
1718.6
1719.7
1720.9
17221
17233
17245

1725.7
1726.9
1728.1
1729.3
1730.5
1731.7
1732.9
17341
17353
1736.4

1737.6
1738.8
1740.0
1741.2
1742.4
1743.6
1744.8
1746.0
1747.2
17484
1749.6

89°

91°

E

2303.6
23059
2308.2
2310.5
2312.8
23156.1
2317.4
2319.7
2322.0
23243

2326.7
2329.0
2331.3
2333.7
2336.0
2338.3
2340.7
2343.0
23453
2347.7

2350.0
23523
2354.7
2357.0
2359.3
2361.7
2364.0
2366.3
2368.7
2371.0
23734

E

24451
24475
24500
24524
24548
2457.2
2459.7
24621
24645
2467.0

24694
2471.9
24743
2476.7
2479.2
24816
24841
24865
2489.0
24915

2493.9
2496.4
2498.9
2501.3
2503.8
2506.3
2508.7
2511.2
2513.7
2516.2
2518.7

T

5630.8
5634.1
5637.4
5640.7
5644.0
5647.3
5650.6
5653.9
6657.1
5660.4

5663.7
5667.0
5670.3
5673.6
5676.9
5680.2
5683.5
5686.8
6690.2
5693.5

5696.8
5700.1
§5703.4
5706.8
5710.1
57134
5716.7
5720.0
5723.4
5726.7
5§730.0

5830.9
5834.3
5837.7
5841.1
58445
5847.9
5851.3
65854.7
5858.1
5861.56

4864.9
5668.3
5871.8
5875.2
5878.6
5882.0
5885.4
5888.9
5892.3
5895.7

5899.2
5902.6
5906.0
5809.4
59129
65916.3
5919.8
6923.2
5926.7
5830.1
5933.6

oo dNO

10
12
14
16
18

20
22
24
26
28
30
32
34
36
38

40
42
44
46
48
50
52
54
56
58
60

FM 5-233

A-87



FM 5-233

oeHOO

10

14
16
18

20
22
24
26
28
30
32
34

38

42

46
48
50
52
54
56
658
60

OOENO

10
12
14
16
18

20
22
24
26
28
30
32
34
36
38

42

46
48
50
62
54
66
68
80

LC

82438
8245.9
8248.2
8260.6
82629
8265.2
8267.6
8269.8
8262.2
8264.5

8266.8
8269.1
8271.4
8273.7
8276.0
8278.3
8280.6
8282.9
8285.2
8287.5

8289.8
8292.1
82944
8296.7
8299.0
8301.3
8303.6
83056.9
8308.2
8310.5
8312.8

-
[#]

8381.3
8383.6
8385.9
8388.1
8380.4
8392.7
8395.0
8357.2
83995
8401.7

8404.0
8406.3
8408.5
8410.8
8413.1
841563
8417.6
841585
8422.1
84244

8426.6
8428.9
8431.2
84334
8436.7
8437.9
8440.2
84424
8444.7
8447.0
8449.2

Table A-8. Functions of 1° curves (continued)

92°
M E
17496 2518.7
1760.8  2621.2
17620 2523.6
1763.2 2526.1
17644 2528.6
1756.6 2631.1
1756.8 2533.6
1768.0 2636.1
1769.2 23386
17604 25411
1761.86 2b643.6
1762.8 2546.1
1764.0 256486
1766.2 2661.2
1766.4  2653.7
1767.6  2556.2
1768.8 2658.7
1770.0 26612
1771.2 25638
177256  2566.3
1773.7 2568.8
17749 25713
1776.1 25732
1777.3 25764
1778.5 25789
1779.7 25815
1780.8 25840
1782.1  2586.6
1783.3 2589.1
17845 25917
1786.7 2594.2
94°
M £
1822.2 26718
18234 26744
1824.6 2677.0
1825.8  2679.7
1827.0 26823
1828.3 2684.9
1829.5 2687.6
1830.7 286%0.2
1831.9 269238
1833.1 2695.6
18344 2698.1
1835.6 27008
18368 27034
1838.0 2706.1
1839.3 2708.7
18405 27114
1841.7 27140
i842.5 2718.7
18442 27193
18454 27220
1846.6 27247
18478 27273
1849.1 2730.0
1860.3 2732.7
18561.5 27354
1852.7 2738.0
1854.0 24707
1865.2 27434
1866.4 2746.1
1867.6 2748.8
1868.9 27516

T

5933.6
5937.0
6940.5
5944.0
5947.4
5950.9
5964.4
5967.8
6961.3
5964.8

5968.2
5971.7
5975.2
65978.7
5982.2
5985.6
5989.1
5992.6
5996.1
5999.6

6003.1
6006.6
6010.1
6013.6
6017.1
6020.6
6024.1
6027.6
6031.1
6034.6
6038.2

T
i

6144.7
6148.3
6161.9
61565.4
61569.0
6162.6
6166.2
6169.8
6173.4
6177.0

6180.6
6184.2
6187.8
6191.5
6195.1
6198.7
6202.3
5205.8
6209.5
6213.2

6216.8
6220.4
6224.1

6227.7
6231.3
6235.0
6238.6
8242.3
6245.9
62498
6263.2

LC

8312.8
8316.1
83174
8319.7
8322.0
8324.3
8326.6
8328.8
8331.1
8333.3

8335.8
8337.9
8340.2
83425
8344.8
8347.1
8349.4
8351.7
8354.0
8356.3

8358.5
8360.8
8363.1
8365.4
8367.7
8369.9
8372.2
8374.5
8376.8
8379.1
8381.3

(el
[

8449.2
84516
8453.7
8456.0
8458.2
84604
8462.7
84864.9
8467.2
8469.4

8471.7
8473.9
8476.2
8478.4
8480.7
84829
8485.1
84874
8489.6
8491.9

84941
8496.3
8498.6
8500.8
8603.0
8506.3
8607.6
8505.8
8612.0
8614.2
8616.4

83°
M E
1786.7 2694.2
1786.9 2b696.8
1788.2 26993
17894 2601.9
17906 26044
1791.8  2607.0
1793.0 2609.6
17942 26121
17964 26147
1796.6 2617.3
17978 2619.8
1799.1 2622.4
1800.3  2625.0
1801.56 2627.6
1802.7 2630.2
1803.89 2632.7
1805.1 2635.3
1806.3 2637.9
1807.6 2640.5
1808.8 2643.1
18100 2645.7
1811.2  2648.3
18124  2650.9
1813.6 2653.5
18149  2656.1
1816.1 2658.7
1817.3 2661.3
181856 2663.9
1819.7 2666.6
18208 2669.2
1822.2 26718
95¢
M £
18589 27515
1860.1 2754.2
1861.3 2756.9
1862.6  2759.0
1863.8 27623
1865.0 2765.0
1866.3 2767.7
i1867.56 27704
1868.7 2773.1
1869.9 27758
1871.2 27785
18724 2781.2
1873.6 27840
18749 2786.7
1876.1 2789.4
1877.3 27921
1878.6  2794.9
1878.8 278786
1881.0 2800.3
1882.3 2803.1
1883.56 28058
1884.8 2808.6
1886.0 28113
1887.2 2814.1
1888.5 2816.8
1889.7 2819.6
1890.9 28223
i852.2 2825.1
18934 28278
1894.6  2830.6
1896.9 28334

T

6038.2
6041.7
60456.2
6048.7
6052.2
6065.8
6069.3
6062.8
6066.4
6069.9

6073.4
6077.0
6080.5
6084.1
6087.6
6091.2
6094.7
6098.3
6101.8
6105.4

6109.0
61125
6116.1
6119.7
6123.2
6128.7
6130.4
6133.9
6137.5
6141.%
6144.7

T
4

6253.2
6256.9
6260.5
6264.2
6267.8
6271.5
6275.2

anaaa
VL/0.0

6282.5
6286.2

6289.8
6293.5
6297.2
6300.9
6304.6
6308.2
6311.9

anec o
O9i19.9

6319.3
6323.0

6326.7
6330.4
6334.1
6337.8
63415
63456.2
6349.0

aaen 3
VaDL. /

6366.4
6360.1
6363.8

oo bdNO

10

14
16
18

20
22
24
26

30
32
34
36
38

40
42
a4
46
a8
50
52
54
56

.58

60

A



LC

8516.4
85618.7
8520.9
8523.1
8525.4
8527.6
8529.8
856320
8534.3
85636.5

85638.7
8540.5
8543.2
85454
8547.6

acan o

oI8I.0

8662.0

oEcA 2
oTTR.I

8556.5
8568.7

2877 2
QUi I

8679.6
8681.7
8683.9
8686.0
8688.2

asan A
CUoV.S

8692.6
8694.7
8696.9
8699.1
8701.2
87034
8705.6
8707.8
8709.9
87121
87143

Table A-5. Functions of 1° curves (continued)

96°
M E

18959 28334
1897.1 2836.1

18984 28389
1899.6 28417
1900.8 28445
1902.1 2847.2
1903.3 28500
1904.6 28528
1805.8 2855.6
1907.0 28584
1808.3 2861.2
15085 28640
1910.8  2866.7
1912.0 28695
19133 28723
18145 2875.1

1916.7 2877.9
18170  288C8
1918.2 2883.6
19196  2886.4
1920.7 2889.2
19220 2892.0
1923.2 28948
19245  2897.7
1925.7 2900.5
1927.0 2903.3
1928.2  2906.1

19294  2909.0
1930.7 29118
18319 29147
1933.2 29175

a8°
M E

19708 3004.0
1972.0 30069
1973.3 3009.8
1974.6 30128
1976.8  3015.7
1977.1 30186
19783 30216
1979.6  3024.5
1980.9 30275
1982.1 30304
19834 3033.3
18844 30363
1985.9  3039.3
1887.2 30422
1988.4 30452
1888.7 3048.1
1981.0 3051.1
1992.2  3054.1
19935 3057.0
19847 30600
1996.0 3063.0
19987.3 3066.0
19986 30689
1999.8  3071.9
2001 .1 30749
2002.3 30779
20036 30809
20049 3083.9
2006.1 3086.9
20074 3089.9
2008.7 3092.9

T

6363.8
6367.5
6371.3
6375.0
6378.7
6382.5
6386.2
6389.9
6393.7
6397.4

6401.2
6404.5
6408.7
64124
6416.2
64188
6423.7

fA27
UL 7.0

6431.2
6435.0

6438.8
64425
6446.3
6450.1
6453.9
6457.6
6461.4
6466.2
6469.0
6472.8
6476.6

LC

8583.0
8585.2
8687.5
8589.7
85919
8594.1
8596.3
8598.5
8600.7
8602.9

8605.1
8807.3
8609.5
8611.7
8613.9
8616.1
8618.3

anAn
VVLV.O

8622.7
8624.9

8627.1
8629.3
8631.5
8633.7
8636.8
8638.0
8640.2
8642.4
8644.6
8646.8
8649.0

LC

87143
87t6.4
8718.6
8720.7
8722.9
8725.1
87272
87294
87315
8733.7

87356.9

aTnan
oc/90V

8740.2

8249 2
oL

87445

azac o
o/%0.0

8748.8
8750.9
8753.1

oIEE 2
©799.9

97°
M E
19332 29175
19344 29203
1935.7 2923.2
1836.9 2926.0
1938.2 29289
1939.4 29317
1940.7 2934.6
19419 2937.5
1843.2  2940.3
19444 29432
18457  2946.7
i946.5 2948.9
1948.2 2951.8
19494  2954.7
1950.7 2957.6
i1562.0 28604
1953.2 29633
18645 2866.2
19556.7 2969.1
1957.0 29720
19582 29749
1959.5 29778
1960.7  2980.7
1962.0 2983.6
1963.2 2986.5
19645 2989.4
1965.8 29923
1967.0 2995.2
1968.3  2998.1
19685  3001.1
19708  3004.0
99°
M E
2008.7 30929
2009.9 30959
2011.2 30989
20125 31019
2013.7 31049
2015.0 31079
20163 31110
20175 31140
20188 3117.0
20201 31200
20214 31231
20226 3128.%
20239 31291
2025.2 31322
20264 31352
2027.7 31383
20290 31413
20303 31444
2031.5 31474
2032.8 31505
2034.1 3153.5
20354 3156.6
2036.6 31597
2037.8 31627
2039.2 3165.8
20405 3168.9
2041.7 31720
2043.0 31751
20443 '3178.1
2045.6 3181.2
2046.8 31843

6709.0
6712.9
6716.9
6720.8
67248
67288
6732.7
6736.7
6740.7
6744.6

6748.6
6752.6
6756.6

a1an o
QVIOoV.O

6764.6

a9ca o
0/V0.0

67726
6776.6
6780.6

F -V -
VI/Io%.U

6788.6
6792.6
6796.6
6800.6
6804.6
6808.6
6812.6
6816.7
6820.7
6824.7
6828.8

oM HENO

10

14
16
18

20
22
24
26
28

an
v

32

24
3%

36
38

42

46
48
50
52
54
656
58

oeaENO

10

14
16
18

20
22
24

an
L0

28
32
34
36

no
20

40

42
46

50
52
54
56
58
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Table A-5. Functions of 1° curves (continued)
100° 101°
LC M E T LC M E T

87789 20468 31843 68288 88428 20853 32783 6951.0
8781.0 2048.1 31874 68328 88449 20866 3281.5 6955.2
20494 31905 68368 88470 20878 3284.7 6959.3

8785.3 2050.7 3183.6 68499 8849.2 2089.1 32879 6963.4

8787.4 205619 3196.7 68449 8851.3 20904 3291.1 6967.6
10 87886 205632 31998 6849.0 88534 2091.7 32943 6971.7 10
12 B791.7 20645 32029 6853.0 88555 20930 32975 69758 12
14 87939 20558 32060 6857.1 8857.6 2094.3 3300.7 69800 14
16 8796.0 2057.1 3209.1 6861.1 88598 208566 3303.9 6984.1 16
18 87989 2958.3 32122 6865.2 88619 20969 3307.1 6988.2 18

20 8800.3 2059.6 32154 6869.2 8864.0 20982 3310.3 69924 20
22 88024 20609 32185 6873.3 8§66.1 2099.4 33135 6996.6 22
24 88045 2062.2 32216 68774 8868.2 21007 3316.7 7000.7 24
26 8806.7 2063.5 32247 66814 88703 21020 3319.9 60049 26
28 8808.8 2064.7 32279 68855 88724 21033 3323.1 7009.0 28
30 88109 20660 3231.0 6889.6 88745 21046 33264 7013.2 30
32 8813.1 2067.3 32341 6893.7 8876.7 21059 33296 70173 32
34 8816.2 2068.6 32373 68978 88788 2107.2 33328 70215 34
36 8817.3 2069.9 32404 69018 88809 21085 3336.0 7025.7 36
38 88195 20711 32435 69059 8883.0 21098 33393 72099 38

40 88216 20724 3246.7 69100 8885.1 2111 33425 70340 40
42 8823.7 2073.7 32498 69141 8887.2 21124 33468 7038.2 42
44 88258 2075.0 32530 6918.2 88893 21136 33490 70424 44
46 8828.0 2076.3 3266.2 6922.3 88914 21148 33523 7046.6 46
48 8830.1 2077.6 3269.3 69264 88935 2116.2 33565 70508 48
50 88322 20789 32625 69305 88956 21175 3358.8 7055.0 50
52 88343  2080.1 3265.7 69346 88977 21188 33620 7069.2 52
54 8836.4 20814 32688 69387 88998 212041 3365.56 7063.4 54
56 8838.6 20827 32720 69428 8901.9 21214 3368.7 7067.6 56
58 8840.7 2084.0 32752 69469 89040 21227 33720 7071.8 68
60 8842.8 2085.3 32783 6951.0 8906.1 21240 3375.1 7076.0 60

102° 103°

oL NO
@©
~
-3
w
-
oo bdhO

LC M 3 T LC M E T

0 8906.1 21240 337561 7076.0 8968.7 2163.0 34746 7203.6
2 8908.2 21253 33783 7080.2 8970.8 21643 34780 72079
4 89103 21266 3381.6 70844 89729 21656 34814 72122
6 89124 21279 33849 70886 89749 21669 34847 72165
8 89145 21202 3388.2 70928 89770 2168.2 3488.1 72208
i0 8916.6 21305 33915 7087.1 8979.1 2169.5 34915 72251 10
12 8918.7 21318 33947 71013 89811 2170.8 34949 72295 12
14 89208 2133.1 33980 71055 89832 2172.1 3498.3 7233.8 14
16 89229 21344 34013 71097 89853 21734 35016 7238.1 16
18 8925.0 21357 34046 71140 89873 21747 35053 72424 18

oMHENO

20 8927.0 21370 34079 71182 89834 21761 3508.4 7246.8 20
22 8929.1 21383 34112 71224 899156 21774 3511.8 7251.1 22
24 8931.2 21396 34145 71267 89935 21787 3515.2 72554 24
26 8933.3 21409 34179 71309 89956 2180.0 35187 7259.8 26
28 89354 21422 34212 71352 8997.7 21813 356221 7264.1 28
30 8937.5 21435 34245 71394 8999.7 21826 35265 7268.5 30
32 8939.6 21448 34278 71437 9001.8 21839 35289 72728 32
34 89416 2146.1 34311 71480 90039 21852 35323 7277.2 34
36 8943.7 21474 34345 71522 90059 2186.56 35356.7 72815 36
38 89458 2148.7 34378 71565 9008.0 2187.8 3539.2 72859 38

40 89479 21500 34411 7160.7 9010.0 21891 35426 7290.3 40
42 8950.0 2151.3 34444 71650 80121 219056 3546.0 7294.6 42
a4 8952.1 21526 34478 71693 90142 21918 35495 7299.0 44
46 8954.1 21539 3451.1 71736 9016.2 2193.1 36529 7303.4 46
48 8956.2 21562 34545 71779 90183 21944 35563 7307.7 48
50 8958.3 21565 3457.8 7182.1 90203 21957 35598 73121 50
52 8960.4 21578 3461.2 71864 90224 21970 3563.2 73165 52
54 89625 2159.1 34645 7190.7 90245 21983 3566.7 73209 54
56 89645 21604 34679 71950 90265 2199.6 3570.2 7325.3 56
58 8966.6 2161.7 34712 71993 90286 22009 35736 7329.7 58

60 8968.7 2163.0 34746 72036 90306 22023 36771 7334.1 60
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Table A-5. Functions of 1° curves (continued)
104° 105°

LC M E T LC M E T

0 9030.6 22023 35771 73341 9091.8 22418 36826 74675
2 9032.7 22036 35805 73385 90939 22431 3686.1 7472.0
4 9034.7 22049 35840 73429 90959 22444 3689.7 74765
6 9036.8 22062 35875 73473 90979 22458 36933 74810
8 9038.8 22075 3591.0 7351.7 9099.9 22471 3696.9 74855
10 90409 22088 35944  7366.1 91020 22484 37004  7490.0 10
12
14
16
18

[+ 0 N e

90428 22702 35979 73605 9104.0 22497 37040 74945 12
9045.0 22115 36014 73649 91060 22511 3707.6 7499.1 14
9047.0 22128 36049 73684 9108.0 22524 3711.2 75036 16
9049.1 22141 36084 73738 91101 2253.7 37148 7508.1 18

20 9051.1 22154 36119 73782 91121 2255.0 37184 75126 20
22 9053.1 2276.7 36154 73826 91141 2256.4 37220 7517.2 22
24 9055.2 22180 36189 7387.1 9116.1 2257.7 37256 75217 24
26 9057.2 22194 36224 73915 91181 2259.0 37293 75263 26
28 9059.3 2220.7 36259 73960 91202 22603 373289 75308 28
30 9061.3 22220 36294 74004 91222 22617 37365 753563 30
32 9063.3 2223.3 36330 74048 91242 2263.0 3740.1 7539.9 32
34 9065.4 22246 3636.5 74093 91262 2264.3 3743.7 75444 34
36 9067.4 22260 36400 74138 91282 22657 37474 75490 36
38 90695 22273 36435 74182 91302 2267.0 37510 7553.6 38

40 50715 222886 36471 74227 $1323 22683 37546 75581 40
42 90735 22299 3650.6 7427.1 91343 22696 37583 75627 42
44 80756 22312 36541 74316 91363 22710 37612 78673 44

46 9077.6 22326 3657.7 7436.1 9138.3 22723 37656 75718 46
48 9079.6 22339 3661.2 74406 91403 22736 37692 75764 48
50 9081.7 22352 3664.8 74450 91423 22750 37728 7581.0 50

52 9083.7 22365 36683 74485 91443 22763 37765 75856 62
54 9085.7 22378 36719 74540 91463 22776 3780.2 75802 54
56 30878 2239.2 36754 74585 81483 22789 37839 75848 56

68 9089.8 22405 3679.0 7463.0 91504 22803 37875 753994 58
60 9091.8 22418 36826 74675 91524 22816 3791.2 7604.0 60

Table A-6. Corrections for tangent and external distances

(This table is to convert tabular values in table A-5 to the chord definition.)

Example
R ad that t i
Required are the tangent, external distance, and length of curve for a curve

Tangent: T =

+ (correction to be added from table A-6 for 18° 20’ and 9° 46’) 0.12' = 26.82'

ixternal Distance = LabluarEntry_  20.88 _; 49
Degree of Curve  18.333

FM 5-233
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Table A-6. Corrections for tangent and external distance (continued)

Curve
5° 10° 15° 20° 25° 30° 35° 40° 45° 50° 55° 60° 65°
5° .02 .03 .05 .06 .08 .10 11 13 15 .16 .18 .20 .21

s PP an ane nn na aa an A2

10° .03 .06 09 a3 i8 19 22 .28 .28 .31 34 38 42
15° .04 10 14 19 .24 .29 .34 .39 45 .51 53 .58 .63

20° .06 13 19 26 32 39 45 .51 68 65 72 79 .B4
280 08 18 24 a3 40 49 BB .67 .75 .83 90 .89 1.06

30° .10 19 .29 .39 .49 .59 .69 .79 .89 99 109 120 1.28

356° 1 22 34 47 .58 69 .80 .93 1.05 117 129 142 154
40° 13 .26 40 53 .67 80 93 106 120 134 148 164 179
. 1

45° .15 .30 44 .60 .76 91 106 121 137 52 170 187 204
go° .47 .34 51 88 .85 102 118 138 154 172 1gt 210 229
556° .19 .38 57 .76 95 114 132 152 172 192 214 235 256
§0° 21 42 63 .84 105 127 149 171 182 217 238 260 283
65° .23 .46 69 93 116 140 164 188 213 238 263 288 313
70° .25 .51 76 102 128 154 180 206 233 260 288 3.16 344
75° .27 .56 83 112 140 169 198 227 257 287 316 347 378
80° .30 61 91 122 153 184 215 246 278 310 344 378 4.12

85° .33 66 100 133 168 202 236 270 3.05 340 377 4.14 455
145 1.83 220 257 294 332 370 410 450 49N

95° .39 79 119 155 200 240 280 320 3.61 402 449 498 538
10Q° .43 86 130 174 218 262 306 350 395 440 488 537 585
105° .46 94 142 190 238 287 334 384 435 484 535 587 640

©
(=]

[}
W
[+
N
N
-
[o]
©

110° 50 103 155 208 260 3.14 366 421 476 531 586 643 7.01
116° 54 113 170 229 286 345 403 463 523 583 644 707 7.70
120° 61 125 189 252 316 381 444 511 578 644 7.11 780 85

Curve
5° 10° 15° 20° 25° 30° 35° 40° 45° 50° 55° 60° 65°

5° 000 000 .001 .001 .002 .002 .002 .003 .003 .004 .004 .004 .005
10° 001 .003 .004 .006 .007 .008 .009 .011 012 .014 0156 .017 .018

15° 003 007 .010 .014 .018 023 027 .029 .032 .03 .03%5 043 .047

20° 006 011 017 .022 .028 .034 .038 .045 061 .057 .063 .070 .076

25° 009 .018 .027 .036 .046 .056 .065 .074 .083 .093 .106 .120 .127
anc n1a na e nao nE1 N/RK n78 nan 103 118 129 149 170 179

oV AMEI e NI NI B At A W BN cr e DL < L=

35° 018 035 .054 .072 .086 .109 .131 .163 .175 .197 .213 .230 .247
40° 023 .046 070 .093 .117 141 172 203 .234 .266 .277 .290 .315
45° 030 .060 .093 .119 .153 .184 .216 .254 289 .326 .351 .378 .41

50° 037 075 .116 .151 .189 .227 .266 .305 .345 .384 425 .467 .508
PR -~ Y1) T ~na nan nAna A~ ATID [ e8] o9 - V.81

55¢° 046 093 .142 .i88 .236 .283 .332 381 420 .4/3 .530 .502 .O&i
60° 056 .112 .168 .225 .283 .340 .398 .457 516 576 .636 .697 .774

65° 067 .135 204 .273 .343 .412 483 .554 625 697 .711 845 .922
7Q° 080 159 240 321 .403 486 568 .652
75° 085 .182 .286 .383 .480 578 .678 .777

@~
~N W
S o
[+
=
©
S
(2]
@0
5
-
[=]
[

go°  .110 220 332 445 558 .671 .787 .903 1.02 113 1256 138 150
g5° 128 259 .391 524 .657 .790 926 106 120 134 147 162 176
90° 149 299 450 603 .756 .910 1.07 122 138 154 170 187 203
95° 174 350 522 .706 .985 1.06 125 143 162 180 189 218 238
100° .200 401 .604 .809 1.01 122 143 164 185 206 228 250 273
10s° 230 470 .700 .938 1.17 142 165 1.80 214 239 264 290 3.16

110° .260 535 .808 1.08 1.3
t156° 307 624 939 126 15
120° 339 720 108 145 18

189 221 254 287 320 353 388 423

1
7
.36 1.63 191 219 249 261 305 335 365
7
2 220 256 295 333 372 410 450 491
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Radius

150
200

228

££0

250
275

300
325
350
375
400

450
500
550
600
650

700
750
800

850

950

1060
1100
1160

1200

1300

1400
1500
1600

1700
1800
1800
2000
2100

2200
2300
2400
2500
3000

3500
4000
4500
5000
6000

7000
7500
8000
9000
10000

Table A-7. Deflections and chords for 26-, 50-, and 100-foot arcs

Deflection =

1718.873

R

arc length

Deflection for arc length

25°

4° 46 48’
3° 34.86°
3° 1099’
2°51.89’
2° 36.36°

2° 23.24'
2°12.22
2°02.78
1° 54,59’
1°47.43%

1° 3549’
1°25.94'
1°18.13
1°11.62
1°06.11’

1°01.39
0°57.30

noea 21
T 33.71

0° 50.56"
0°47.75

0°45.23'
0° 4297
0° 40.93’
0° 39.07"
0°37.37

0° 35.81'
0° 33.06’
0° 30.69’
0° 28.65’
0° 26.86"

0° 25.28'
0°23.87
002262
0°21.49
0°20.46'

0°19.53
0° 18.68"
0°17.91"
0°17.19'
0° 14.32°

0° 1228
0°10.74'
0° 09.55°
0° 08.59°
0°07.16°

0°06.14
0°05.73"
0°06.37
0°04.77
0°04.30"

50°

9° 32.96'
7°09.72'
6°2197
5°43.78'
5°12.62’

4° 46 .48’
4° 24 44’
4° 05.55
3°49.18'
3° 34.86'

3°10.99
2°51.89
2° 36.26'
2°23.24'
2°12.22'

2°02.78'
1° 54.59’

10 A7 A’
1~ 4749

1°41.1v
1° 36.49°

1° 3047
1° 25.94'
1°21.85°
1°18.13'
1°14.73'

1°11.62°
1°06.11°
1°01.39%
0°57.30
0°53.72

0° 50.56'
0°47.75'
0°45.23'
0°42.97"
0°40.93'

0° 39.07
0° 37.37
0° 35.81"
0° 34.38’
0° 28.65’

0° 2456’
0° 21.49
0°19.10
0°17.19
0°14.32

0°12.28’
0°11.46’
0°10.74
0°09.55
0°08.59'

100’

19°05.92'
14°19.44°
12°43.94'
11° 27.55°
10° 25.04'

9° 32.96'
8° 48.88'
8°11.11’
7° 38.37°
7°09.72*

6°21.97°
5°43.77"
5°12.52’
4°46.48"
4° 24 44

4° 05.65
3°49.18'
3° 34.86'

3°22.22
3°10.99'

3°00.93'
2°51.89'
2°43.70°
2° 36.26"
2° 2947

2°23.24'
2°12.22'
2°02.78'
1° 54,69
1°47.43'

1°41.11
1° 35.49°
1°30.47
1° 2595’
1°21.85'

1°18.13'
1°14.73
1°11.62
1° 08.75°
0°57.30

0°49.11’
0°42.97
0° 38.20'
0° 34.38'
0° 28.65’

0° 24.56'
0°22.92'
0° 21.49
0°19.10
0°17.19

Chord = 2R sin definition

25’

24.97'
24.98'
24.99'
24.99°
24.99'

24.99'
24.99°
25.00
25.00
25.00

25.00
25.00°
25.00°
25.00"
25.00"

25.00"
25.00"
25.00"

25.00°
25.00°

25.00°
25.00
25.00'
25.00
25.00°

25.00°
25.00°
25.00°
25.00
25.00

25.00"
25.00"
25.00'
25.00"
25.00°

25.00°
25.00"
25.00"
25.00'
25.00'

25.00°
25.00
25.00"
25.00
25.00

25.00°
25.00
25.00
25.00°
25.00

Chord for arc length
50

49.77°
49.87'
48.50"
49.92'
49.93’

49.94°
49.95°
48.96’
49.96"
49.97°

49.97"
49.98"
49.98°
49.99
49.99

49.99'
50.00
50.00°
50.00

50.00'

50.00"
50.00’
50.00°
50.00’
50.00'

650.00
50.00
50.00
50.00'
50.00"

50.00'
60.00'
50.00
50.00°
50.00

60.00
50.00
50.00
50.00
50.00

50.00
50.00'
50.00
50.00"
50.00

60.00°
50.00°
50.00°
50.00’
50.00

Degree of curve.
Arc definition

38°12'
28° 39’
25° 28’
22° 55’
20° 50°

19° 06’
17° 38’
16° 22’
1517’
14°19’

12° 44’
11°28°
10° 25’
9° 33’
8° 49’

8ot
7°38'
7°10°
6° 44’
6°22'

6° 02’
5° 44’
5° 27"
5°13
4°59’

4°46°
4°24°
4°06°
3049
3035°

3022
3°11
3°01"
2052
2° 44’

2° 36"
2° 29’
2023
2°18’
1°565

1° 38
1°26'
1°16'
1° 09’
0° 57

0° 49’
0°46’
0°43
0° 38°
0° 34
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Table A-8. Squares, cubes, square roots, and cube roots

Example: The square of 26 =676; the cube 0f 26 = 17,576, the square root of 26
=5.0990; the cube root of 26 = 2.9625.

To find the square root of a decimal or mixed number, first multiply the
number by either 100 or 10,000 to eliminate as many of the decimals as
possible. Round the result off to the nearest whole number. Locate this
number in the square column. Determine the desired square root by taking
the corresponding number from the number column and moving the
decimal point. If the original number was multiplied by 100, move the
decimal one place to theleft; if it was multiplied by 10,000, move the decimal
two places to the left.

Example:

Find the square root of 5.246 to the first decimal place. Multiply by 100. The
result is 524. The nearest number in the column of squares is 529, which is
opposite 23 in the column of numbers. Move the decimal point one place to
the left. This gives 2.3 as the desired root to the first place of decimals.

Find the square root 0f5.246 to the second decimal place. Multiply by 10,000.
The result is 52,460. The nearest number in the column of squares is 52,441,
which is opposite 229 in the column of numbers.

Move the decimal point two places to the left. The result is 2.29

To find the cube root of a similar number, multiply by 1,000 or by 1,000,000,
and find the nearest number in the column of cubes. The corresponding
number in the column of numbers with a decimal point one or two places to
the left is the required root. Perform similarly to preceding example.
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Table A-8. Squares, cubes, square roots, and cube roots (continued)

To find the square root or cube root of number greater than 1,000, find the
nearest number in the column of squares or cubes and take the corres-
ponding number in the first column. The number thus found is correct for
the number of figures it contains.

To find various roots:

For the fourth root, take the square root of the square root.

For the sixth root, take the square root of the cube root or vice versa.

Higher roots, whose indices can be factored into 2s and 3s, maybe obtained
inasimilar manner.

Square Cube Square Cube
No. Square Cube Root Root No. Square Cube Root Root
1 1 1 1.0000 1. 21 441 9261 4.5826 2.7589
2 4 8 1.4142 1.2599 22 484 10648 4.6904 2.8020
3 9 27 t.7321 1.4422 23 529 12167 4.7958 2.8439
4 16 64 2.0000 1.6874 24 576 13824 4.8990 2.8845
5 25 i25 2.2361 1.7160 25 625 15625 5.0000 2.9240
] 36 216 2.4495 1.8171 26 676 17576 5.0990 2.9625
7 49 343 2.6458 19129 27 729 19683 5.1962 3.0000
8 64 512 2.8284 2.0000 28 784 21952 5.2915 3.0366
9 81 728 3.0000 2.0801 29 841 24389 5.3852 3.0723
10 100 1000 3.1623 2.1544 30 900 27000 5.4772 3.1072
11 121 1331 3.3166 2.2240 31 961 29791 5.6678 3.1414
12 144 1728 3.4641 2.2894 32 1024 32768 5.6569 3.1748
13 169 2197 3.6056 23513 33 1089 35937 5.7446 3.2075
14 196 2744 3.74i7 24101 34 1166 39304 5.8310 3.2396
15 225 3375 3.8730 2.4662 35 12256 42875 5.9161 3.271
16 256 4096 4.0000 25198 36 1296 46656 6.0000 3.3019
17 289 4913 4.1231 26713 37 1369 50653 6.0828 3.3322
18 324 5832 42428 26207 38 1444 54872 6.1644 3.3620
19 361 6859 4.3589 2.6684 39 1521 59315 6.2450 3.3912
20 400 8000 4.4721 27144 40 1600 64000 6.3246 3.4200
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Table A-8. Squares, cubes, square roots, and cube roots

Square Cube Square Cube

No. Square Cube Root Root No. Square Cube Root Root

41 1681 68921 6.4031 3.4482 91 8281 7563571 9.6394 4.4979
42 1764 74088 6.4807 3.4760 92 8464 778688 9.56917 45144
43 1849 79507 6.5574 3.5034 93 8649 804357 9.6437 4.5307
44 1936 85184 6.6332 3.6303 94 8836 830584 9.6954 4.5468
45 2025 91125 6.7082 3.5569 95 9025 857375 9.7468 4.5629
46 2116 97336 6.7823 3.5830 96 9216 884736 9.7980 4.5789
47 2209 103823 6.8557 3.6088 97 9409 912673 9.8489 4.5947
48 2304 110592 6.9282 3.6342 98 9604 941192 9.8995 4.6104
49 2401 117649 7.0000 3.6593 99 9801 970299 9.9499 4.6261
50 2500 125000 7.0711 3.6840 100 10000 1000000 10.0000 4.6416
51 2601 132651 7.1414 3.7084 101 10201 1030301 10.0499 4.6570
52 2704 140608 7.2111 3.7325 102 10404 1061208 10.0995 46723
63 2809 148877 7.2801 3.7563 103 10609 1092727 10.1489 4.6875
54 2916 157464 7.3485 3.7798 104 10816 1124864 10.1980 4.7027
55 3025 166375 7.4162 3.8030 1056 11025 1157625 10.2470 47177
56 3136 175616 7.4833 3.8259 106 11236 1191016 10.2956 4.7326
67 3249 185193 7.5498 3.8485 107 11449 1225043 10.3441 4.7475
58 3364 195112 7.6158 3.8709 108 11664 1259712 10.3923 4.7622
59 3481 205379 7.6811 3.8930 109 11881 1295029 10.4403 47769
60 3600 216000 7.7460 3.9149 110 12100 1331000 10.4881 4.7914
61 3721 226981 7.8102 3.9365 111 12321 1367631 10.6357 4.8059
62 3844 238328 7.8740 3.9579 112 12544 1404928 10.5830 4.8203
63 3969 250047 7.9373 3.9791 113 12769 1442896 10.6301 4.8346
64 4096 262144 8.0000 4.0000 114 12996 1481544 10.6771 4.8488
65 4225 274625 8.0623 4.0207 115 13225 1520875 10.7238 4.8629
66 4356 287496 8.1240 4.0412 116 13456 1560896 10.7703 4.8770
67 4489 300763 8.1854 4.0615 117 13689 1601613 10.8167 4.8910
68 4624 314432 8.2462 40817 118 13924 1643032 10.8628 4.9049
69 4761 328509 8.3066 41016 119 14161 1685159 10.9087 49187
70 4900 343000 8.3666 4.1213 120 14400 1728000 10.9545 49324
71 5041 357911 8.4261 4.1408 121 14641 1771561 11.0000 4.9461
72 5184 373248 8.4853 4.1602 122 14884 1815848 11.0454 4.9597
73 5329 389017 8.5440 4.1793 123 15129 1860867 11.0905 4.9732
74 5476 405224 8.6023 4.1983 124 15376 1906624 11.1355 4.9866
756 5625 421875 8.6603 4.2172 125 15625 1953125 11.1803 5.0000
76 5776 438976 8.7178 42358 126 15876 2000376 11.2250 5.0133
77 5929 456533 8.7750 4.2543 127 16129 2048383 11.2694 5.0265
78 6084 474552 8.8318 4.2727 128 16384 2097152 11.3137 5.0397
79 6241 493039 8.8882 4.2808 128 16641 2146689 11.3578 5.0528
80 6400 512000 8.9443 4.3089 130 16900 2197000 11.4018 5.0658
81 6561 531441 9.0000 4.3267 131 17161 2248091 11.4455 5.0788
82 6724 551368 9.0554 4.3445 132 17424 2299968 11.4891 5.0916
83 6889 571787 9.1104 4.3621 133 17689 2352637 11.5326 5.1045
84 7056 592704 9.16562 4.3795 134 17956 2406104 11.5758 5.1172
85 7225 614125 9.2195 4.3968 135 18225 2460375 11.6190 5.1299
86 7396 636056 9.2736 4.4140 136 18496 2515456 11.6619 5.1426
87 7569 658503 9.3274 44310 137 18769 2571353 11.7047 5.1551
88 7744 681472 9.3808 44480 138 19044 2628072 11.7473 5.1676
89 7921 704969 9.4340 4.4647 139 19321 2685619 11.7898 5.1801
90 8100 729000 9.4868 4.4814 140 19600 2744000 11.8322 5.1925
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Table A-8. Squares, cubes, square roots, and cube roots (continued)

No.

141
142
143
144
145

146
147
148
149
150

151
152
153
154
155
156
157
158
159
160

161
162
163
164
165

166
167
168
169
170

171
172
173
174
175

176
177
178
179
180

181
182
183
184
185

186
187
188
189
190

Square

19881
20164
20449
20736
21025

21316
21609
21904
22201
22500

22801
23104
23409
23716
24025
24336
24649
24964
25281
25600

25921
26244
26569
26896
27225

27556
27889
28224
28561
28900

29241
29584
29929
30276
30625

30876
31329
31684
32041
32400

32761
33124
33489
33856
34225

34596
34969
35344
35721
36100

Cube

2803221
2863288
2924207
2985984
3048625

3112136
3176523
3241792
3307949
3375000

3442951
3511808
3581577
3652264
3723875
3796416
3869893
3944312
4019679
4096000

4173281
4251528
4330747
4410944
4492125

4574296
4657463
4741631
4826809
4913000

6000211
5088448
5177717
5268024
5359375

5451776
65545233
5639752
5735339
5832000

5929741
6028568
6128487
6229504
6331625

6434856
6539203
6644672
6751269
6859000

Square
Root

11.8743
11.9164
11.9583
12.0000
12.0416

12.0830
12.1244
12.1655
12.2066
12.2474

12.2882
12.3288
12.3693
12.4087
12.4499

12.4900
12.5300
12.5698
12.6095
12.6491

12.6886
12.7279
12.7671
12.8062
12.84562

12.8841
12.9228
12.9615
13.0000
13.0384

13.0767
13.1149
13.15629
13.1909
13.2288

13.2665
13.3041
13.3417
13.3791
13.4164

13.4536
13.4907
13.6277
13.5647
13.6015

13.6382
13.6748
13.7113
13.7477
13.7840

Cube
Root

5.2048
5.217
6.2293
5.2415
5.2536

5.2656
5.2776
5.2896
5.3015
5.3133

5.3251
5.3368
5.3485
5.3601
5.3717

5.3832
6.3947
5.4061
5.4175
5.4288

5.4401
54514
5.4626
5.4737
5.4848

5.4959
5.6069
56178
6.56288
5.5397

5.5505
55613
6.5721
6.5828
5.5934

5.6041
5.6147
5.6252
5.6357
5.6462

5.6567
5.6671
6.6774
4.6877
5.6980

5.7083
5.71856
5.7287
5.7388
5.7489

No.

191
192
193
194
195

196
197
198
199
200

201
202
203
204
205

206
207
208
209
210

21
212
213
214
215

216
217
218
219
220

221
222
223
224
225

226
227
228
229
230

231
232
233
234
235

236
237
238
239
240

Cube

6967871
7077888
7189057
7301384
7414875

7529536
76456373
7762392
7880599
8000000

8120601
8242408
8365427
8489664
8615125

8741816
8869743
8998912
9129329
9261000

9393931
9528128
9663597
9800344
9938375

46656 10077696
47089 10218313
47524 10360232
47961 10503459
48400 10648000

48841 10793861
49284 10941048
49729 11089567
50176 11239424
50625 11390625

51076 11543176
51529 11697083
51984 11852352
52441 12008989
52900 12167000

53361 12326391
53824 12487168
54289 12649337
54756 12812904
556225 12977875

55696 13144256
56169 133120563
56644 13481272
57121 13651919
57600 13824000

Square

36481
36864
37249
37636
38025

38416
38809
39204
39601
40000

40401
40804
41209
41616
42025

42436
42849
43264
43681
44100

44521
44944
45369
45796
46225

Square
Root

13.8203
13.8564
13.8924
13.9284
13.9642

14.0000
14.0357
14.0712
14.1067
14.1421

14.1774
14.2127
14.2478
14.2829
143178

14.3527
14.3875
14.4222
14.4568
14.4914

14.5258
14.5602
14.5945
14.6287
14.6629

14.6969
14.7309
14.7648
14.7986
14.8324

14.8661
14.8997
14,9332
14.9666
15.0000

15.0333
15.0665
15.0997
15.1327
15.1658

15.1987
14.2315
15.2643
15.2971
15.3297

15.3623
15.3948
15.4272
15.4596
1656.4919

Cube
Root

5.7690
5.7690
5.7790
5.7890
5.7989

5.8088
65.8186
5.8285
5.8383
5.8480

5.8578
5.8675
5.8771
5.8868
5.8964

5.9059
5.91565
5.9250
5.9345
5.8439

5.9533
5.9627
59721
5.9814
5.9907

6.0000
6.0092
6.0185
6.0277
6.0368

6.0459
6.0550
6.0641
6.0732
6.0822

6.0812
6.1002
6.1091
6.1180
6.1269

6.1358
6.1446
6.1534
6.1622
6.1710

6.1797
6.1885
6.1972
6.2058
6.2145

FM 5-233
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No.

241
242
243
244
245

246
247
248
249
250

251
252
253
254
255

256
257
258
259
260

261
262
263
264
265

266
267
268
269
270

271
272
273
274
275

276
277
278
279
280

281
282
283
284
285

286
287
288
289
290

Table A-8. Squares, cubes, square roots, and cube roots (continued)

Square

58081
58564
59049
59536
60025

60516
61099
61504
62001
62500

63001
63504
64009
64516
65025

65636
66049
66564
67081
67600

68121
68644
69169
69696
70225

70756
71289
71824
72361
72900

73441
73984
74529
75076
75625

76176
76729
77284
77841
78400

78961
79524
80089
80656
81225

81796
82369
82944
83621
84100

Cube

13997521
14172488
14348907
14526784
14706125

14886936
15069223
15252992
15438249
15625000

15813251
16003008
16194277
16387064
16581375

16777216
16974593
17173512
17373979
17576000

17779581
17984728
18191447
18399744
18609625

18821096
19034163
19248832
19465109
19683000

19902511
20123648
20346417
20570824
20796875

21024576
21253933
21484952
21717639
21952000

22188041
22425768
22665187
22906304
23149125

23393656
23639903
23887872
24137569
24389000

Square
Root

15.6242
15.56563
15.56885
15.6206
165.6525

15.6844
15.7162
15.7480
15.7797
15.8114

15.8430
15.8745
15.9060
15.9374
15.9687

16.0000
16.0312
16.0624
16.0935
16.1245

16.1555
16.1864
16.2173
16.2481
16.2788

16.3095
16.3401
16.3707
16.4012
16.4317

16.4621
16.4924
16.5227
16.56528
16.5831

16.6132
16.6433
16.6733
16.7033
16.7332

16.7631
16.7929
16.8226
16.8623
16.8819

16.9115
16.9411
16.9706
17.0000
17.0294

Cube
Root

6.2231
6.2317
6.2403
6.2488
6.2573

6.2658
6.2743
6.2828
6.2912
6.2996

6.3080
6.3164
6.3247
6.3330
6.3413

6.3496
6.3579
6.3661
6.3743
6.3825

6.3907
6.3988
6.4070
6.4151
6.4232

6.4312
6.4393
6.4473
6.4553
6.4633

6.4713
6.4792
6.4872
6.4951
6.5030

6.5108
6.5187
6.5265
6.56343
6.5421

6.5499
6.5577
6.56654
6.6731
6.5808

6.5885
6.5962
6.6039
6.6115
6.6191

No.

291
292
293
294
295

296
297
298
299
300

301
302
303
304
305

306
307
308
309
310

311
312
313
314
315

316
317
318
319
320

321
322
323
324
326

326
327
328
329
330

331
332
333
334
335

336
337
338
338
340

Square

84681
85264
85849
86436
87025

87616
88209
88804
89401
90000

90601
91204
91809
92416
93025

93636
94249
94864
95481
96100

96721
97344
97969
98596
99225

99856
100489
101124
101761
102400

103041
103684
104329
104976
105625

106276
106929
107584
108241
108900

109561
110224
110889
111556
112225

112896
113569
114244
114921
115600

Cube

24642171
24897088
25153757
25412184
25672375

25334336
26198073
26463592
26730899
27000000

27270901
275643608
27818127
28094464
28372625

28652616
28934443
29218112
29503629
29791000

30080231
30371328
30664297
30959144
31255875

315564496
31855013
32157432
32461759
32768000

33076161
33386248
33698267
34012224
34328125

34645976
34965783
35287552
35611289
35937000

36264691
36594368
36926037
37259704
37595375

379383056
38272753
38614472
38958219
39304000

Square
Root

17.0587
17.0880
17.1172
17.1464
17.1756

17.2047
17.2337
17.2627
17.2916
17.3205

17.3494
17.3781
17.4069
17.4356
17.4642

17.4929
17.6214
17.5499
17.5784
17.6068

17.6352
17.6635
17.6918
17.7200
17.7482

17.7764
17.8045
17.8326
17.8606
17.8885

17.9165
17.9444
17.9722
18.0000
18.0278

18.0655
18.0831
18.1108
18.1384
18.1659

18.1934
18.2209
18.2483
18.2757
18.3030

18.3303
18.3576
18.3848
18.4120
18.4391

Cube
Root

6.6267
6.6343
6.6419
6.6494
6.6569

6.6644
6.6719
6.6794
6.6869
6.6943

6.7018
6.7092
6.7166
6.7240
6.7313

6.7387
6.7460
6.75633
6.7606
6.7679

6.7752
6.7824
6.7897
6.7969
6.8041

6.8113
6.8185
6.8256
6.8328
6.8399

6.8470
6.8541
6.8612
6.8683
6.8753

6.8824
6.8894
6.8964
6.9034
6.9104

6.9174
6.9244
6.9313
6.9382
6.9451

6.9521
6.9589
6.9658
6.9727
6.9795



No.

341
342
343
344
345

346
347
348
349
350

351
352
363
354
355

356
357
358
359
360

361
362
363
364
365

366
367
368
369
370

37
372
373
374
375

376
377
378
379
380

381
382
383
384
385

386
387
388
389
390

Table A-8. Squares, cubes, square roots, and cube roots (continued)

Square

116281
116964
117649
118336
113025

119716
120409
121104
121801
122500

123201
123904
124609
1256316
126025

126736
127449
128164
128881
129600

130321
131044
131769
132496
133225

133966
134689
135424
136161
136900

137641
138384
139128
139786
140625

141376
142129
142884
143641
144400

145161
145924
146689
147456
148225

148996
149769
1560644
151321
1562100

Cube

39651821
40001688
40353607
40707584
410636725

41421736
41781923
42144192
42508549
42875000

43243551
43614208
43986977
44361864
44738875

45118016
45499293
45882712
46268279
46656000

47045881
47437928
47832147
48228544
48627125

49027896
49430863
49836032
50243409
50653000

51064811
51478848
51895117
52313624
52734375

53157376
53682633
54010152
54439939
54872000

55306341
556742968
56181887
56623104
57066625

57512456
57960603
58411072
58863869
59319000

Square
Root

18.4662
18.4932
18.6203
18.5472
18.5742

18.6011
18.6279
18.6548
18.6815
18.7083

18.7350
18.7617
18.7883
18.8149
18.8414

18.8680
18.8944
18.9209
18.9473
18.9737

19.0000
19.0263
19.0526
19.0788
19.1050

19.1311
19.1572
19.1833
19.2094
19.2354

19.2614
19.2873
19.3132
19.3391
19.3649

19.3907
19.4165
19.4422
19.4679
19.4936

19.56192
19.5448
19.5704
19.5959
19.6214

19.6469
19.6723
19.6977
19.7231
19.7484

Cube
Root

6.9864
6.9932
7.0000
7.0068
7.0136

7.0203
7.0271
7.0338
7.0406
7.0473

7.0540
7.0607
7.0674
7.0740
7.0807

7.0873
7.0940
7.1006
7.1072
7.1138

7.1204
7.1269
7.1335
7.1400
7.14686

7.1631
7.1596
7.1661
71726
71791

7.1855
7.1920
7.1984
7.2048
7.2112

7.2177
7.2240
7.2304
7.2368
7.2432

7.2495
7.25568
7.2622
7.2685
7.2748

7.2811
7.2874
7.2936
7.2999
7.3061

No.

391
392
393
394
395

396
397
398
399
400

401
402
403
404
405

406
407
408
409
410

411
412
413
414
415

416
417
418
419
420

421
422
423
424
425

426
427
428
429
430

431
432
433
434
435

436
437
438
439
440

Square

152881
153664
154449
165236
1566025

156816
157609
158404
1568201
160000

160801
161604
162409
163216
164025

164836
165649
166464
167281
168100

168921
169744
170569
171396
172225

173056
173889
174724
175561
176400

177241
178084
178929
179776
180625

181476
182329
183184
184041
184900

185761
186624
187489
188356
189225

190096
190969
191844
192721
193600

Cube

59776471
60236288
60698457
61162984
61629875

62099136
62570773
63044792
63521199
64000000

64481201
64964808
65450827
65939264
66430125

66923416
67410143
67917312
68417929
68921000

69426531
69934528
70444997
70957944
71473375

71991296
72511713
73034632
73560059
74088000

74618461
75151448
75686967
76225024
76765625

77308776
77854483
78402752
78953589
79507000

80062991
80621568
81182737
81746504
82312875

82881856
83453453
84027672
84604519
85184000

Square
Root

18.7737
19.7990
19.8242
19.8494
19.8746

19.8997
19.9249
19.9499
19.9750
20.0000

20.0250
20.0499
20.0749
20.0998
20.1246

20.1494
20.1742
20.1990
20.2237
20.2485

20.2731
20.2978
20.3224
20.3470
20.37156

20.3961
20.4206
20.4450
20.4695
20.4939

20.5183
20.56426
20.5670
20.5913
20.6155

20.6398
20.6640
20.6882
20.7123
20.7364

20.7605
20.7846
20.8087
20.8327
20.8567

20.8806
20.9045
20.9284
20.9523
20.9762

FM 5-233

Cube
Root

7.3124
7.3186
7.3248
7.3310
7.3372

7.3434
7.3496
7.3558
7.3619
7.3681

7.3742
7.3803
7.3864
7.3925
7.3986

7.4047
7.4108
74169
7.4229
7.4290

7.4350
7.4410
7.4470
7.4530
7.4590

7.4650
74710
74770
7.4829
7.4889

7.4948
7.5007
7.5067
756126
7.56185

7.6244
7.6302
7.56361
7.56420
7.6478

7.5537
7.65695
7.6654
7.6712
7.5770

7.56828
7.5886
7.5944
7.6001
7.6059
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Table A-8. Squares, cubes, square roots, and cube roots (continued)

Square Cube Square Cube

No. Square Cube Root Root No. Square Cube Root Root

449 194481 85766121 21.0000 7.6117 491 241081 118370771 22.1585 7.8891
442 195364 86350888 21.0238 7.6174 492 242064 119895488 22.1811 7.8944
443 196249 86938307 21.0476 7.6232 493 243049 119823157 22.2036 7.8998
444 197136 87528384 21.0713 7.6289 494 244036 120553784 22.2261 7.9051
445 198025 88121125 21.0950 7.6346 495 245025 121287375 22.2486 7.9105
446 198916 88716536 21.1187 7.6403 496 246016 122023936 22.2711 7.9158
447 198809 89314623 21.1424 7.6460 497 247009 122763473 22.2935 7.921
448 200704 89915392 21.1660 7.6517 498 248004 123505992 22.3159 7.9264
449 201601 90518849 21.1896 7.6574 499 2439001 124251499 22.3383 7.9317
450 202500 91125000 21.2132 7.6631 500 250000 125000000 22.3607 7.9370
451 203401 917338561 21.2368 7.6688 501 251001 125751501 22.3830 7.9423
452 204304 92345408 21.2603 7.6744 502 252004 126506008 22.4054 7.9476
453 205209 92959677 21.2838 7.6801 503 253009 127263527 22.4277 7.9528
454 206116 93576664 21.3073 7.6857 504 254016 128024064 22.4499 7.9581
455 207025 94196375 21.3307 7.6914 506 2556025 128787625 224722 7.9634
456 207936 94818816 21.3542 7.6970 506 256036 129554216 22.4944 7.9686
457 208849 95443993 21.3776 7.7026 507 257049 130323843 225167 7.9739
458 209764 96071912 21.4009 7.7082 508 258064 131096512 22.5389 7.9791
459 210681 96702579 21.4243 7.7138 509 259081 131872229 22.5610 7.9843
460 211600 97336000 21.4476 7.7194 510 260100 132651000 225832 7.9896
461 212521 97972181 21.4709 7.7250 511 261121 133432831 22.6053 7.9948
462 213444 98611128 21.4942 7.7306 512 262144 134217728 22.6274 8.0000
463 214369 992652847 21.5174 7.7362 513 263169 135005697 22.6495 8.0052
464 215296 99897344 21.5407 7.7418 514 264196 1356796744 22.6716 8.0104
465 216225 100644625 21.5639 7.7473 515 265225 136590875 22.6936 8.0166
466 217166 101194696 21.5870 7.7529 516 266256 137388096 22.7156 8.0208
467 218089 101847563 21.6102 7.7584 517 267289 138188413 22.7376 8.0206
468 219024 102503232 21.6333 7.7639 518 268324 138991832 22.7596 8.0311
469 219961 103161709 21.6564 7.7695 519 269361 139798359 22.7816 8.0363
470 220900 103823000 21.6795 7.7750 520 270400 140608000 22.8035 8.0415
471 221841 104487111 21.7025 7.7805 521 271441 141420761 22.8254 8.0466
472 222784 105154048 217266 7.7860 522 272484 142236648 22.8473 8.0517
473 223729 106823817 21.7486 7.7915 523 273529 143055667 22.8692 8.0569
474 224676 106496424 21.7715 7.7970 524 274576 143877824 22.8910 8.0620
475 225625 107171875 21.7945 . 7.8025 525 275625 144703125 229129 8.0671
476 226576 107850176 218174 7.8079 526 276676 145531576 22.9347 8.0723
477 227529 108531333 21.8403 7.8134 527 277729 146363183 22.9565 8.0774
478 228484 1092156352 21.8632 7.8188 528 278784 147197952 22,9783 8.0825
479 229441 109902239 21.8861 7.8243 529 279841 148035889 23.0000 8.0876
480 230400 1105692000 21.9089 7.8297 530 280900 148877000 23.0217 8.0927
481 231361 111284641 219317 7.8352 531 281961 149721291 23.0434 8.0978
482 232324 111980168 21.9545 7.8406 532 283024 150568768 23.0651 8.1028
483 233289 112678587 21.9773 7.8460 533 284089 151419437 23.0868 8.1079
484 234256 113379904 22.0000 7.8514 534 285156 152273304 23.1084 8.1130
485 235225 114084125 22.0227 7.8568 535 286225 1563130375 23.1301 8.1180
486 236196 114791256 22.0454 7.8622 536 287296 153990656 23.1517 8.1231
487 237169 115501303 22.0681 7.8676 537 288369 154854153 23.1733 8.1281
488 238144 116214272 22.0907 7.8730 538 289444 165720872 23.1948 8.1332
489 239121 116930169 22.1133 7.8784 539 290521 156590819 23.2164 8.1382
490 240100 177649000 22.1359 7.8837 540 291600 157464000 23.2379 8.1433
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No.

541
542
543
544
545

546
547
548
549
650

551
552
553
554
555

556
557
558
559
560
561
562
563
564
565

566
567
568
569
570

571
572
573
574
578

576
577
578
579
580

581
582
583
584
585

586
587
588
589
590

Table A-8. Squares, cubes, square roots, and cube roots (continued)

Square

292681
293764
294849
295936
297025

298116
299209
300304
301401
302500

303601
304704
305809
306916
308025

309136
310249
311364
312481
313600
314721
315844
316969
318096
319225

320356
321489
322624
323761
324900

326041
327184
328329
329476
330625

331776
332929
334084
335241
336400

337561
338724
339889
341056
342225

343396
344569
345744
346921
348100

Cube

138340421
149220088

160103007
160989184
161878625

162771336
163667323
164566592
165469149
166375000

167284151
168196608
169112377
170031464
170953875

171879616
172808693
173741112
174676879
176616000

176558481
177504328
178453547
179406144
180362125

181321496
182284263
183250432
184220009
185193000

186169411
187149248
188132517
189119224
180109375

191102976
192100033
193100552
194104539
195112000

196122941
197137368
198155287
199176704
200201625

201230056
202262003
203297472
204336469
205379000

Square
Root

23.2594
23.2809
23.3024
23.3238
23.3452

23.3666
23.3880
23.4094
23.4307
23.4521

23.4734
23.4947
23.5160
23.5372
23.5584

23.5797
23.6008
23.6220
23.6432
23.6643

23.6854
23.7065
23.7276
23.7487
23.7697

23.7908
238118
23.8328
23.8537
23.8747

23.8956
23.9165
23,9374
23.9583
23.9792

24.0000
24.0209
24.0416
24.0624
24.0832

24.1039
241247
24.1454
24.1661
24.1868

24.2074
24,2281
24,2487
24.2693
24.2899

Cube
Root

8.1483
81833
8.1683
8.1633
8.1683

8.1733
8.1783
8.1833
8.1882
8.1932

8.1982
8.2031
8.2081
8.2130
8.2180

8.2229
8.2278
8.2327
8.2377
8.2426

8.2475
8.2524
8.2573
8.2621
8.2670

8.2719
8.2768
8.2816
8.2865
8.2913

8.2962
8.3010
8.3059
8.3107
8.3155

8.3203
8.3251
8.3300
8.3348
8.3396

8.3443
8.3491
8.3538
8.3587
8.3634

8.3682
8.3730
8.3777
8.3825
8.3872

591
592

fe2- 4

593
594
595

596
597
598
599
600

601
602
603
604
605

606
607
608
609
610

611
612
613
614
615

616
617
618
619
620

621
622
623
624
625

626
627
628
629
630

613
632
633
634
635

636
637
638
639
640

Square

349281
350464

SURTS

351649
352836
354025

355216
356409
357604
358801
360000

361201
362404
363609
364816
366025

367236
368449
369664
370881
372100

373321
374544
375769
376996
378225

379456
380689
381924
383161
384400

385641
386884
388129
389376
390625

391876
393129
394384
395641
396900

398161
399424
400689
401956
403225

404496
405769
407044
408321
409600

Cube

206425071
207474688
208527857
209584584
210644875

211708736
212776173
213847192
214921799
216000000

217081801
218167208
219256227
220348864
221445125

222545016
233648543
224755712
225866529
226981000

228099131
229220928
230346397
231475544
232608375

233744896
234885113
236029032
237176659
238328000

239483061
240641848
241804367
242970624
244140625

245314376
246491883
247673152
248858189
250047000

251239591
252435968
253636137
254840104
256047875

257259456
258474853
259694072
260917119
262144000

Square
Root

24.3105
24.3311
24.3516
24.3721
24.3926

24.4131
24.4336
24.4540
24.4745
24.4949

245153
24.5357
24,5561
245764
245967

246171
24,6374
24.6577
246779
24.6982

247184
247386
24.7588
24,7790
24.7992

24.8193
24.8395
24.8596
24.8797
24.8998

249199
24.9399
24.9600
24.9800
25.0000

25.0200
25.0400
25.0599
25.0799
25.0998

25.1197
25.1396
25.1695
25,1794
25.1992

25.2190
25.2389
25.2587
25.2784
25.2982

FM 25-233

Cube
Root

8.3919

2 QK7
S

Re i e

8.4014
8.4061
8.4108

8.4155
8.4202
8.4249
8.4296
8.4343

8.4390
8.4437
8.4484
8.4530
8.4577

8.4623
8.4670
8.4716
8.4763
8.4809

8.4856
8.4902
8.4948
8.4994
8.5040

8.5086
85132
85178
8.5224
8.5270

8.5316
8.5362
8.5408
8.5453
8.5499

8.5544
8.6590
8.5635
8.5681
8.5726

8.5772
8.5817
8.5862
8.5907
8.5952

8.5997
8.6043
8.6088
8.6132
8.6177

A-101
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Table A-8. Squares, cubes, square roots, and cube roots (continued)

Square Cube Square Cube

No. Square Cube Root Root No. Square Cube Root Root

641 410881 263374721 25.3180 8.6222 691 477481 329939371 26.2869 8.8408
642 412164 264609288 25.3377 8.6267 692 478864 331373888 26,3059 8.8451
643 413449 265847707 25.3574 8.6312 693 490249 332812557 26.3249 8.8493
644 414738 267080984 25.3772 6.6357 694 481636 334255384 26,3439 8.85386
645 416025 268336125 25.3969 8.640% 695 483025 335702375 26.3629 8.8578
646 417316 269586136 25.4165 8.6446 696 484416 337153536 26.3818 8.8621
647 418609 270840023 25.4362 8.6490 697 485809 338608873 26.4008 8.8663
648 419904 272097792 25.4558 8.6535 698 487204 340068392 26.4197 8.8706
649 421201 273359449 25.4755 8.6579 699 488601 341532099 26.4386 8.8748
650 422500 274625000 25.4951 8.6624 700 490000 343000000 26.4575 8.8790
651 423801 275894451 25.5147 8.6668 701 451401 344472101 26.4764 8.8833
652 425104 277167808 25.5343 8.6713 702 492804 345948408 26.4953 8.8875
653 426408 278445077 25.5538 8.6757 703 494208 347428927 26.5141 88917
654 427716 279726264 255734 8.6801 704 495616 348913664 26.6330 8.8959
655 428025 281011375 255830 8.6845 705 497025 350402625 26.5518 8.9001
656 430336 282300416 25.6125 8.6890 706 498436 351895816 26.5707 8.9043
657 431649 283593393 25.6320 8.6934 707 499849 353393243 26.5895 8.9085
658 432964 284890312 25.6515 8.6978 708 501264 354894912 26.6083 8.9127
659 434281 286191179 25.6710 8.7022 708 502681 356400829 26.6271 8.9169
660 435600 287496000 25.6905 8.7066 710 504100 357911000 26.6468 8.9211
661 436921 288804781 25.7099 8.7110 711 505521 359425431 26.6646 8.9253
662 438244 250117528 25.7254 8.7154 712 506544 360844128 26.6833 8.8285
663 439569 291434247 25.7488 8.7198 713 508369 362467097 26.7021 8.9337
664 440836 292754944 25.7682 8.7241 714 508736 363994344 26.7208 8.9378
665 442225 294079625 25.7876 8.7285 715 5112256 3655625875 26.7395 8.9420
666 443556 295408296 25.8070 8.7329 716 512656 367061696 26.7582 8.9462
667 444889 296740963 25,8263 8.7373 717 514089 368601813 26.7769 8.9503
668 446224 298077632 25.8457 8.7416 718 515524 370146232 26.7955 8.9545
669 447561 299418309 25.8650 8.7460 719 516961 371694959 26.8142 8.9587
670 448900 300763000 25.8844 8.7503 720 518400 373248000 26.8328 8.9628
671 450241 302111711 25.9037 8.7547 72i 515841 374805361 26.8514 8.9670
672 451584 303464448 25.9230 8.7590 722 521284 376367048 26.8701 8.9711
673 4529235 304821217 25.5422 8.7634 723 522728 377833067 26.8887 8.8752
674 454276 306182024 25.9615 8.7677 724 524176 379503424 26.9072 8.9794
875 455625 307546875 25.8808 8.7721% 725 525825 381078125 25.9258 8.9835
676 456976 308915776 26.0000 8.7764 726 527076 382657176 26.9444 8.9876
677 458329 310288733 26.0192 8.7807 727 528529 384240583 26.9629 8.9918
678 459684 311665762 26.0384 8.7850 728 529984 385828352 26.9815 8.9959
679 461041 313046839 26.0576 8.7893 729 531441 387420489 27.0000 9.0000
680 462400 314432000 26.0768 8.7937 730 532900 389017000 27.0185 9.0041
681 463761 3156821241 26.0960 8.7980 731 534361 390617891 27.0370 9.0082
682 465124 317214568 26.11561 8.8023 732 535824 352223168 27.0555 80123
683 466489 318611987 26.1343 8,8066 733 537289 393832837 27.0740 9.0164
684 467856 320013504 26.1543 8.8108 734 538756 355446904 27.0924 9.0205
685 469225 321419125 26.1725 8.8162 735 540225 397065375 27.1109 9.0246
686 470596 322828856 26.1916 8.8194 736 541696 398688256 27.1293 9.0287
687 471969 324242703 26.2107 8.8237 737 543169 400315553 27.1477 9.0328
688 473344 325660673 26.2298 8.8280 738 544644 401947272 27.1662 9.0369
689 474721 327083769 26.2488 8.8323 739 5646121 403583419 27.1846 9.0410
690 476100 328509000 26.2679 8.8366 740 547600 405224000 27.2029 9:0450
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No.
741

752
743
744
745

746
747
743
749

750
751
752
753
754
755

756
787
758
759
760

761
762
763
764
765

766
767
768
769
770

m

772
773
774
775

776
777
778
779
780

781
782
783
784
785

876
787
788
789
790

Table A-8. Squares, cubes, square roots, and cube roots {continued)

Square

549081
550564
552049
553536
655025

556516
558009
559504
561001

eanenn
JULIVUY

564001
565504
567009
568516
570025

671536
673049
574564
576081
577600

679121
580644
582169
583696
585225

586756
588289
589824
591361
592900

594441
595984
597529
599076
600625

602176
603729
605284
606841
608400

609961
611524
813089
614656
616225

617796
619369
620944
622521
624100

Cube
406869021

408518488
410172407
411830784
413493625

415160936
416832723
418508992
420189749
421875000
423564751
425259008
426957777
428661064
430368875

432081216
433798083
435519512
437245479
438976000

440711081
442450728
444194947
445943744
447697125

449455096
451217663
452984832
454756609
456533000

458314011
460099648
461889917
463684824
465484375

467288576
469097433
470810952
472729139
474552000

476379541
478211768
480048687
481890304
483736625

485587656
487443403
489303872
491169069
493039000

Square
Root

27.2213
27.2397
27.2580
27.2764

27.2947

27.3130
27.3313
27.3496
27.3679

a7 naa1
£/7.3001

27.4044
27.4226
27.4408
27.4591
27.4773

27.4955
27.5136
27.5318
27.5500
27.5681

27.5862
27.6043
27.6225
27.6405
27.6586

27.6767
27.6948
27.7128
27.7308
27.7489

27.7669
27.7849
27.8029
27.8209
27.8388

27.8568
27.8747
27.8927
27.9106
27.9285

27.9464
27.9643
27.9821
28.0000

28.0179

28.0357
28.0535
28.0713
28.0891
28.1069

791
792
793
794

795

796
797
798
799
800
801
802
803
804
805

806
807
808
809
810

811
812
813
814
815

816
817
818
819
820

821
822
823
824
825

826
827
828
829
830

831
832
833
834
835

836
837
838
839

Square

625681
626264
628849
630436

632025

633616
635209
636804
638401

-y FaVaTa¥eY
D4

641601
643204
644809
646416
648025

649636
651249
652864
654481
656100

657721
659344
660969
662596
664225

665856
667489
669124
670761
672400

674041
675684
677329
678976
680625

682276
683929
685584
687241
688900

690561
692224
693889
695556
697225

698896
700669
702244
703921
705600

Cube
494913671

496793088
498677257
500566184

502459875

504358836
506261573
508169592
510082399

c4anANANN
[=R P AVIE V.8 .V, 0

513922401
515849608
517781627
519718464
521660125

523606616
525557943
527414112
529475129
531441000

533411731
535387328
537367797
539351344
541343375

543338496
545338513
547343432
549353259
551368000

553387661
555412248
557441767
559476224
561515625

563569976
565609283
567663562
569722789
571787000

573856191
575930368
578009537
580093704

582182875

584277056
586376253
588480472
590589719
592704000

Square
Root

28.1247
28.1425
28.1603
28.1780

28.1957

28.2135
28.2312
28.248%
28.2666

nn nqan
£LO0.L09%9

28.3019
28.3196
28.3373
28.3549
28.3725

28.3901
28.4077
28.4253
28.4429
28.4605

28.4781
28.4956
28.56132
28.5307
28.5482

28.5657
28.5832
28.6007
28.6182
28.6356

28.6531
28,6705
28.6880
28.7054
28.7228

28.7402
28.7676
28.7750
28.7924
28.8097

28.8271
28.8444
28.8617
28.8791
28.8964

28.9137
28.9310
28.9482
28.9655
28.9828

FM 5-233

9.2793

a fan29
J.£4094

9.2870
9.2909
8.2948
9.2986
9.3025

9.3063
9.3102
9.3140
9.3179
9.3217

9.3255
9.3294
9.3332
9.3370
9.3408

9.3447
9.3485
9.3523
9.3561
9.3699

9.3637
9.3675
93713
9.3751
9.3789

9.3827
9.3865
9.3902
9.3940
9.3978

9.4016
9.4053
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Table A-8. Squares, cubes, square roots, and cube roots (continued)

Square Cube Square Cube

No. Square Cube Root Root No. Square Cube Root Root

841 707281 594823321 25.0000 $.4391 851 753881 707347873 25.8496 56228
842 708964 596947688 29.0172 9.4429 892 795664 709732288 29.8664 9.6262
843 710643 5858077107 28.0345 $.4466 883 787448 712121957 298831 96298
844 712336 601211584 29.0517 9.4503 894 799236 714516984 29.8998 9.6334
845 714025 603351125 29.0689 9.4541 895 801025 716917375 29.9166 9.637C
846 715716 605495736 29.0861 9.4578 896 802816 719323136 29.9333 9.6406
847 717409 607645423 29.1033 9.4615 897 804609 721734273 29.9500 9.6442
848 719104 609800192 29.1204 9.4652 898 806404 724150792 29.9666 9.6477
849 720801 611960049 29.1376 9.4690 899 808201 726572699 29.9833 9.6513
850 722500 614125000 29.1548 9.4727 800 810000 729000000 30.0000 9.6549
8561 724201 616295051 29.1719 9.4764 901 811801 731432701 30.0167 9.65856
852 7253904 618470208 29.1890 9.4801 902 813604 733870808 30.0333 9.6620
853 727609 620650477 29.2062 9.4838 903 815409 736314327 30.0500 9.6656
854 729316 622835864 29.2233 9.4875 904 817216 738763264 30.0666 9.6692
856 731025 625026375 29.2204 9.4912 905 818025 741217625 30.0832 9.6727
856 732736 627222016 29.2575 9.4949 906 820836 743677416 30.0998 9.6763
857 734449 629422793 29.2746 9.4986 907 822649 746142643 30.1164 9.6799
858 736184 631628712 29,2918 9.6023 08 R24464 748613312 30.1330 9.6834
859 737881 633839779 29.3087 9.5060 909 826281 751089429 30.1496 9.6870
860 739600 636056000 29.3258 9.5097 910 828100 753571000 30.1662 9.6905
861 741321 638277381 29.3428 9.5134 911 829921 756058031 30.1828 9.6941
862 743044 640503928 29.3598 9.6171 9i2 831744 758550528 30.1993 9.6976
863 744769 642735647 29.3769 9.5207 913 833569 761048497 30.2159 9.7012
864 746456 644572544 25.333% $.5244 gi4 835336 763551944 30.2324 8.7047
865 748225 647214625 29.4109 9.6281 815 837225 766060875 30.2490 9.7082
866 749956 649461896 29.4279 9.6317 916 839056 768575296 30.2655 9.7118
867 751689 651714363 29.4449 9.5354 917 840889 771095213 30.2820 9.7163
868 753424 653972032 29.4618 9.5291 918 842724 773620632 30.2985 9.7188
869 755161 656234909 29.4788 9.5427 219 844561 776151559 30.3150 9.7224
870 756900 658503000 29.4958 9.6464 920 846400 778688000 30.3315 9.7259
871 758641 860776311 29.5127 9.6801 921 848241 781229961 30.3480 9.7294
872 760384 663054848 29.5296 9.6537 922 850084 783777448 30.3645 98.7329
873 762129 665338617 29.5466 9.5574 923 851929 786330467 30.3809 9.7364
874 763876 667627624 29.5635 9.5610 924 853776 788889024 30.3974 9.7400
875 765625 669921875 29.5804 9.5647 925 855625 791453125 30.4138 9.7435
876 767376 672221376 29.5973 9.5683 926 857476 794022776 30.4302 9.7470
877 7651295 674526133 25.6142 9.5713 827 858328 796557583 30.4467 8.75056
878 770884 676836152 29.6311 9.6756 928 861184 799178752 30.4631 9.7540
879 772841 879151439 29.6479 9.6792 929 863041 801765089 304795 9.7878
880 774400 681472000 29.6648 9.5828 930 864900 804357000 30.4959 9.7610
881 776161 683797841 29.6816 9.5865 931 866761 806954491 305123 9.7645
882 777924 686128968 29.6985 9.5901 932 868624 809557568 30.5287 9.7680
883 779689 688465387 29.7153 9.5937 933 870489 812166237 30.5450 97715
884 781456 690807104 28.7321 9.5973 934 872356 841780504 305614 9.7750
885 783225 633154125 29.7489 §.6010 335 874225 817400375 30.5778 8.7785
886 784996 695506456 29.7658 9.6046 936 876096 820025856 30.5941 9.7818
887 786769 697864103 29.7825 9.6082 937 877969 822656953 30.6106 9.7854
888 788544 700227072 29.7993 9.6118 938 879844 825293672 30.6268 9.7889
889 790321 702595369 29.8161 9.6154 939 881721 827936019 30.6431 9.7924
890 792100 704969000 29.8329 9.6190 940 883600 830584000 30.6594 9.7959
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No.

941
942
943
944
945

946
947
948
949
950

951
952
9563
954
955

956
957
958
959
960

961
962
963
964
965

966
967
968
969
970

Table A-8. Squares, cubes, square roots, and cube roots (continued)

Square

885481
887364
889249
891136
893025

894916
896809
898704
900601
902500

904401

910116
912025

913936
915849
917764
919681

923521
925444
927369
929296
931225

933166
935089
937024
938961
940900

Cube

833237621
835896888
838561807
841232384
843908625

846590536
849278123
851971392
854670349
857375000

860085351
862801408
865523177
868250664
870983875

873722816
876467493
879217912
881974079
884736000
887503681
890277128
893056347
895841344
898632125

901428696
904231063
907039232
909853209
912673000

Square
Root

30.6757
30.6920
30.7083
30.7246
30.7409

30.7571
30.7734
30.7896
30.8058
30.8221

30.8383
30.8545
30.8707
30.8869

30.9031

30.9192
30.9354
30.9516
30.9677
30.9839

31.0000
31.0161
31.0332
31.0483
31.0644

31.0805
31.0966
31.1127
31.1288
31.1448

Cube
Root

9.7993
9.8028
9.8063
9.8097
9.8132

9.8167
9.8201
9.8236
9.8270
9.8305

9.8339
9.8374
9.8408
9.8443
9.8477

9.8511
9.8546
9.8580
9.8614
9.8648

9.8683
9.8717
9.8751
9.8785
9.8819

9.8854
9.8888
9.8922
9.8956
9.8980

No.

971
972
973
974
975

976
977
978
979
980

981
282
983
984

985

886
987
988
989
980

981
992
993
994
995

996
997
998
999
1000

Square

942841
944784
946729
948676
850625

952576
954529
956484
958441
960400

962361
964324
966289
968256
970225

972196
974169
976144
978121
980100

982081
984064
986049
988036
980025

992016
994009
996004
998001
1000000

Cube

915498611
918330048
921167317
924010424
926869375

929714176
932574833
935441352
938313739
941192000

944076141
946966168
949862087
962763904
955671625

958585256
961504803
964439272
967361669
970299000

973242271
976191488
979146657
982107784
985074875

988047936
981026973
994011992
997002999
1000000000

Table A-9. Functions of the 10-chord spiral

(To use table, locate the angle in the left column.)

The valve for angle A is in the second column.

To compute the value of C, X or Y, multiply the appropriate value times the

length of the spiral‘(Ls).

Square
Root

31.1609
31.1769
31.1929
31.2090
31.2250

31.2410
31.2570
31.2730
31.2890
31.3050

31.3208
31.3369
31.3528
31.3688
31.3847

31.4006
31.4166
31.4325
31.4484
31.4643

31.4802
31.4960
31.6119
31.5278
31.6436

31.56956
31.5753
31.5911
31.6070
31.6228

FM 5-233
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Table A-9. Functions of the 10-chord spiral (continued)

> X v c X Y
a A —_ -_— —_ A A —_ —_ -

k. L L. L. L. L.
0.0° 0°00°00"  1.000000 1.000000  0.000 000 5.00 1°40'00" 999666  .999243  .029073
0.1° 0°02°00" 1.000000 1.000000  .000 582 5.1° 1042'00" 999652 999212  .029 654
¢ 2° G° 04’ 00" .999 999 .999 999 .001 164 5.2° 1° 44’ 00" .999 639 .999 181 .030 235
0.3° 0°06'00" 999999  .999997  .001 745 5.3° 1°46'00" 999625  .999149  .030816
0.4° 0°08'00"  .999998  .999995  .002 327 5.4° 1°48°'00" 999610 999117 031396
0.5° 0°10°00"  .999997  .999993  .002 909 5.5° 1960°00" 999596 999084  .031977
0.6° 0°12'00"  .999995  .999989  .003 491 5.6° 1°61'59" 999581 999051  .032558
0.7° 0°14°00"  .999993  .999985  .004 072 5.7° 1°63'69" 999566 999016  .033138
0.8° 0°16'00"  .999991  .999981  .004 654 5.8° 196659 999550 998982  .033719
0.9° 0°18°00° 999989  .999976 005 236 5.9° 1°67°59" 999535  .998946  .034 299
1.0° 0°20°00" 999987  .999970  .005 818 6.0° 1°59'69" 999519 998910  .034 880
1.1° 0°22°00" 999984  .999963  .006 399 6.1° 2°01'69" 999503 998873  .035460
1.20 0°24’00" 999981  .999956  .006 981 6.2° 2°03'59" 999486  .998836 036040
1.3 0°26'00" 999977  .999949  .007 563 6.3° 2°05'59" 999470  .998799  .036 621
1.4° 0°28°00" 999974  .999941  .008 145 6.4° 2°007'59” 999453 998760  .037201
1.8 0°30°00" 999970  .999932  .008 726 6.5° 2009'69" 999435 998721  .037781
1.6° 0°32°00" 999966  .999923  .009 308 6.6° 2°11'58” 999418 998681  .038 361
1.7° 0°34'00" 999961  .999913  .009 890 6.7° 2°013'6¢" 999400  .998641 038941
1.8° 0°36'00" 999957  .999902  .010471 6.8° 2015'59" 999382 998600 039522
1.9° 0°38°00"  .999952  .999891  .011053 6.9° 2017'59” 999364 998559  .040 102
2.0° 0° 40°00"  .999947 999879  .011635 7.0° 2019'59” 999345 998517  .040681
2.1° 0°42'00" 999941 999867  .012216 7.1° 2021'69” 999326 998474 041261
2.2 0°44'00" 999935 999853  .012798 7.2 2°23'59" 999307 998431 041841
2.3° 0°46'00" 999930  .999840  .013379 7.3° 2°25'59" 999288 998387  .042421
2.4° 0°48'00" 999923  .999826  .013 961 7.4° 2°27°59" 999268 998343  .043001
2.5° 0°50'00" 999916 999811  .014542 7.5 2°29'59” 999248 998298 043581
2.6° 0°62'00" 999910 999795  .015124 7.6° 2°31°69” 999228 998262  .044 160
2.7° 0°54'00" 999903 999779  .015706 7.7° 2033'69" 999208 998206  .044 740
2.8° 0°56'00"  .999895 999763  .016287 7.8° 2035'69" 999187 998159  .045319
2.9° 0°58'00" 999888  .999745  .016 868 7.9° 2°37'59" 999166 998111 045899
3.0° 1°00°00" 999880  .999727  .017 450 8.0° 2°39'68" 999145  .998063 046478
3.1° 1°02°00" 999872  .999709 01803} 8.1° 2°41'58” 999123 998015  .047058
3.2° 1°04'00" 999863  .999690  .018613 8.2° 2°43'58" 998102 997965 047637
3.3° 1°06'00" 999854 999670  .019194 8.3° 2045'58" 999080 997916  .048216
3.4 1908’00 999845 999650  .019776 8.4° 2°047'58" 999057 997865  .048 795
3.6° 1°10'00" 999836 999623  .020 357 8.5° 2°049'58” 999035 997814  .049374
3e° 1°12°00" 999827 999607  .020938 B.6° 2°51'68” 999012 997762  .049953
a7° 1°14'00" 999817  .999585  .021519 8.7° 2063 58" 998989 997710  .050532
3.8° 1°16'00" 999807  .999563  .022 101 8.8° 2°56'68” 998965  .997657  .051 111
3.9° 1°18'00" 999797  .999539  .022 682 8.9° 2°057'58" 998942 997603  .051690
4.0° 1°20'00" 999786  .999616 023263 9.0° 2°59'58” 998918 997549 052269
410 1°22°00" 999776 999491 023844 9.1° 3°01'58" 998894 997494  .052848
4.20 1°24'00" 999764 999466  .024 425 9.2° 3°03'58" .998869  .997439  .053426
4.3 1926'00" 998753 999440 025006 9.3° 3°05'58" 998844 997383  .054 005
4.4° 1°28°00" 999741 999414 025688 9.4° 3°07'58" 998819 997327  .054583
4s5° 1°30'00" 999729 999387  .026169 9.5° 3°09'67" .998794 997270  .055162
4.6° 1932700 999717 999369  .026 750 9.6° 3°11'67" 998769  .897212  .055740
4.7 1°34°00" 999705  .999331  .027330 9.7° 3°13'57° 998743 997154  .056318
4.8° 1°36'00" 999692 999302  .027911 9.8° 3°16'67" 998717 997095  .056 897
4.9 1°38'00" 999679 999273  .028482 9.9° 3°17'567" 998691 997035  .057475
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A

3°19' 57"

3° 21°' 57"
3° 23 57"
3° 25° 67"
3°27°67"
3° 29' 87"
3° 31’ 56"
3° 33' 56"
3° 35’ 56"
3° 37° 56"

3° 39' 58"

3° 41’ 56"
3° 43' 56"
3° 45’ 56"
3° 47’ 56"
3° 49° 55~
3° 51’ 55"
3° 53’ 65~
3° 65' 55"
3° 57’ 65"

3° 59' b5”

4° 01’ 556"
4° 03' 55"
4° 05’ 54"
4° 07’ 54~
4° 09’ 54"
4° 11’ 54"
4° 13’ 54~
4° 16’ 64"
4° 17’ 54~

4° 19’ 53~

4° 21’ 63"
4° 23’ 53"
4° 25' 63"
4° 27° 53"
4° 29' 63"
4° 31' 63"
4° 33 652"
4° 35' 62"
4° 37" 52"

4° 39" 62"

4° 41" 52"
4°43' 51"
4° 45’ 51"
4047 51"
4° 49" 51"
4° 51" 51"
4053 51"
4° 65’ 50"
4° 57° 50"

Table A-9. Functions of the 10-chord spiral (continued)

C
L
.996 6u4d

.998 637
.998 610
.998 583
.998 555
.998 527
.998 499

.998 233
.998 203
.998 172
.998 140
.998 109

.998 077

.998 044
.998 012
.897 979
.8997 946
.897 913
.897 880
997 846
897812
.997 777

.897 743

.997 708
.897 673
.997 638
.8997 602
.897 566
.997 630
.8997 493
.897 457
.997 420

.997 383

.997 345
.897 307
997 269
997 231
997 192
.997 154
287 1156
.897 075
.997 036

X

L.

.96 975

.996 915
.996 853
996 791
996 729
.996 666
.996 602
.996 538
996 473
.996 407

.JY0 341

.996 274
.996 207
.996 139
.8996 071
.896 002
.995 932
.895 862
.895 791
.995 719

.995 647

.995 574
.995 501
.995 427
.995 3563
.995 278
.995 202

995 126
.995 049
.994 971

.994 893

.994 814
.994 735
.994 655
.8994 575
8994 494
994 412
.994 330
894 247
994 163

994 079

.993 995
.993 909

993 823
.983 737
.993 650
.993 662

893474

.993 385
.993 296

Y

L.
.058 053

.068 631
.069 209
.059 787
.060 364
.060 942
.061 520
062 097
.062 675
063 252

.067 868
.068 445
.069 021

.069 598

070174
070 750
071 326
071902
072478
.073 054
073630
.074 206
.074 781

.076 357

.075932
.076 508
.077 083
.077 658
.078 233
.078 808
.079 383
079 957
.080 532

081106
081 681
.082 255

A

4° 59’ 50"

5° 01" 50"
5° 03’ 50"
5° 05’ 49"
5° 07" 49"
5° 09’ 49"
5° 11 49"
5° 13' 49"
6° 15'48”
5° 17" 48"
5° 1
5° 21’ 48"
5° 23’ 47"
6° 25' 47"
5° 27" 47"
50 29" 47"
5° 31' 46"
5° 33’ 46"
5° 35' 46"
5° 37 46"

5° 39" 45"

5° 41' 45"
5° 43 45"
5° 45' 45"
5° 47" 44"
5° 49 44"
5° 51’ 44"
5° 53 44"
5° 55' 43"
5° 57' 43"

5° 59' 43"

6° 01" 42"
6° 03" 42"
6° 05' 42"
6° 07" 42"
6°09' 41"
6° 11 41"
6° 13' 41"
6° 15’ 40"
6° 17' 40"

6° 19' 40"

6° 21’ 39"
6° 23’ 39"
8° 25’ 38"
6° 27" 38"
6° 29’ 38"
6° 31' 38"
6° 33’ 37"
6° 35’ 37"
6° 37" 37"

C
L.

.996 996

.996 956
8996 915
.996 874
.996 833
.996 792
.8996 751

.696 366
.996 321
.996 277
.996 232
.996 187

.996 142

.996 097
.996 051
.996 005
.995 959
995 912
.995 865
995 818
.995 771
.995 723

.995 676

.995 627
.995 579
.995 530

895 482
996 432
.996 383
.995 333
9956 283
.995 233

.995 183

.995 132
.995 081

aoc non

.995 025
8994 978
.994 926
.994 874
.994 822
.8994 769
.894 716

X
L.

.993 206

.993 115
.993 024
.992 932
.992 840
.992 747
.992 653
.092 559
.992 465
.992 369

ana 272
DIL LTS

992177
.992 080
991 982
.991 884
.991 785
.991 685
.991 585
.991 484
991 383

991 281

991 179
991076
.990 972
.990 868
990 763
.990 657
980 681
990 445
.990 338

.990 230

990 122
990013
.989 903

.989 793
.989 682
.989 571
.989 459
.989 346
.989 233

.989 120

.989 005
.988 891

Y- i 1

00 /70

.988 659

.988 543

988 425

9dR 308
R

.988 189
.988 070

FM 5-233

¥

L.
.086 846

.087 418
.087 992
.088 565
.089 138
.089 711
.090 284

.094 862
.0956 433
.090 005
.096 576
.097 148
097719

.098 290

.098 861
099 432
.100 002
.100573
.101 143
101 713
.102 284
.102 854
.103 424

.103 993

.104 563
.105 132
105 702
1086 271
.106 840
107 409
.107 978
.108 547
108 115

.109 683

110 252
110820
111388
111 956
1125623
113 091
.113 6568
114 226
114793
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20.0°

20.1°
20.2°
20.3°
20.4°
20.5°
20.6°
20.7°
20.8°
20.9°

21.0°

21.1°
21.2°
21.3°
21.4°
21.5°
21.6°
21.7°
21.8°
21.9°

22.0°

22.1°
22.2°
22.3°
22.4°
22.5°
22.6°
22.7°
22.8°
22.9°

23.0°

23.1°
23.2°
23.3°
23.4°
23.5°
23.6°
23.7°
23.8°
23.9°

24.0°

24.1°
24.2°
24.3°
24.4°
24.5°
24.6°
24.7°
24.8°

A-108

A

6° 39’ 36"

6°41' 36"
6° 43’ 36"
6° 45’ 35
6° 47 35"
6° 49" 34"
6° 51’ 34
6° 53 34~
6° 56' 33"
6° 67' 33"

6° 59" 32"

7° 01" 32"
7° 03" 32"
7° 05'31"
7° 07" 31~
7° 09’ 30"
7° 11" 30"
7°13' 30"
7° 15° 29"
7°17' 29"

7° 19 28"

7°21° 28"
7° 23’ 28"
7° 25 27"
7° 27" 27"
7° 29° 26~
7° 31°26"
7° 33" 25"
7° 36' 25"
7° 37 24"

7° 39' 24"

7° 41 23"
7°43' 23"
7°45' 22"
7° 47" 22"
7° 49 21~
7° 51" 21"
7° 837 20"
7° 55 20"
7° 567 19"

7° 59" 19"

8°01'18"
8° 03" 18~
8°05' 17"
8° 0717~
8° 09’16~
B8° 11" 16"
8° 13" 15"
8° 15° 16"

Table A-9. Functions of the 10-chord spiral (continued)

C

L.

.994 663

994610
.994 556
.994 502
.994 448
.994 393
.994 339
.994 284
.994 228
.994 173

.994 117

.894 061
.994 005
.993 948
.993 891
.993 834
.893 777
.993 719
.993 661
.993 603

.993 545

.993 486
.99% 427
.893 368
.993 308
.993 248
.993 188
.993 128
.993 068
.993 007

.992 946

.992 884
.992 823
.992 761
.992 699
.992 636
.892 574
992 511
.992 448
.992 384

992 321

992 257
.992 192
.992 128
.992 063
.991 998
.991 933
.991 867
991 801

X
L.

.987 951

.987 830
.987 710
.987 589
.987 467
.987 344
.987 221
.987 097
.986 973
.986 849

.986 723

.986 6597
.986 471
.986 343
.986 216
.986 088
.985 959
.986 829
.985 699
.985 568

.985 437

.985 306
.985 173
.985 040
.984 906
.984 772
.984 638
.984 502
.984 366
.984 230

.984 093

.983 955
.983 817
.883 678
.983 539
.983 399
.983 258
.983 117
.982 976
.982 834

.982 691

.982 547
.982 403
.982 259
982114
.981 968
.981 822
.981 675
.981 628

Y
L

.115 360

.115 926
.116 493
.117 059
117 626
118 192
.118 768
.119 324
.119 890
.120 455

.121 021

.121 586
122 151
122716
.123 281
.123 846
124 410
.124 974
-125 539
.126 103

.126 667

127 230
127 794
.128 367
.128 920
.129 483
.130 046
.130 609
131172
131734

.132 296

.132 858
.133 420
.133982
.134 543
.135 105
.135 666
136 227
.136 788
137 348

137 908

.138 469
.139 029
.139 589
.140 149
.140 708
141 268
.141 827
.142 386

24.9°
25.0°

25.1°
25.2°
25.3°
25.4°
25.5°
25.6°
25.7°
25.8°
25.9°

26.0°

26.1°
26.2°
26.3°
26.4°
26.5°
26.6°
26.7°
26.8°
26.9°

27.0°

27.1°
27.2°
27.3°
27.4°
27.5°
27.6°
27.7°
27.8°
27.9°

28.0°

28.1°
28.2°
28.3°
28.4°
28.5°
28.6°
28.7°
28.8°
28.9°

29.0°

29.1°
29.2°
29.3°
29.4°
29.5°
29.6°

A

8°17' 14"
8° 19" 14"

8°21'13”
8° 23" 12"
8° 25' 12"
8° 27" 11"
8°29' 11"
8° 31" 10"
8° 33" 10"
8° 35' 09"
8° 37' 08"

8° 39’ 08"

8° 41' 07"
8° 43 07"
8° 45’ 06"
8° 47° 056"
8° 49' 05"
8° 51' 04"
8° 53' 03"
8° 56 03"
8° 57 02~

8° 59' 02"

g°01' 01"
9° 03' 00"
9° 05’ 00"
9° 06’ 59"
9° 08’ 58"
9° 10’ 58"
9°12' 67"
9° 14' 66"
9° 16’ 55~

9° 18' 65"

9° 20' 54"
9° 22' 53"
9° 24’ 53"
9° 26’ 52"
9° 28' 51"
9°30' 51"
9° 32' 50~
9° 34’ 49"
9° 36' 48"

9° 38’ 48"

9° 40" 47~
9° 42 46~
9° 44' 45"
9° 46' 45"
9° 48" 44"
9° 60”43~

C

L.

.991 736
991 669

.991 602
991 536
.991 468
.991 401
991 333
991 265
.991 197
991 129
.991 060

.990 991

990 822
.990 853
.990 783
.990 713
.990 642
.990 572
.990 501
.990 430
.990 359

.990 287

.990 215
.990 143
.990 071
.989 998
.989 925
.989 852
.989 779
.989 705
.989 631

.989 557

.989 482
.989 408
.989 333
.989 257
.989 182
.989 106
.989 030
.988 954
.988 877

.988 800

.998 723
.988 646
.988 568
.988 491
988412
.988 334

X

L

.981 380
.981 231

.981 082
.880 932
.980 782
.980 631
.980 479
.980 327
.980 175
.980 022
979 868

979 714

.979 659
979 403
979 247
.979 080
.978 933
.978 776
978617
.978 459
.978 299

.978 139

977 978
.977 817
.977 655
.977 493
.977 330
977 167
.877 003
.976 838
976 673

.976 508

.976 341
976 174
.976 007
.976 839
.975 670
.976 500
.976 331
975 161
.974 930

.974 819

.974 647
.974 475
.974 301
974 128
.973 954
.873 779

Y

L.

.142 945
.143 504

.144 062
.144 620
.145 179
145 737
.146 294
.146 852
.147 408
.147 966
.148 523

.149 080

.149 637
.150 193
.160 750
161 306
.151 861
162417
1562973
163528
.154 083

.154 638

.1556 193
.155 747
.156 301
.156 855
157 409
157 963
158516
159 070
159 623

160176

.160 728
161 281
.161 833
.162 385
.162 937
.163 489
.164 040
.164 591
165 142

165 693

166 244
166 794
167 344
167 894
.168 444
.168 993



9° 52' 42"
9° 54’ 41"
9° 66'41”

10° 00’ 38"
10° 02’ 38~
10° 04’ 37"
10° 06’ 37"
10° 08’ 36"
10° 10’ 35~
10° 12’ 34"
10° 14’ 33"
10° 16' 32"

10° 18’ 32~

10° 20 31"
10° 22' 30"
10° 24’ 29"
10° 26’ 28"
10° 28' 27"
10° 30" 26"
10° 32' 256~
10° 34’ 24~
10° 36’ 24~

10° 38° 23"

10° 40" 22~
10° 42 21~
100 44’ 20"
10° 46° 19"
10° 48' 18"
10° 60" 17~
10° 62’ 16~
10° 54’ 16"
10° 66’ 14"

10° 58' 13~

11°00" 12~
11°02" 11~
11°04' 10"
11° 06’ 09~
11° 08’ 08"
11°10°' 07"
11°12° 06"
11° 14° 05~
11°16° 04~

11° 22° 01~
11° 24' 00"
11° 25° 659~
11° 27’ 68"

Table A-9. Functions of the 10-chord spiral (continued)

987 778
.987 699
.987 617
.987 536
.987 455
.987 373
.987 291

.987 209

.987 127
.987 044
.986 962
.986 879
.986 795
.986 712
.986 628
.986 544
.986 459

.985 861
.985 775
.985 688
.985 601

985514

.985 426
.985 339
.985 251
.985 162
.985 074
.984 985
.984 896
.984 807
.984 717

.84 627
.884 537
.984 447
.984 356

.984 265
.984 174

w© w0
~ -

[(e] <«
~J ~l
NN W
0 O
8 = =~

[ IO

.972 361
.872 181
.872 000
.871 820
.971 638
.871 456

.971 273

.871 090
.870 907
.870 722
.970 537
.970 352
.870 166
.969 980
.969 792
.969 605

.99 417/

.969 228
.969 039
.968 849
.968 658
.968 468
.968 276
.968 084
.867 891
.967 698

.967 504

.967 310
.967 115
.966 920
.966 724
.966 528
.966 331
.966 133
.965 935

.964 734
.964 532

!"|1-<

.169 643
.170 092
.170 641

171189
171738
172 286
172834
173 382
173929
174 477
175023
1755871
176 117

.176 664

177 210
177766
.178 302
.178 847
179 392
.179938
.180 482
.181 027
181571

182110

.182 659
.183 203
.183 747
.184 290
.184 833
.185 376
.185 918
.186 460
.187 002

.187 544

.188 086
.188 627
.189 168
.189 709
190 250
.180 790
.191 330
.191 870
192410

195 104
.195 643

11° 29 87"
11° 31' 56"
11° 33' 56"
11° 35’ 64"

11° 37 63"

11° 39' 62~
11° 41 50"
11° 43’ 49~
11° 45’ 48"
11° 47 47"
11° 49’ 46"
11° 51’ 45"
11° 563" 44"
11° 55’ 43"

110
i

12° 01" 39"
12° 03’ 38"
12° 05' 37"
12° 07’ 36"
12° 09’ 34"
12° 11 33"
12° 13" 32"
12° 15' 31"

12°17' 30"

12° 19’ 28"
120 29" 27"
12° 23’ 26"
12° 25’ 25"
12° 27' 23"
12° 29" 22"
12° 31" 21"
12° 33" 20"

12° 39’ 16~
12° 41° 14~
12° 43" 13"
12° 45" 12"
12°47° 11"
12° 49’ 09"
12° 61’ 08~
12° 63' 07"
12° 55' 05"

12° 67' 04"

12° 69’ 02"
13201 01"
13° 03’ 00"
13° 04’ 58"
13° 06’ 57"

£
L

.984 083
.983 991
983 899
.983 807

983 715

.983 622
.883 620
.983 436
.983 343
.983 249
.983 156
.983 061
.982 966
.982 872

.982 201
.982 104
.982 007
.881 910

.981 813

.981 715
.981 617
.981 518
.981 420
.981 321
.981 222
.981 122
.981 023

980420
.8980 318
.980 217
980115
980012
.879 910

.979 807

.979 704
.879 601
.979 498
.979 394
.878 290

X
L

.964 330
.964 127
.963 923
963719

9635156

.953 300
.963 103
.962 897
.962 690
.8962 483
.862 275

.960 692
.960 379
.960 165
.959 951
.959 737
.959 522

.959 306

.959 090
.958 874
.958 657
.958 439
.958 221
.958 002
9567 783
.957 563

956 232
.956 009
.955 785
.955 560
955 335
.955 109

.954 883

.954 656
.954 429
.954 201
953 973
.953 744

FM 5-233

Y
L.

.196 180
196718
.197 256
.197 793

.198 330

.198 866
.199 403
.199 939
.200 475
.201 010
.201 546

.204 753
.205 286
.205 820
.206 353
.206 886
.207 418
.207 951
.208 483

.209014

.209 546
.210077
.210 608
211139
.211 669
212199
212729
.213 259
.213788

2147247
AL XN

.214 846
.215 375
.215 903
216431
.216 959
217 486
.218013
.218 540
.219 067

.219593

220119
.220 645
221171
.221 696
222221

A-109



FM 5-233

A-110

A

13° 08’ 66"
13° 10’ 54"
13° 12' 63"

13°18' 48"
13° 20' 47"
13° 22’ 46~
13° 24’ 44~
13° 26" 43~
13° 28" 41"
13° 30 40~
13° 32" 38~
13° 34" 37"

13° 36" 35"

13° 38’ 34"
13° 40’ 32"
13°42' 31"
13° 44 29"
13° 46’ 28"
13° 48’ 26~
13° 50’ 26"
13°52' 23~
13°64' 22"

13° 56’ 20"
13° 58 18"

14°00' 17"
14°02° 15"

Table A-9. Functions of the 10-chord spiral (continued)

.879 186

.978 343
.978 236
.978 130
978023
977 915
977 808

977 700

977592
977 484
.977 375
.977 266
977 187
.977 048

.976 938
.976 828
976 718

.976 608

.976 498
.976 387
.976 276

acn g0
.JO0L O

X

L.

953514
.953 284
.953 054
.952 823

952127
.951 893
.851 660
.951 426
951191
.950 956
.950 720
.950 484

.960 247

950010
948 772
.949 633
.949 294
.949 055
948815
948 575
948 334
.948 092

.947 850

.947 608
.947 365
947 121

Y

L

222745
223270
223794

.226 933
.227 455
.227 977
.228 498
229019
.229 540
.230 061

.230 581
231102
.231 621
232141
.232 660
233179

233 698
234 216
234734

.235 252

.235 789
.236 286
.236 803

42.4°
42.5°
42.6°
42.7°
42.8°
42.9°
43.0°

43.1°
43.2°
43.3°
43.4°
43.5°
43.6°
43.7°
43.8°
43.9°

44.0°

44.1°
44.20
44.3°
44,40
44.5°
44.6°
44.7°

44.8°

AA Qo
&40

45.0°

A

14° 04 14"
14° 06’ 12”
14° 08’ 10~
14° 10° 09"
14° 12/ 07"
14° 14’ 06"

14° 16' 04"

14° 18' 02"
14° 20 01"
14° 21’ 69"
14° 23’ 57"
14° 25" 56"
14° 27° 54"
14° 29 652"
14° 31" 50"
14° 33’ 49~

14° 35 47"

14° 37° 45"
14° 39° 44~
14° 41'42"
14° 43" 40"
14° 45' 38"
14° 47' 37"
14° 49 36"
14° 51' 33"

14° B2’ 31"
L 2 S

14° 55 29"

C

L.

.976 164
.976 063
.975 941
975 829
875 716
.975 604
975 491

975378
975 264
975 151
.975 037
974923
574 BOB
974 694
974579
974 464

.974 348

974 233
974117
.974 001
973 884
573768
.973 651
973534
973416

Q74 299
R-FE A

973 181

X

L.
.946 877

.846 632
.946 387

.946 142
.945 895
.845 649
.945 402
.945 154

.944 906

.944 657
.944 408

.944 158

.943 908
.943 657
.943 405
.943 154

.942 901

.942 648
.942 395
942 141
.941 887
841832
.841 377
941 121
940 864

.940 350

Y

L.

.237 320
.237 836
.238 352
.238 868
.239 383

.239 898
240413

.240 927
.241 442
.241 956
.242 469
.242 982
.243 495
.244 008
.244 520
.245 032

.245 544

.246 055
.246 567
.247 077
.247 588

a no

.248 0S8
.248 608
.249 117

.249 627
.250 136

.250 644



FM 5-233

Table A-10. Subchord corrections (chord definition)

0
5 0
7o
LN A© CHORD = 100 FT 0.10
2 $
50F 65~ — — — . L 20
3 - == -
AR T+ __ n n
T T} 70 2.ay
3
40:’
¥ 75
I 0.30
36—
i
1
L S
1 8o =
- oy
30| z 0.40
- I
& 7
1 W z
| z Y
25—+ 85 2 a
o
4 a « 0.50
I b3 o
e o
4 5 % o
w
p ‘6 S5
20 T £
+ 5 %0 o
j z - 0.60
- Py
4% = Ss z
g s
i} < 2
S 6
15~ s -0 2
-- o E
z o 0.70
- [+ <
o [ 9
J z
o
1 e
10 = w
495 T 0.80
INSTRUCTIONS FOR USE -3 :
- (3
-i w
A STRAIGHT LINE THROUGH THE GRADUATIONS 2
1 REPRESENTING THE NOMINAL LENGTH OF CHORD a
5 — AND DEGREE OF CURVE INTERSECTS THE SCALE
1 PLUS CORRECTION FROM NOMINAL TO TRUE 0.90
i CHORD LENGTH IN FEET AT THE CORRECTION
VALUE. THEN, THE TRUE CHORD LENGTH EQUALS
+ THE NOMINAL CHORD LENGTH PLUS THE CORREC-
4 TION.
0 =100 1.00

A-111
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Table A-11. Subchord corrections (arc definition)

ARC =100 FT

0.001

0
o

O TV NPT STy
e

A

0.005

0.010

0.02

~
Q

0.03

-
w
w
[T
z 0.04
a
3 0.05
60 = e
w - (&)
s o
2 -
~ - Q
(8] - o
50 i“& 3n 3
i_ : : : %
o w
= 2
o
4 o
& 0 =
- 2
6‘0 R
:Ij : i
e |
Z
s 0.30
30 E
0.40
20 %— % 0.50
%_ INSTRUCTIONS FOR USE % 0.60
A STRAIGHT LINE THROUGH THE GRADUATIONS . 0.70
10 REPRESENTING THE ARC LENGTH OF THE DEGREE
OF CURVE INTERSECTS THE SCALE MINUS COR-
RECTION FROM ARC TO CHORD FEET AT THE 0.80
CORRECTION VALUE. THEN, THE CHORD LENGTH
EQUALS THE ARCLENGTH MINUSTHE CORRECTION. 0.90
o L. = j.00

A-112



Table A-12. Temperature conversion table

To use the table, look in the middle column for the
temperature reading you have. If the reading you have isin
degrees Centigrade, read the Fahrenheit equivalent in the
right-hand column. If the reading you haveisin degrees
Fa}hrenheit, read the Centigrade equivalent in the left-hand
column.

FORMULAS. C=5/9(F-32)or F=9/5(C + 32)

-80to 34 35t0 77 78 to 290
F c F

35 950 256 78 1724
-87 -70  -94 36 968 26.1 79 1742
-51 -60 -76 37 98.6 26.7 80 176.0
-46 -60 -58 33 38 1004 272 81 1778
-40 -40 -40 39 39 1024 278 82 1796
-34 -30  -22 44 40 1040 283 83 1814
-29 -20 -4 50 41 1058 289 84 1832

O
-
(9]

-62 -80 -112

MR =
o N

-23 -10 14 56 42 1076 294 85 185.0
178 0 32 61 43 1094 300 86 186.8
-17.2 1 338 6.7 44 111.2 306 87 188.6
-18.7 2 35.6 7.2 45 113.0 31.1 88 190.6
-16.1 3 37.4 7.8 46 1148 31.7 89 1922
156 4 392 83 47 1166 322 90 194.0
-16.0 5 41.0 8.9 48 1184 328 91 195.8
-14.4 6 42.8 9.4 49 120.2 333 92 1976
-13.9 7 446 10.0 50 1220 339 93 1994
1133 8 464 106 51 1238 344 94 2012
-12.8 9 482 111 62 1256 35.0 95 203.0
-12.2 10 50.0 11.7 63 1274 356 96 204.8
-11.7 1 518 122 54 129.2 36.1 97 206.6
111 12 536 128 S5 1310 367 98 2084

-106 13 554 133 56 1328 372 99 2102

-100 14 572 139 57 1346 378 100 2120
-84 15 5390 144 58 1364 43 110 230
-89 16 608 150 53 1382 43 120 248
-83 17 626 156 60 1400 54 130 260
-78 18 644 161 61 1418 60 140 284
72 19 66.2 167 62 1436 66 160 302
-67 20 880 172 B3 11454 7i i60 320
-6.1 21 698 178 64 1472 77 170 338
-6 22 716 183 65 149.0 82 180 356
-60 23 734 189 66 1508 88 190 374
-44 24 752 184 67 1526 93 200 392
-39 26 770 200 68 1544 99 210 410

-33 26 788 206 69 156.2 100 212 4136
-28 27 806 211 70 158.0 104 220 428
-22 28 B24 217 71 15938 110 230 446
-1.7 29 842 222 72 1616 116 240 464
-1 30 860 228 73 1634 121 250 482
-06 31 878 233 74 1652 127 260 500
00 32 896 239 75 1670 132 270 518
06 33 914 244 76 1688 138 280 536
1.1 34 932 250 77 1706 143 290 554

FM 5-233
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A-114

Meters
0

—y

1

2
3
4
5
6
7
8
9
[0}
1

2
3
4
5
6
7
8
9
(1]

2

1
2
3
4
5
8
7
8
9

I w
O WONROO pWN=O

CONOIO AWK -

Feet

3.28083
6.56167
9.84250
13.12333

16.40417
19.68500
22.96583
26.24667
29.52750

32.80833
36.08917
39.37000
42.65083
45.93167

49.21250
52.49333
55.77417
59.05500
62.33583

65.61667
68.89750
72.17822
75.45817
78.74000

82.02083
85.30167
88.58250
91.86333
95.14417

98.42600
101.70583
104.98667
108.26750
111.54833

114.82917
118.11000
121.39083
124.67167
127.95250

131.23333

134.51417
137.79500
141.07583
144.35667

147.63750
150.91833
1564.19817
167.48000
160.76083

Table A-13. Conversion of meters to feet

Meters

[+
o

O WONOM HWN =

Lo~NOO -hWN-'g WROND thds WOy, me#m

w0
[+]

GOV HWN -

Feet

164.04167
167.32250
170.60333
173.88417
177.16500

180.44583
183.72667
187.00750
190.28833
193.56917

196.85000
200.13083
203.41167
206.69250
209.97333

213.25417
216.63600
219.81583
223.08667
226.37750

229.65833
23293917
236.22000
239.50083
24278167

246.06250
249.34333
252.62417
255.90500
259.18583

262.46667
265.74750
269.02833
272.30917
275.58000

278.87083
282.15167
286.43250
288.71333
291.99417

295.27500

298.655683
301.83667
305.11750
308.39833

311.67917
314.96000
318.24083
321.52167
324.80250

Meters
100

-
vy
Q WONON PWN=-O QONOT HWN =

-
[

-
wo~NOOMm th-‘g PO PWN =

DO~ PWN = S

Feet

328.08333
331.36417
334.64500
337.92583
341.20667

344.48750
347.76833
351.04917
354.33000
357.61083

360.89167
364.17250
367.45333
370.73417
374.01500

377.29683
380.57667
383.85750
387.13833
390.41917

393.70000
396.98083
400.26167
403.64250
406.82333

410.10417
413.38500
416.66583
419.94667
423.22750

426.560833
429.78917
433.07000
436.35083
439.63167

442.91250
446.19333
449.47417
452.75500
456.03583

459.31667

462.59750
465.87833
469.15917
472.44000

475.72083
479.00167
482.28250
485.56333
488.84417

Meters
150

WONON DWN =

[ NN N waﬂg

jury
wo~NOO me-'g CO~NOO hww—b‘

-
w
(=]

OO dWN =

Feet

492.12500
495.40683
498.68667
501.96750
505.24833

508.52917
511.81000
515.09083
518.37167
521.66250

524.93333
528.21417
531.49500
634.77583
§38.06667

541.33750
544.61833
547.89917
§61.18000
564.46083

557.74167
561.02250
564.30333
567.58417
570.86600

674.14683
5§77.42667
580.70750
683.98833
587.26917

580.55000
693.83083
6597.11167
600.39250
603.67333

606.95417
610.23500
613.51583
616.79667
620.07750

623.35833

626.63917
629.92000
633.20083
636.48167

639.76250
643.04333
646.32417
649.60500
652.88583

Meters

200

DLOLODN BDWN -

21

CONOM DWN—=01

N »n
w
CONOOM hrWN=QO OO huw-g

[
&
o

OO b=

Feet

656.16667
659.44750
662.72833
666.00917
669.2900

672.57083
675.85167
679.13250
682.41333
685.69417

688.97500
692.25583
695.53667
698.81750
702.09833

705.37917
708.66000
711.94083
715.22167
718.50250

721.78333
725.06417
728.34500
731.62583
734.90667

738.18750
741.46833
744.74917
748.03000
751.31083

754.59167
757.87250
761.16333
764.43417
767.71500

770.99583
774.27667
777.55750
780.83833
784.11917

787.40000

790.68083
793.96167
797.24250
800.52333

803.80417
807.08500
810.36583
813.64667 .
816.92750



Meters

250
1

bW

o oo~nNO;

[
-]

O WEONOO AN -

(8]
~

N

[

N
©
COLOGO PpWUWN—=O CONNT HBWN=D OGONNODN H WK —

Feet

820.20833
823.48917
826.77000
830.05083
833.33167

836.61260
839.89333
843.17417
846.456500
849.73683

863.01667
858.29760
868.57833

-~ -
00400V /

866.14000

869.42083
872.70167
876.88260
879.26333
882.64417

886.82500
889.10683
892.38667
896.66760
898.94833

802.22917
906.51000

ana 1anaa

508.78083
912.07167
915.36260

918.63333
921.81417
926.19500
928.47683

931.75667

936.03750
938.31833
94159817
944.88000
948.16083

951.44167

aEA 7992EN
ION./e£oV

9658.00333
961.28417
964.56500

967.84583
971.12667
974.40750
977.68833
980.96917

Table A-13. Conversion of meters to feet {continued)

Meters

300

w
prd

WA PLOUNLDO DONRAOT AWON—=O ©ONON HWN =

w
(X3

w
1w

OO HWN-O

(oI me-‘g

Feet

984.25000
987.53083
990.81167
994.09260
997.37333

1,000.65417
1,003.93500
1,007.21583
1,010.49667
1,013.77760

1,017.06833
1,020.33917
1,023.62000

1,020.50083
1,030.18187

1,033.46260
1,036.74333
1.040.02417
1.043.30600
1,046.68583

1,049.86667
1,063.14760
1,066.42833
1,069.70817
1,062.99000

1,066.27083
1,068.66167

1 AN BAsEN
1/WJ/i4.0040V

1,076.11333
1,079.39417

1,082.67600
1,086.95683
1,089.23667
1,092.61750
1,095.79833

1.099.07917
1,012.36000
1,1056.64083
1,108.92167
1,112.20250

,115.48333
118.75417

RRE-Ni A

1
1
1,122.04500
1,125.32583
1,128.60667
1,131.88760
1,135.16833
1,138.44917
1,141.73000
1,145.01083

Meters

350

w
[*3
DONDBA BWN—-O O©OONOON bW —

37

-o

WO HWN

38

(=]

w
(7]
PRONON PWN-=0O DONON pPpWN =

Feet

1,148.29167
1,1561.567250
1,154.85333

1,168.13417
1,161.41500

1,164.69683
1,167.97667
1,171.25760
1,174.63833
1,177.81917

1,181.10000
1,184.38083
1,187.661687

4 anAmsAEA

1,180.84260

1,194,22333

1,197.60417
1,200.78600
1,204.08583
1,207.34667
1,210.62750

1.213.90833
1,217.18917
1,220.47000
1,223.76083
1,227.03167

1,230.31260
1,233.68333

4 nna aTA1T
1, 430.07%) 7/

1,240.165600
1,243.43683

1,246.71667
1,249.99750
1,263.27833
1,266.65917
1,269.84000

1,263.12083
1,266.40167
1,269.68250
1,272.96333
1,276.24417
1,279.52500

1 292 aNEa2
1,£0&.0U000

1,286.08667
1,289.36750
1,292.64833

1,295.92917
1,299.21000
1,302.49083
1,305.77167
1,309.05250

Maters

400
1

»
pry
O ONOO LbWN-0O ONOONT bW

F'S
»N

»
@
CONDODO HBWN—-2O OO PWN -

wCoNoO,m th-ig

Feet

1,312.33333
1,315.61417
1,318.89500

1,322.17583
1,325.45667

1,328.73760
1,332.01833
1,336.29917
1,338.68000
1,341.86083

1,346.14167
1,348.42260
1,361.70333

Ara Ansa

1,354.898417

1,368.26500

1,361.54683
1,364.82667
1,368.10760
1,371.38833
1,374.68017

1,377.96000
1,381.23083
1,384.61167
1,387.79250
1,391.07333

1,384.36417
1,397.63500

t AAn a1EQD
1,405 1009

1,404.19667
1,407.47750

1,410.75833
1,414.03917
1,417.32000
1,420.60083
1,423.88167

1,427.16250
1,430.44333
1,433.72417

1,440.28583
1,443.56667

1 AAR8 QAZRND
LSRR Iov

1,450.12833
1,453.40917
1,456.69000

1,459.97083
1,463.25167
1,466.53250
1.469.81333
1.473.09417

Meters

450

>
[+

F Y
~
@RI OTM PWN=O DONO ADWN=O OCONOGR W=

48

»
©
CONON HBWN-=O

CONOGN BWN O

FM

Feet

1.476.37500
1,479.65583
1,482.93667

1,486.21750
1,489.49833

1,482.77917
1,496.08000
1.499.34083
1,602.62167
1,606.80260

1,600.18333
1,612.46417
1,616.74500

Ean AnEAn
/0 18.UL000

.6
1,622.30887
b

1,625.68760
1,628.86833
1,632.14817
1,636.43000
1,638.71083

1,641.89167
1,646.27250
1,648.66333
1,661.83417
1,666.11600

1,668.39583
1,661.87667

1 ERA GETEN
1, 0UR.JU OV

1,668.23833
1,671.61917

1,674.80000
1,678.08083
1,681.36167
1,684.64260
1,687.92333

1,691.20417
1,694.48500
1,697.76583
1,601.04667
1,604.32750

1,607.60833

1 810 QQQ17

1,01V.009 1/

1,614.17000
1,617.45083
1,620.73167

1,624.01250
1,627.29333
1,630.57417
1,633.85500
1,637.13583

5-233
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Meters

500

(&)
puiy

o o1
w N
WONON PWN=0O VCONOY ARWN=O OCONOU PBWN=O OONON H WK —

o
Y
-0

WONDO dbWN

A-116

Feet

1,640.41667
1,643.69750
1,646.97833
1,6560.25917
1,663.54000

1,656.82083
1.660.10167
1,663.38260
1,666.66333
1,669.94417

1,673.22500
1.676.50583
1,679.78667

1,686.34833

1,689.62917
1,692.91000
1,696.18083
1.699.47167
1,702.75250

,706,03333
,709.31417
7

12 EQENN
AR R1-1=10 0

1,715.87583
1,719.15667

1
1
1

1,722.43750
1,725.71833
1,728.99917
1,732.28000
1,735,56083

1,738.84167
1.742.12250
1,745.40333
1,748.68417
1,7561.96500

1,755.24583
1,768.52667
1,761.80750
1,765,08833
1,768.36917

1,771.65000
1,774.93083
1,778.21167
1,781.49250
1,784.77333

1,788.05417

1 701 228NN
1,791.5935uy

1,794.61583
1,797.89667
1,801.177560

Table A-18. Conversion of meters to feet (continued)

Meters

550

WO~NOOT HWN =

56

(o]

OONDOT HWN =

57

o

WONONTL HWh =

58

o

WO~ pWN =

59

o

Wwd;mo W=

Feet

1,804.45833
1,807.73917
1,811.02000
1,814.30083
1,817.68167

1,820.86250
1,824.14333
1.827.42417
1,830.70500
1.833.98583

1,837.26667
1,840.54750
1,843.82833

1,847.10817
1,850.39000

1,853.67083
1,856.95167
1,860.23250
1.863.51333
1,866.79417

1,870.07500
1.873.35583

1 878 22887
1,970.03G0/

1,.879.91750
1,883.19833

1,886.47917
1,889.76000
1,893.04083

1,896.3216
1,899.60250

1,902.88333
1.906.16417
1,909.44500
1,912.72583
1,916.00667

1,919.28750
1,922.56833
1,925.84817
,929.13000
.932.41083

1,935.69167
1,938.97250
1,942.25333
1,945.63417
1,948.81500

1,952.09583

1 QBR 37887
1,900.9/007

1,968.65750
1,961.93833
1,965.21917

_

Meters
600

[+
-
QONOG HWN=0O OCONON HWN -

62,

=]

[~
W
OSSN AWN=-Q OCONON AWM=

WO~ ; bmm—-g

Feet

1,968.50000
1,971.78083
1,976.06167
1,978.34250
1,981.62333

1,984.90417
1.988.18500
1.991.46583
1.994.74667
1,998.02750

2,001.30833
2,004.58917
2,007.87000
2,011.15083
2,014.43167

2,017.71250
2,020.99333
2,024.27417
2,027.55500
2,030.83583

2,034.11667
2,037.39750

?NAN 872212
£,VFVU.G/003

2,043.95917
2,047.24000

2,050.52083
2,053.80167
2,057.08250
2,060.36333
2,063.64417

2,066.92500
2,070.20583
2,073.48667
2,076.76750
2,080.04833

2,083.32917
2,086.61000
2,088.89083
2,093.17167
2,096.45250

2,099.73333
2,103.01417
2,106.29500
2,109.57583
2,112.85667

116.13750
11941833

1

19.41833
22.69917
25.98000
2

2,
2,
2,
2,
2,129.26083

1
1
1

Meters

650

-2}
2]
WONOO HWN—-O OWONOIOT AWN =

67

(=]

o
[v+]
O OO~ APWN-O WCONOO HWh =

[}
©w

W~ ;Mmo; WN =

Feet

2,132.54167
2,135.82250
2,139.10333
2,142.38417
2,145.66500
2,148.94583
2,152.22667
2,155.60750
2,158.78833
2,162.06917

2,165.35000
2,168.63083
2,171.91167
2,175.18250

2,178.47333

2,181.75417
2,185.03500
2,188.31583
2,191.59667
2,194.87750

2,198.15833

2,201.43917
2204 72000

&, &5 0 LUV

2,208.00083
2,211.28167

2,214.56250
2,217.84333
2,221.12417
2,224.40500
2,227.68583
2,230.96667
2,234.24750
2,237.52833
2,240.80917
2,244.08000

2,247.37083
2,250.65167
2,253.83250
2,267.21333
2,260.49417

2,263.77500
2,267.05583
2,270.33667
2,273.61750
2,276.89833

2,280.17917
2,286.74083
2.290.02167
2,293.30250

Meters

700

~
iy
WONDO HWNNAO CONO PWN=O OCONOON HWN —

~
N

73

o

~
[(=: JE NN R ] th—‘S COdO hWN =

Feet

2,296.68333
2,299.86417
2,303.14500
2,306.42583

2,312.98750
2,316.26833
2,319.54917
2,322.83000
2,226.11083

2,329.39167
2,332.67250
2,335.95333
2,335.23417

2,342.51500

2,345.79583
2,349.07667
2,352.35750
2,355.63833
2,358.91917

2,362.20000
2,365.48083
2,388.76167

2,372.04250
2,375.32333

2,378.60417
2,381.88500
2,385.16583
2,388.446867
2,391.72750

2,395.00833
2,398.28917
2,401.57000
2,404.85083
2,408.13167

2,411.41250
2,414.69333

241707417
L 1. IiNET

2,421.25500
2,424.53583

2,427.81667
2,431.09750
2,434.37833
2,437.65917
2,440.94000

2,444.22083
2,447 R0187

2,450.78250
2,454.06333
2,457.34417



Meters

750

~
g WO HWN —

WONOO hWN—=2QO

77

o

HBWND =

~
@

CONOU PWN=0 WO~NOWO

Lo, bUN—'g

Feet

2,460.62500
2,463.90583
2,467.18667
2,470.46750
2,473.74833

2,477.02917
2,480.31000
2,483.59083
2,486.87167
2,490.15250

2,493.43333
2,496.71417
2,499.99500
2,503.27583
2,506.55667

2,509.83750
2,613.11833
2,616.39917
2,5619.68000
2,622.96083

2,526.24167
2,5629.52250
2,632.80333
2,636.08417
2,639.36500

2,542.64583
2,645.92667
2,549.20750
2,652.48833
2,655.76917

2,559.05000
2,562.33083
2,665.61167
2,668.89250
257217333

2,675.45417
2,578.73500
2,582.01583
2,585.29667
2,588.567750

2,691.85833
2,695.13917
2,598.42000
2,601.70083
2,604.98167

2,608.26250
2,611.54333
2,614.82417
2,618.10500
2,621.38583

Table A-13. Conversion of meters to feet (continued)

Meters

8

@
OCONON HWN—=0 VCONOO HWN =

82

[+]
(2]
O WONOOOT HhWN-—-0O

Hbwn =

®
Iy

WCONOO bLUN-2O OVCO~NOO

Feet

2,624.66667
2,627.94750
2,631.22833
2,634.50917
2,637.79000

2,641.07083
2,644.35167
2,647.63250
2,660.91333
2,654.19417

2,657.47500
2,660.75583
2,664.03667
2,667.31750
2,670.59833

2,673.87917
2,677.16000
2,680.44083
2,683.72167
2,687.00250

2,690.28333
2,693.56417
2,696.84500
2,700.12583
2,703.40667

2,760.68750
2,709.96833
2,713.24917
2,716.53000
2,719.81083

2,723.09167
2,726.37250
2,729.65333
2,732.93417
2,736.21500

2,739.49583
2,742.77667
2,746.05750
2,749.33833
2,752.61917

2,755.90000
2,759.18083
2,762.46167
2,765.74250
2,769.02333

2,772.30417
2,775.568500
2,778.86583
2,782,14667
2,785.42750

Meters

850

[+ -] ]
@ ~
O WwWONOO AWN=S0O VONOO wa—ig WSO HWN =

WM =

©
o

OCONOO pPWN-=O WONOOM

Feet

2,788.70833
2,791.98817
2,795.27000
2,798.55083
2,801.83167

2,805.11250
2,808.39333
2,811.67417
2,814.95500
2,818.23583

2,821.51667
2,824.79750
2,828.07833
2,831.36917
2,834.64000

2,837.92083
2,841.20167
2,844.48250
2,847.76333
2,851.04417

2,854.32500
2,857.60583
2,860.88667
2,864.16750
2,867.44833

2,870.72917
2,874.01000
2,877.29083
2,880.57167
2,883.85250

2,887.13333
2,890.41417
2,893.69500
2,896.97583
2,900.25667

2,903.563750
2,906.81833
2,910.09917
2,913.38000
2,916.66083

2,919.94167
2,923.22250
2,926.50333
2,929.78417
2,933.06500

2,936.34583
2,939.62667
2,942.90750
2,946.18833
2,949.46917

Meters

900

WoO~NNON pWN =

91

HBWN=O

w
N

PN PpWN=O OCONOO

93

o

w0
&
OCONNO HFPWN~O CONOOA AWN =

Feet

2,952.75000
2,956.03083
2,959.31167
2,962.59250
2,965.87333

2,969.15417
2,972.43500
2,975.71583
2,978.99667
2,982.27750

2,986.565833
2,988.83917
2,992.12000
2,995.40083
2,998.68167

3,001.96250
3,005.24333
3,008.52417
3,011.80500
3.015.08583

3,018.36667
3,021.64750
3,024.92833
3,028.20917
3,031.49000

3,034.77083
3,038.05167
3,041.33250
3,044.61333
3,047.89417

3,051.17500
3,054.45583
3,057.73667
3,061.01750
3,064.29833

3,067.57917
3,070.86000
3,074.14083
3,077.42167
3,080.702560

3,083.98333
3.087.26417
3,090.54500
3,093.82583
3,097.10667

3,100.38750
3,103.66833
3,106.94917
3,110.23000
3,113.51083

Meters

950

WO pWN -

8 g 2
CONOU PWN-20O OVCONON HpWN-=O

©
w0
WONOO AWN=0 WONOO AWN=0O

Feet

3,116.79167
3,120.07250
3,123.35333
3,126.63417
3,129.91500

3,133.19583
3.136.47667
3,139.75750
3,143.03833
3,146.31917

3,149.60000
3,152.88083
3,156.16167
3,159.44250
3,162.72333

3,166.00417
3,169.28500
3,172.56583
3,175.84667
3,179.12750

3,182.40833
3,185.68917
3,188.97000
3,192.25083
3,195.53167

3,198.81250
3,202.09333
3,205.37417
3,208.65500
3,211.93583

3.215.21667
3,218.49750
3,221.77833
3,225.05917
3,228.34000

3,231.62083
3,234.90167
3,238.18250
3,241.46333
3,244.74417

3,248.02500
3.251.30683
3.254.568667
3,257.86750
3,261.14833

3,264.42917
3,267.71000
3.270.99083
3,274.27167
3,277.55250

FM 5-233

A-117



FM 5-233

A-118

@
o o
-

-
O VONOOT PWN=O CONOO HDWKN -

[

w
Q WONOY PAWN-=-O ©OONOY HWN -

'Y

PO =

LoNO,m

Meters

0.0

0.30480
0.60960
0.91440
1.21920

1.52400
1.82880
2.13360
2.43840
2.74321

3.04801
3.35281
3.65761
3.96241
4.26721

4.57201
4.87681
6.18161
5.48641
5.79121

£.09601
6.40081
6.70561
7.01041
7.31521

7.62002
7.92482
8.22962
8.53442

8.83922

9.14402
9.44882
9.75362
10.06842
10.36322

10.66802
10.97282
11.27762
11.68242
11.88722

12.19202
12.49682
12.80163
13.10643

492 A1490
1341149

13.71603
14.02083
14.32563
14.63043
14.935623

Table A-14. Conversion of feet to meters

Feet Meters

WO, hQN—‘g

[=23
o

~d

®
O ©WONOM AWN=D VOO bW -—

£+
HPWOWN=O OCONNOON DWN =

LoOo~NOO

15.24003
15.54483
16.84963
16.15443
16.45923

16.76403
17.06883
17.37363
17.67844
17.98324

18.38804
18.59284
18.89764
19.20244
19.60724

19.81204
20.11684
20.42164
20.72644
21.03124

21 AA8NA
L 1.OT0VT

21.64084
21.94564
22.25044
22.565525

22.86005
23.16485
23.46965
23.77445
24.07925

24.38405
24.68885
24.99365
25.29845
25.60325

25.90805
26.21285
26.51765
26.82245
27.12725

27.43205
27.73686
28.04166
28.34646
28.65126
28.95606
29.26086
29.56566
29.87046
30.17526

Feet

8

-
WCXNdON DbWN=O OONOO wa—ls CONOGO pHWN =

-
%)

@
5]

-hwn—as PN pWN=

LoNwoOOm

Meters

30.48006
30.78486
31.08966
31.39446
31.69926

32.00406
32.30886
32.61367
32.91847
33.22327

33.52807
33.83287
34.13767
34.44247
34.74727

35.05207
35.35687
35.66167
35.96647
36.27127

36.57607
36.88087
37.18567
37.49047
37.79528

38.10008
38.40488
38.70968
39.01448
39.31928

39.62408
39.92888
40.23368
40.53848
40.84328

41.14808
41.45288
41.75768
42.06248
42.36728

42.67209
42.97689
43.28169
43.58649
43.88128
4419609
44.50089
44.80569
45.11049
4541529

Feet

-
o
o

-
~d

WO bWN-=2O VCONOO wa—lg WONON HWN =

oo~NOoO; JNQN—‘g Loy, bb)N-lg

Meters

45.72609
46.02489
46.32969
46.63449
46.93929

47.24409
47.54890
47.85370
48.15850
48.46330

48.76810
49.07290
49.37770
49.68250
49.98730

50.29210
50.59690

63.03531

53.3401
53.64491
53.94971
54.25451
54.55931

54.86411
55.16891
55.47371
55.77851
56.08331

56.38811
656.69291
56.99771
67.30251

6§7.60732

57.91212
58.21692
58.62172
58.82662
68.13132
59.43612
59.74092
60.04572
60.35052
60.65532

Feet
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N
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Meters

60.96012
61.26492
61.56972
61.87452
62.17932

62.48412
62.78893
63.09373
63.39853
63.70333

64.00813
64.31293
64.61773
64.92253
65.22733

6553213
65.83693
66.14173
66.44653
66.75133

67.05613
67.36093
67.66574
67.97054

68.27534

68.58014
68.88494
69.18974
69.49454
69.79934

70.10414
70.40894
70.71374
71.01854
71.32334

71.62814
71.93294
72.23774
72.54255
72.84735

73.15215
73.45695
73.76175
74.06655
7437135
7467615
74.98095
75.28575
75.569065
75.89535
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Meters
76.20015
76.50495
76.80975
77.11455
77.41935

77.72416
78.02896
78.33376
78.63856
78.94336
79.24816
79.55296
79.85776
80.16256
80.46736

80.77216
81.07696
B81.38176
81.68656

8199136

B2.29616
82.60097
8290577
83.21057
83.51537

83.82017
84.12497
84.42977

84.73457
85.03927

85.34417
85.64897
85.95377
86.25857
86.566337

86.86817
87.17297
87.47777

87.78258
88.08738

88.39218
88.69698
89.00178
89.30658
89.61138

89.91618
90.22098

90.52578
90.83068

SSSVST

91.13538

Table A-14. Conversion of feet to meters (continued)
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w
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w
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Meters

91.44Mm8
91.74498
92.04978
92.35458
92.65939

9296419
93.26899
93.57379
93.87859
94.18339
94.48819
94.79299
95.09779
95.40259
95.70739

96.01219
96.31699
96.62179
96.92659
97.23139

97.563620
97.84100
98.14580
98.45060
98.75540

99.06020
99.36500
99.66980

99.97460
100.27940

100.58420
100.88900
101.19380
101.49860
101.80340

TUL.T10UBLU
102.41300
102.71781
103.02261
103.32741

103.63221
103.93701
104.24181
104.54661
104.85141

105.15621
105.46101
105.76581
106.07081
106.37541
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Meters

106.68021

106.98501
107.28981

107.59462
107.89942

108.20422
108.50902
108.81382
109.11862
109.42342
109.72822
110.03302
110.33782
110.64262
110.94742

111.256222
111.65702
111.86182
112.16662
112.47142

112.77623
113.08103
113.38583
113.69063
113.99543

114.30023
114.60503
114.90983

115.214863
115.51943

116.82423
116.12903
116.43383
116.73863
117.04343

117.95784
118.26264
118.56744

118.87224
119.17704
119.48184
119.78664
120.09144

120.39624
120.70104
121.00584
121.31064
121.61544

Feet
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PWN-0O WONDO PWN~D CONOUT PDWN—=O OONON HWN —

XN Om wa-‘g oo,

Meters
121.92024

122.22504
122.52985

122.83465
123.13945

123.44425
123.74905
124.05385
124.35865
124.66345
12496825
125.27305
125.57785

126.18745

126.49225
126.79705
127.10185
127.40665
127.71146

128.01626
128.32106
128.62586
128.93066

129.23546

129.54026
129.84506
130.14986

130.45468
130.75946

131.06426
131.36906
131.67386
131.97866
132.28346

199 10707
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133.560267
133.80747

134.11227
134.41707
134.72187
136.02667
135.33147

135.63627
135.94107
136.24587
136.55067

136.85547
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Meters

137.16027
137.46507
137.76988
138.07468
138.37948

138.68428
138.98908
139.29388
139.59868
139.90348
140.20828
140.51308
140.81788
141.12268
141.42748

141.73228
142.03708
142.34188
142.64669
142.95149

143.25629
143.56109
143.86589
144.17069
144.47549

144.78029
145.08509
145.38989

145.69489
145.99949

146.30429
146.60809
146.91389
147.21869
147.562360

149.35230
149.65710
149.96190
150.26670
150.67150

150.87630
151.18110
161.48590

152.09550
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Table A-14. Conversion of feet to meters (continued)

Fast Msters Fest Maeters Fesi Meters Feet Meters Feet Meters
500 152.40030 550 167.64034 600 182.88037 650 198.12040 700 213.36043
1 152.70511 1 167.94514 1 183.18517 1 198.42520 1 213.66523
2 153.00991 2 168.24994 2 183.48997 2 188.73000 2 213.97003
3 1563.31471 3 168.55474 3 183.79477 3 199.03480 3 214.27483
4 153.61951 4 168.86954 4 184.09957 4 199.33960 4 21457963
5 153.92431 5 169.16434 5 184.40437 5 199.64440 5 214.88443
6 154.22911 6 169.46914 6 184.70917 6 199.94920 6 215.18923
7 1564.563391 7 169.77394 7 186.01397 7 200.25400 7 215.49403
8 154.83871 8 170.07874 8 186.31877 8 200.55880 8 215.79883
9 155.14351 9 170.38354 9 186.62357 9 200.86360 9 216.10363
510 155.44831 560 170.68834 610 186.92837 660 201.16840 710 216.40843
1 155.75311 ] 170.99314 1 186.23317 1 201.47320 1 216.71323
2 156.05791 2 171.29794 2 186.63797 2 201.77800 2 217.01803
3 156.36271 3 171.60274 3 186.84277 3 202.08280 3 217.32283
4 166.66751 4 171.907564 4 187.14757 4 202.38760 4 217.62764
5 156.97231 5 172.21234 5 187.45237 5 202.69241 5 217.93244
6 157.27711 6 172.61715 6 187.75718 6 202.99721 6 218.23724
7 167.568192 7 172.82195 7 188.06198 7 203.30201 7 218.54204
8 157.88672 8 173.12675 8 188.36678 8 203.60681 8 218.84684
9 158.19162 9 173.43155 9 188.67158 9 203.91161 9 219.15164
520 158.49632 570 173.73635 620 188.97638 670 204.21641 720 219.45644
1 158.80112 1 174.04115 1 189.28118 1 204.52121 1 219.76124
2 159.10592 2 174.34595 2 189.568598 2 204.82601 2 220.06604
3 159.41072 3 174.65075 3 189.89078 3 205.13081 3 220.37084
4 159.71652 4 174.95555 4 190.19558 4 205.43561 4 220.67564
5 160.02032 5 175.26035 5 190.50038 5 205.74041 5 220.98044
6 160.32512 6 175.56515 6 190.80518 6 206.04521 6 221.28624
7 160.62992 7 175.86995 7 191.10998 7 206.35001 7 221.58004
8 160.93472 8 176.17475 8 191.41478 8 206.65481 8 221.89484
9 161.23952 9 176.47955 9 191.71958 9 206.95961 9 222.19964
630 161.564432 6580 176.78435 630 192.02438 680 207.26441 730 222.50445
! 161.84012 1 177.08815 1 182.32818 1 207.56822 1 222.80825
2 162.15392 2 177.39395 2 192.63399 2 207.87402 2 223.11405
3 162.45872 3 177.69876 3 192.93879 3 208.17882 3 223.41885
4 162.763563 4 178.00356 4 193.24359 4 208.48362 4 223.72365
5 163.06833 5 178.30836 5 193.54839% 5 208.78842 5 224.02845
6 163.37313 6 178.61316 6 193.85319 6 209.09322 6 224.33325
7 183.67793 7 178.91796 7 184.15798 7 208.39802 7 224.63805
8 163.98273 8 179.22276 8 194.46279 8 209.70282 8 224.94285
9 164.28753 9 179.62756 9 194.76759 9 210.00762 9 225.24765
540 164.59233 590 179.83236 640 195.07239 690 210.31242 740 225.55245
1 164.89713 1 180.13716 1 196.37719 1 210.61722 1 225.85725
2 166.20193 2 180.44196 2 195.68199 2 210.92202 2 226.16205
3 165.50673 3 180.74676 3 185.98679 3 211.22682 3 226.46685
4 165.81153 4 181.05156 4 196.29159 4 21153162 4 226.77165
5 166.11633 5 181.35636 5 196.59639 5 211.83642 5 227.07645
6 166.42113 6 181.66116 6 196.90119 6 212.14122 6 227.38125
7 166.72593 7 181.96596 7 197.20599 7 212.44602 7 227.68606
8 167.03073 8 182.27076 8 197.61080 8 212.75083 8 227.99086
9 167.33553 9 182.67557 9 197.81560 9 213.05563 9 228.29566
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228.60046
228.90526
229.21006
229.51486
229.81966

230.12446
230.42926
230.73406
231.03886
231.34366

231.64846
231.95326
232.25806
232.56287
232.86767

233.17247
233.47727
233.78207
234.08687
234.39167
234.69647
235.00127
235.30607
235.61087
235.91567

236.22047
236.52527
236.83007
237.13487
247.43967

237.74448
238.04928
238.35408
238.65888
238.96368

23926848
23957328
239.87808

240.18288
240.48768

240.79248
241.09728
241.40208
241.70688
242.01168
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243.53569
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Table A-14. Conuversion of feet to meters (continued)

243.84049
24414529
244 .45009
244.75489
245.95969

245.36449
245.66929
245.97409
246.27889
246.58369

246.88849
247.19329
247.49809
247.80290
248.10770

248.41250
248.71730
248.02210
249.32690
249.63170
249.93650
250.24130
250.54610
250.85090
251.16570

251.46050
251.76530
252.07010
252.37490
252.67971

252.98451
253.28931
25369411
253.89891
254.20371

264 50851
254.81331
256.11811
256.42291
265.72771

2656.03261
256.33731
256.64211
256.94691
257.25171

267.565652
257.86132
258.16612
248.47092
2568.77672
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269.080562
269.38632
259.69012
259.99492
260.29972

260.60452
260.90932
261.21412
261.51892
261.82372

262.12852
262.43332
262.73813
263.04293
263.34773

263.65253
263.95733
264.26213
264.56693
264.87173
265.17653
265.48133
265.78613
266.09092
266.39573

266.70053
267.00633
267.31013
267.61494
267.91974

268.22454
268.52934
268.83414
269.13894
269.44374

289.74884
270.05334
270.35814
270.66294
270.96774

271.27264
271.57734
271.88214
272.18694
272.49174

272.796565
273.10135
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273.71086
274.01675
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274.320565
274.62535
274.93015
275.23495
275.63975

275.84455
276.14935
276.45415
276.75895
277.06375

277.36855
277.67336
277.97816
278.28296
278.58776

278.89256
279.19736
279.502186
279.80696
280.11176
280.41656
280.72136
281.02616
281.33096
281.63576

281.94056
282.24536
282.55017
282.85497
283.15977

283.46457
283.76937
284.07417
284.37897
284.68377

284 98887
285.29337
285.59817
285.90297
286.20777
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286.81737
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287.73178
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288.34138
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288.95098
289.25578
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Maters

289.560568
289.86538
290.17018
290.47498
280.77978

291.98458
291.38938
291.69418
291.99898
292.30378

292.60859
29291339
293.21819
29362299
293.82779

294.13259
294.43739
29474219
295.04699
295.35179
295.65659
295.96139
296.26619
296.57099
296.87579

297.18059
297.48539
297.79020
298.09500
298.39980

298.70460
299.00940
299.31420
299.61800
299.92380

300.22860
300.53340
300.83820

301.14300
301.44780

301.75260
302.05740
302.36220
302.66701
302.97181

303.27661
303.58141
303.88621
304.19101
304.49581
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APPENDIX B
SAMPLE NOTES
(CONSTRUCTION SURVEY)
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Page
B-1. Mailinglabel ........ ... ... . B-2
B-2. Frontpageofnotebook.................... ... ... ... ... B-3
B-3. Index.......... . . B-4
B-4. Differentiaileveling ...............cc0 i, B-5
B-5. Horizontal'taping............... . ... . i B-6
B-6. Station angletraverse ............... .. ... i B-7
B-7.  Station angle with horizon closure........................ B-8
B-8. Deflection angletraverse................................. B9
B-9. Transit-stadiasurvey ...........c.oiiiiiiiiiiiiin.. B-10
B-11. Profile and cross-sectionleveling ......................... B-12
B-12. Slopestakes ........ ..o B-13
B-13. Horizontal curvelayout ............ ... ... ... ... ... ... B-14
B-14. Baildinglayout...... ... . .. .. B-15
B-15. Sewerline ...... ... ... i e B-16
B-16. Height of an accessiblepoint .............. ... ... ... .. B-17
B-17. Elevation/distance to an inaccessible point............... B-18

INTRODUCTION

Keeping good notes is not only an art, it is a science as well. Notes must not
only belegible, but also correct and meaningful. Y ou must decide, before you
go Into the field, how you want to run your survey and how to record your
observations. You must also decide which information you must record in
order to make your notes meaningful. Keep in mind that extraneous entries
in your notes can do just as much harm as omission of pertinent data. Before
making any entry in your notebook, make certain that the entry, sketch, or
remark is necessary and wil contribute to the completeness of the notes. On
the following pages are samples of notes which the construction surveyor
ma?; be required to keeE. They are only samples of how they may be kept, not
of how they must be kept. When assigned to a unit in the field, you will
determine what to record and how to do it. Most of the time, the chief of the
party will prescribe how notes on the pro*'ect are to be kept. Above dl, decide
on your notekeeping procedures and format before you go out on your
survey. Your headings, members of party, instrument identification, and
weatherman all be entered before you leave for the field.

B-1
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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-I).

EN AND FEES PAID
DEPARTMENT OF THE ARMY D:gi‘R'?aEENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS DOD-314
WASHINGTON, D.C. 20M5

OFFICIAL BUSINESS

PENALTY FOR PRIVATE USE, $300

SPE JOHN ) DOE

L) 2985 Fus. O (CONST)

FORT BELVDIR, VA. 22060-529/

POSTAGE AND FEES PAID
DEPARTMENT OF THE ARMY DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS DOD-314

ENGINEER COD=314

WASHINGTON, D.C. 203135

QOFFICIAL BUSINESS

CIAL BUSINESS

PENALTY FOR PRIVATE USE, $300

(=4 o(Co
ATTA,. §=-Z
LI L [ iN 2 L Pl
A 22 ~-52
Figure B-1. Mailing label
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The front page isto befilled out as required by the unit (figure B-2).

DEPARTMENT OF THE ARMY

CORPS OF ENGINEERS

LEVEL, TRANSIT, AND GENERAL SURVEY
RECORD BOOK

FORT BELVO/R, VA.

LOCALITY
GLDG £ ROAD LAYOUT, NORTH POST
PROJECT
ook 2 or 4
L el B Y PV Ve VAN & af =5 AL M b 2l A
THEQDOLITE WiHID T/6
INSTRUMENT

SFC W.d BROWN

CHIEF OF PARTY

IMPORTANT

On the oppoasite page, print the address to which this
book is to be returned, if lost.

Figure B-2. Front page of notebook
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SURVEY NOTES

The backsight (BS) and foresight (FS) distances are determined by stadia
and should be balanced. A page check (PC) is made (figure B-3) for each
page. REMEMBER: Page checks only check the accuracy of your
mathematics, not the accuracy of the survey.

INDEX
DESIGNATION DATE 19
PRGE /?ggJTgCT DATE e =@@N
2 DiAF LBVELIAG =15 CIAM MUNE 1T TANEY NoRTH\PosT | FI BELVOR  \(#
3 0BIZ TRAP NG|~ " u 5 “« u d
4 SsTA A 7IRAY —i "w 7 " qm ” t u " 14
5  ISTAA WieoR/z ClosyeE-TRAVTZ | ¢ 7 SouTH PO3T “ " i
é6 Des X oy — 7RAY /2-A 297y 8¢ Ll .l AL ‘
7 \resn STADIA - IZNK RoA 24 JTAVGY S4-A AREA “ “ !
8 \PIANETAPLE NIRP-REEA K v v AReg- & "o ¢
9 \PLOFLE AX~SEC-TAs(oY AVE EXT'D |25 THNEY MoerH PosT v ’
.’12 SAOPE STAKE S- 7 14 ‘7 ook 4 4 ” 4 z
/| okrz CherE —~TONES £OAD 2670184 " ” v ‘
/2 \BEDG LAYDUT=Bidl T-3855  27TAREY 4 o v i
/3 \SEwer L/nE -BUpG T-85  BoTrnBY " o v__n /
/4 HT oF ACCESSASLE PT. BAGPOLE |3 TANGY SovrH B v 4
__ /5 |Gk /oS mecc s ABLE AT-wT | " n_ | v ‘

Figure B-3. Index




The error of closure (EC) is equa to the computed elevation minus the
starting or fixed elevation. For total correction (TC), change the sign of the
EC. The dlowable error (AE) maybe given in the project specifications. The
following formulas can be used when the BS and FS distances are balanced
as near as possible.

For normal construction work — AE = + 0.1 ft milesor + 24mm kilometers

Third order (figure B-4) — AE =+ 0.05 ft milesor + 12mm kilometers

Elevations for fixed points are adjusted by dividing the TC by the total
distance and multiplying the result by the distance from the beginnin
station to the station being adjusted. This value is then agebraicaly add
to the station’s computed elevation.
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DIFFERENTIAL LEVELIN G A BonE wsT. K4E Dumey
15T CSH MAMT BLDG WU meGumwess NO:- 5354
DESIGNATION oate L7 TAKN 1984 PNELSON
D37 GoRZ TADJ
ST _|B5¢) | Hr |ere) |eusv \Bs/Fs + /- |Egy Zjé‘gggk%=
Bmi | 4.7/ 100.00° | 75 0.00 /0090’
(ORT/ *42.73 /00.03
71 |&.03 = O0.79 (/03.92 /16 70 -42.70 -|lroo.00
22. 95 Ho.03 +0.05
BAZ /2.0 3.8 yoi.27\9¢4 (0 0.00 |/0¢.27 4
/8.33 L1 »c
7P2 2.20 F4¢  /3.8¢ 2eo 2
. .0¥ EC= |+0.03
7P 3 /.43 T /2 [[08.92 s 292 7C= |-0.03
//0.35
7am3__|5.05 /0-37 99.98 23 /¢c -0.02 |97.9 AE = fao:r]/ﬂmf.s
/0503
774 [3.44 2.97 (s02.0¢/w 25 e
AT
/ AE-0% s28d
I8Mm4 |3.84 3./6 |/02.525¢ (/2 -0.02 /02.50
04 .38 AE=2p o3
7S5 | 3.75 5.49 /00.87 |203 (52
.64
Bmi 4. 00.03 204 -0.02 /00.00
42 7.7 -4z.70 249/2Y 7
4L DA = LLP/
|

Figure B-4. Differential leveling
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This set of horizontal taping notes (figure B-5) shows the proper way to
record distances between points. The lines are taped in both the forward
gF\ND) and backward (BKWD) direction. The difference between the
orward and backward total distances equals the error of closure (EC). The
alowable error (AE) is computed by dividing the mean distance (MEAN) by
5,000. Do not round the AE up. This AE will give an a(:curac:¥1 ratioof 1in
5,000 or third order accuracy. The AE must equal or exceed the EC for the
taping to be acceptable.

HoriZoNT AL TAPING [ LYman
/sTH CSH MAINT BLOG HT _GUESS INST: /00 JTE6L TAAE
DESIGNATION oare L7 TR +1e8% PAWLINGS TEMSton . 20 LBS
278 |Ewn [Acwo ey AE
BFA2 [ /68 46 |/88. 00 £C=0.04 | LERTHER | FAIR
/00.40 |100-09 1£20.07 Wino: N /0
__ too-00|/p0.00 TEMP 25°F
é5. 45.27
78Mm2z [3L5.3) 3L5.27)365.290 P
& ]
IMB2 |/00.00 |100. 00 £=0./4 n:l“"m '7'6’73 ';‘
[040.00 [[JY-C0 rﬂ‘—'ﬂ[l [ Pl i ‘r
[08-9¢ |j00-00 78 ¥+ 1
10080 10800 o ’
20-49 14.-090 i
[08-90 /94 0¢ ’“
[80.00 |/06.00 !r
[80.00 | /49-do RS
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The station angles in figure B-6 were first measured with the instrument’s
telescope in the direct (D) position. The angle isthen doubled by measuring
it again with the telescope in the reverse (R) position. The mean angle
(MEAN) isfound by dividing the R value b¥ 2. The mean ang!e must be
within = 30 seconds of the D value. The total of the mean angles should equal
N-2(180 degrees); N is the number of station angles within the loop traverse.
When using a one-minute instrument, an error of + 30 seconds per station
angle is acceptable. The distances recorded were obtained by a separate

survey and copied here for completeness.
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Figure B-6. Station angle traverse
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The station angle in figure B-7 was measured as described on the preceding
%agﬁ. The explement angle is smilarly measured and meaned, thus closing
the horizon.

Note: When the explement angle was measured in direct (D), its value
exceeded 180 degrees. To compute the MEAN first, add 360 degrees to the
reverse (R) value and divide the result by 2.

Any mean angle must be within + 30 seconds of its D vaue. The tota of both
MEAN angles for a station must be within + 30 seconds of 360 degreesto be
acceptable.
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Figure B-7. Station angle with horizon closure
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Figure B-8 shows deflection angles. When the direct (D) value for direction

exceeds 180 degrees—

» The deflection angle is computed by subtracting the D value from 360
|olegrefs. The difference is aleft deflection angle and is preceded by the
etter L.

* The mean deflection angle is computed by subtracting the reverse (R)
vaue from 360 degrees and dividing the difference by 2. The mean
deflection angle is also preceded by the letter L.

When the direct (D) value for direction is less than 180 degrees—
 Thedeflection angle isthe same asthe D value and is preceded by the R
for right deflection angle.
» The mean deflection angle is computed by dividing the reverse (R) value
by 2. The mean deflection ang8lg is also preceded bc)( the letter R.

Deflection angles never exceed 1

degrees. Any mean

eflection angle

must be with £30 seconds of its D value. The distances (DIST) were
obtained from a separate survey.
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The rod intercept (RI) is the difference between the top and bottom stadia
crosshairs. The rod correction (RC) is the value of the center crosshair rod
reading. Figure B-9 shows notes for Rl and RC.

Product (PROD) is determined by multiplying the RI by the differencein
elevation value extracted from table A-2|using the vertical angle as the
argument. For level shots, the PROD is zero. The PROD can aso be
computed using the formula: PROD = (RI x 100) %2 Sin 2 Vertical Angle. The
PROD has the opposite sign of the vertical angle when backlighting and
the same sign when foresighting. Difference in elevation (DE) is determined
by algebraically adding the RC to the PROD. Height of instrument is
determined by making alevel backsight to a point and adding the RC to the
point’s known elevation or by determining the vertical angle and the RC,
computing the PROD and the DE, then aI%ebrai caly adding the DE to the
known elevation. Zenith distance (ZD) is the angular value between zenith
and the RC. Vertica angle (VERT ANGLE) isthe angular value between a
level line of sight and the RC._Its value and sign are determined by
subtractin? 270 degrees from the ZD. Horizontal angle (HORIZ ANGLE) is
the anglefrom a beg| nning reference point to the observed point. Horizontal
distance (DIST) is determined for level shots by multiplying the RI by 100.
For inclined shots, multiply the RI times the horizontal distance value from
using the vertical angle asthe argument. The DIST can also be
computed using the formula: Horizontal Distance = (RI x 100) Cos Vertical
Angle. ELEV isthe elevation of the station. When not given, it is
determined by algebraically adding the DE to the HI. Remarks (RMKYS) is
used to give a brief description of the occupied or observed station.
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Figure B-9. Transit-stadia survey
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Correct horizontal distance (CORR H DIST) is determined by multiplying
the H SCALE by the RI (figure B-10).

Horizontal scale (H SCALE) is read directly on the alidade. Rod intercept
(RI) is the difference between the top and bottom crosshairs.

Vertical scale (V SCALE) isread directly on the alidade.

Product (PROD ) is determined by subtracting 50 from the V-SCALE
reading and multiplying the result by the RI. _ _

Rod correction (RC) is the value of the center crosshair rod reading.
TheRC is alwgfs negative when fores ghtg(]jg.

Difference in elevation (DE) is determined by algebraically adding the
(PROD %) to the RC. . .

Height of instrument (HI) can be determined by measuring the DE above
the occupied station or by making a level backsight to station of known
elevation. The RC is positive when backlighting. _ o
Elevation (ELEV) isthe elevation of the station. When not given, it is
determined by algebraically adding the DE to the HI. _
Remarks (RMKY) is used to give a brief description of the occupied or
observed station.
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Figure B-10. Plane table
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Profile and cross-sectional level notes (figure B-11) are best recorded from
the bottom of the page up. This method will aign the direction of the survey

with the notes. The right page shows the elevations of ground shots and
their distance from the road centerline.

Ground Elevation 134.7
Rod Reading _35
Distance from Centerline 50

The ground elevation is determined by subtracting the rod reading from the
HI. The distance from the centerline is measured with a tape.
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Figure B-11. Profile and cross-section leveling
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Slope stake notes (figure B-12) are best recorded from the bottom of the page
up. This method aligns the direction of the survey with the notes. Grade
elevations are normally given in the construction drawings. The grade rod
values are determined by subtracting the grade elevation from the HI. The
three-part entries on the right page show the amount of cut (C) or fill (F), the
ground rod reading, and the distance of the dope stake from the road
enterline. A detailed method of setting siope stakes can be found in[chapter]
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Figure B-12. Slope stakes
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The right deflection angles (R DEFL) (figure B-13) were extracted from the
curve computations (chapter 3). When aroad curves to the left, the left
deflection angles (L D are determined by subtracting the R DEFL from
360 degrees. The R DEFL are used to “back-in" aleft curve from the point of
tangency (PT). When a curve is to the right, the L DEFL need not be
computed.
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Figure B-13. Horizonial curve layoui
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The building corner numbers in the sketch must agree with the corner
numbers on the |eft page. In this example, (figure B-14?1_the building
foundation is required to be 1.5 feet above the ground at the highest corner.
The batter board elevation (BATTER ELEV) Is determined by adding 1.5
feet to the ground elevation (ELEV) of the highest corner. The difference
between the BATTER ELEV and the HI equals the grade rod. When a batter

board elevation is given, the ground shots are not necessary. The grade rod
equals the HI minus the given batter board elevation.
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Figure B-14. Building layout

B-15



FM 5-233

The stationsin figure B-15 were foresighted on top of their offset stakes. The
invert elevations (INVERT ELEV) were computed using the manhole

(M.H.) invert elevation at 0+00 and the percent of the slope. The elevation
(ELEV) of astation minusthe INVERT ELEV equals the amount of CUT at

the offset station. The CUT is rounded down to the nearest whole or half foot

for the adjusted cut (ADJ CUTJ. The ADJ CUT assists the construction crew

when digging the ditch. The difference between the CUT and ADJ CUT is
the distance measured down and marked on the offset stakes. The ADJ

CUT value and the offset distance (OFFSET DIST) is also marked on the

offset stakes facing the sewer li station values are marked on the

opposite side (figure B-16 and|figure B-171 on page B-18).
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Figure B-15. Sewer line
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Figure B-16. Height of an accessible point
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Figure B-17. Elevation/distance to an inaccessible point
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