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PREFACE

Tuis book was written primarily for the use of students in
Railroad Surveying, and is practically p summary of the notes
used by the authors in their classes for'a number of years.

The aim throughout has been to present the essentials of the
subject in simple, concise form and to give modern practical
methods only. To this end detailed mathematical solutions
are omitted, obsolete methods abandoned, and only the more
common problems outlined; consequently the subject-matter
occupies considerably less space than the ordinary hand-book,
but at the same time covers all phases of the subject thoroughly.

From the standpoint of the instructor, some of the essential
characteristics of the book are:

(1) A co-ordination of the entire subject, indicating the general
order and the solution of the various steps in the work.

(2) The explanation of reasons for or conditions under Whl(h
the various problems arise.

(3) The assumption of a knowledge of elementary surveying
and plane trigonometry on the part of the reader.

(4) The consequent omission of detailed mathematics. Out-
lined solutions only are given, and hence the studgnt must follow
the solution of a problem through step by step instead of sub-
stituting blindly in some formula which has the appearance of
being suitable. The student is therefore more thoroughly
trained in the plan of attack, and consequently can more readily
handle the multitude of problems which he can not find “all
worked out” in this or any other book.

Although designed as a book for student use, it is believed that
it will appeal to the practicing engineer as well, and the latter’s
attention is respectfully called to the following features:

(1) The simplified curve nomenclature as recommended by the
American Railway Engineering Association has been adopted.

(2) The “Spiral’” has been co-ordinated with the circular curve,
where it properly belongs under modern railroad practice. It
will be noted that the spiral here given is of a general form and is
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v PREFACE

equally applicable with chords of any desired length as a so-
called ““Six-chord” or “Ten-chord” spiral.

(3) “Turnouts” are presented in practical form as actually
used on steam roads in America, t.e., with straight frogs and
switches.

Acknowledgment is hereby made of the courtesy of Prof.
J. C. Nagle in permitting the use of Tables 5, 6, 8, and 9, which
are taken from his “Field Manual for Railroad Engineers’’; to
Professor Carhart, for Table 7, which is taken from his “Field
Book for Civil Engineers’; and to Prof. Walter Loring Webb,
for Tables 9 and 10 from his work on ‘Railroad Construction,”
which appear as Tables 10 and 11 in this volume.

GEORGE WELLINGTON PICKELS,
CarroLL CarsoN WILEY.

University of Illinois, Urbana, Ill., August, 1913.
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TEXT BOOK ON
RAILROAD SURVEYING

CHAPTER I

RAILROAD SURVEYS

TeE practice in railroad location surveys in one part of
the United States is entirely different from that in another part,
go that rules which will apply in one locality will not apply at
all in others. All country can be broadly classed in three
divisions: (1) level prairie country offering no obstacles in the
~ way of hills, valleys, etc., and allowing the locating engineer
much latitude in the placing of his line, and consequently re-
ducing distance and curvature to a minimum; (2) rolling, hilly
country through which several lines are possible, none of them
departing to any great extent from the direct line between
controlling points; and (3) mountainous country, which taxes
the skill and ingenuity of the locating engineer to the utmost.

Reconnoissance Surveys

1. The terminals and intermediate points connected by a
railroad are determined by its promoters with a view to the
amount of traffic that can be expected from them. The nature
and the amount of the traffic and the direction of heaviest haul
determine the maximum gradients and curvature advisable.
The first thing to be determined by the locating engineer is the
directions of the lines joining controlling points. This informa-
tion can usually be obtained with sufficient accuracy from a
map ‘of the territory which it is generally possible to obtain.
The topographic maps published by the government are the
best.

2. A reconnoissance is then made of the strio.of country
through which the road is to pass, as the result of which some-of
= 1



2 TEXT BOOK ON RAILROAD SURVEYING

the routes are eliminated as impractical and one or more chosen
for a more detailed survey.

3. If the country is of the first class, no reconnoissance is
necessary and the survey is in the nature of a preliminary.

4. For country of the second class, the reconnoissance should
be made across-country on horseback, following the direction
of the line determined from the map. If in following the direct
line between controlling points obstacles are met with which
can not be surmounted, such as high hills, the engineer should
explore on both sides of the obstacle and decide if possible which
route offers the least resistance. Before deflecting from a straight
line, the engineer must be sure that his reasons for so doing are
justified from an economic standpoint. In country of the
second class it is seldom that grades cause much trouble, and the
main lookout of the engineer is to keep the amount of curvature
as low as possible. The result of the reconnoissance through
country of the second class is that one or more routes are selected
for a more detailed survey.

5. It is in mountainous country—third class—that all the
skill of the engineer is brought into play. The drainage of the
country should be carefully studied, as it plays a very important
part in the location of a railroad. If the controlling points are
in the same valley, the main problem is solved; and the con-
forming of the alinement to the topography is merely a matter of
detail. But when the controlling points are in different valleys,
the ridges between them have to be crossed, and the principal
object of the reconnoissance is to discover the most favorable
crossing places in the valleys and on the ridges. The saddles
in the ridges and the most favorable river crossings become
secondary controlling points. The location of all such points
is platted on the map, and their elevations and distances apart
are recorded. The most important and useful “instruments
used on reconnoissance are the judgment and experience of the
locating engineer, as upon these depend the amount and cost
of more detailed surveys and the cost of construction and of
operation.
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Preliminary Surveys

6. In country of the first class, a preliminary line is run for
direction. The magnetic bearing of the direct line between
controlling points is scaled off the map, and a line having this
direction is initiated from the first controlling point and pro-
duced to the second: controlling point. Since the direction of
the line as obtained from the map and this direction as laid off
in the field are subject to considerable error, the first line run
will probably pass to one side of the second controlling point.
The distance by which the transit line misses its mark is noted
and the correction that must be applied to the first line is com-
puted. The next line run will be the location.

In running the preliminary line stakes should be placed only at
. transit points. A straight line is the most difficult one to run,
and particular care must be taken to avoid errors. It must be
remembered that the preliminary is a reference line, and if it
is not straight the purpose for which it is run is defeated. The
distances between hubs can be determined with sufficient
accuracy by means of the stadia.

7. In country of the second class, preliminary lines are run
over each of the routes chosen by the locating engineer on the
reconnoissance survey. The data taken are such that the
several routes can be compared with respect to distance, grades,
and curvature. Usually lines run with the transit and stadia
will give sufficient data as regards distance and curvature;
and the elevations of enough commanding points can be taken
with the stadia to indicate the grades that will be required by
the several routes. From these data one of the routes will
usually appear superior to the others, and what is generally
known as a preliminary survey is then made over the selected
route. A preliminary survey as generally understood is a
topographic survey of a narrow strip of country within which the
road must pass. The purpose of this survey is to secure data
from which a topographic map can be platted upon which the
paper location is projected. The transit and stadia line already
run over the chosen route is used as the base line from which
the topography is taken. Although this line is usually measured
with the tape, time used for this purpose is wasted, as it is
impossible to plat the traverse distances to a consistent degree
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of accuracy. Spirit levels are then run over the line to determine
the elevations of the transit points, and bench marks are es-
tablished at half-mile intervals.

8. In country of the third class, several preliminary lines are
required, each following one of the routes chosen by the locating
engineer. The approximate grades of the lines between secondary
controlling points are obtained from the data taken on the re-
connoissance survey, and the preliminary line should be chosen
so that the grade line so determined will conform as nearly as
possible to the surface of the ground. If this is done, topography
will not have to be taken as far on each side of the line as would
otherwise be necessary. In mountainous country topography
can be taken more accurately with the hand level than with the
stadia, and line stakes are placed every 100 feet and their eleva-
tions determined by spirit leveling so that this can be done.
In other respects the methods of surveying in mountainous coun-
try are the same as those used in country of the second class.

Location Survey

9. On location the line is run very carefully, stakes are driven
every 100 feet, the plusses and angles of all property lines are
taken, and curves are run in where indicated on the map. The
distances from intersections with property lines to the nearest
government section monument, or other legal monument, are
carefully chained, so that accurate descriptions of the right of
way can be drawn up. All buildings near the line which will be
damaged by it must be located and an estimate of the damage
be made. A level party follows the transit party taking profile
levels and establishing bench marks unless previously established.
From these data alinement maps, right of way maps, and pro-
files are made; and after the grade line is established on the
profile, construction can begin.

Construction Surveys

10. Reference stakes. After the location has been made and
accepted, and just before construction begins, the beginning and
end of all curves and intermediate points on long tangents are
“tied-in ” by reference stakes so that after the construction
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wotk is completed these points can be re-located in their correct
positions. There are several methods of referencing a point;
the one shown in Fig. 1 is very satisfactory. A is the point
to be referenced. First choose permanent points at C and E
at least 300 feet from A, making the angle CAE as nearly a
right angle as possible. A distant windmill or house-chimney
makes an ideal point. If these are not to be had, a nail

Fig. 1.

driven into the trunk of a tree about five feet from the ground
is good. If hubs are used they should be made as permanent
as possible, and located so that they will not be disturbed. Af-
ter C and E have been determined, set a hub at point B on the
line AC, and another one at D on the line AE. B and D should
be placed far enough from the center line of the road so that
they will not be disturbed during construction. Point A is re-
located after construction by the intersection of the lines CB
and ED, the transit being set-up at Band D. Care and judg-
ment should be used in locating reference points, as they
should be used after the roadbed has settled for locating per-
manent monuments.

11. Slope stakes are then set at each station on each side of
the center line at the points where the side slopes of the cut or
fill will intersect the ground surface. These stakes are for the
guidance of the contractor, and have marked on them the
vertical distance from the ground at the stake to the level of the
roadbed. (For method of setting slope stakes, see paragraph 100.)
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12. Distribution stakes are set to show the contractor the
desired movement of the earth from the cuts into the fills. (See
paragraph 108.)

13. Borrow-pit stakes are set to indicate to the contractor the
limits within which he may borrow earth for making the fills.

14. The location of culverts and trestles must also be
staked out. If possible, these should be constructed in
advance of the grading so that openings will not have to be
left in the fill to be completed later.

15. The time to set stakes is just before they are needed. If
they are set too long a time ahead, some of them will invariably
be knocked out and will require re-setting.

16. Monthly estimate surveys. During the last few days of
every month surveys are made to determine the amount of earth
moved by the contractor during the month, so that he can be
paid.

17. Finishing stakes. From the slope stakes the contractor
can construct the roadbed to within a few inches of the correct
grade. At this stage of the work it is customary to give finishing
stakes, which are stakes driven to grade at the edges of the
roadbed at each station. From these the contractor is able to
finish the roadbed to the correct grade and width.

18. Center stakes. After the earthwork is completed, the
important points on the center line are re-located from the
reference stakes, and center stakes (usually untacked) are driven
from which the track is laid.

19. Grade stakes. After the track is laid, grade stakes are
driven at every station and at those points where the grade
changes with their tops to the grade of the final top or base or
rail. Grade stakes are placed on the inside of curves.

- 20. Right of way stakes. The right of way fences are usually
built as soon as the materials for construction can be hauled
over the line. For the guidance of the fence foreman, stakes are
placed on each right of way line (1) opposite the beginning and
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end of all curves, (2) opposite each station on curves, (3) from
300 to 500 feet apart on tangents, and (4) at all jogs in the right
of way. These stakes should be long enough to be seen above
the weeds, wheat, oats, etc. Laths are excellent for this
purpose.

21. Special surveys. After the track is laid, special structures,
. such as station buildings, water tanks, cattle pens, etc., will
require staking out. In addition, the parts of the right of way
leased to coal, lumber, and grain companies must be staked.

_ Maintenance Surveys

22. Due to the fact that it takes two or three years for the
roadbed to settle and for the track to become thoroughly em-
bedded in the ballast, it will be necessary to re-set center and grade
stakes frequently during this period. All center stakes which
are set after the track is laid should be tacked.

23. Monumenting. After the track and roadbed have settled
thoroughly, permanent monuments should be placed at the
beginning and end of all spirals and circular curves, between
the branches of compound curves, and at intermediate points on
long tangents.

24. Additional tracks, such as side tracks, business tracks,
‘branch-line tracks, yard tracks of various kinds, cross-overs,
ete., are required to be staked out from time to time. There is
no end to surveys of this kind, and all the large railroads employ
maintenance parties who do nothing else.

Organization of Parties

The field corps is usually divided into (1) a transit party,
(2) a level party, (3) a topography party, and sometimes (4) a
land-line party.

25. TRANSIT PARTY.—The members of the transit party
and their duties are as follows:

The Locating Engineer is the chief of the entire surveying
corps, and receives his instructions from and reports to the Chief
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Engineer of the railroad company. His duties are: to direct
all the surveys from the reconnoissance to the location, to pro-
vide accommodations for his party, to pay all general expenses,
and in case a camp is necessary to purchase all supplies and to
manage the camp.

The Transitman is next in rank to the locating engineer, and in
his absence is in charge of the party. His duties are: to do the
transit work, which consists of lining in the chainmen, measuring
the angles between successive tangents, noting the bearings of
the tangents, measuring the angles which the line makes with
all railways, highways, streams, and property lines, and record-
ing the plusses at which they cross the line; and to keep the notes
of the transit party. On construction the transitman usually
becomes Resident Engineer and has charge of from 8 to 15
miles of construction.

The Head Chainman ranks next to the transitman in the
transit party, and is directly in charge of the rear chainman,
stakeman, and axmen. His duties are: to see that the distances
are chained correctly; to see that the stakes are driven on line,
that they are driven straight, and that they are marked cor-
rectly; to direct the axmen where to cut in opening up the line;
to set new transit points; and to direct the taking of plusses. The
head chainman has a very important position, as he regulates
the speed of the entire party. In open country frequently the
locating engineer takes this position. The head chainman
carries the zero end of the tape.

The Rear Chainman’s duties are: to hold his end of the tape on
the last stake driven while the head chainman gets the distance;
and to take and record all plusses which he turns over to the
transitman at frequent intervals.

The Rear Flagman’s duties are: to give the transitman a
sight on the back sight station whenever he signals for it; and to
carry excess baggage. The rear flagman should be a wide-
awake man with good eyesight.

The Stakeman’s duties are: to carry the stakes; to mark the
station numbers on the stakes; and to drive the stakes as directed
by the head chainman.

The Axmen do all the necessary clearing in order that the
transit and level parties may have a clear path. They are
sometimes required to make the stakes.
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26. THE LEVEL PARTY.—The members of the level party
and their duties are as follows:

The Levelman is chief of the level party and ranks next to the
transitman in the surveying corps. His duties are: to run profile
levels over the line and to establish bench marks; and to keep
the level notes.

The Rodman’s duties are: to hold the rod vertical upon the
ground at each station, and at those intermediate points where
the longitudinal slope of the ground changes; and to keep “ peg
notes ”’ as a check on the levelman’s computations.

27. THE TOPOGRAPHY PARTY.—The members of the
topography party and their duties are as follows:

The Topographer usually holds equal rank with the levelman
in the surveying corps. This position is a very important
one and should be filled by an experienced man. The duties of
the topographer are: to take all data necessary for making an
accurate contour map of a strip of country sufficiently wide to
enable the engineer to make an intelligent projected location;
and to record these data in such a way that they will be readily
understood by the draftsman. The topographer is assisted
in his work by a rodman and a tapeman.

28. THE LAND-LINE PARTY.—The duties of this party
are: to measure the angles which the line makes with all railways,
highways, streams, and property lines; to tie-in the line to the
nearest government monuments so that legal descriptions may
be prepared of the required right of way; and to secure the names
of the property owners.

29. Drafting. In addition to the above field parties there is
the field draftsman, who does his work in camp. His duties are
to plat the notes taken by all the parties the previous day, which
necessitates the use of two sets of field note-books or else loose-leaf
note-books. In some cases the draftsman, with the help of the
locating engineer and the transitman, plats the notes each night;
and the levelman plats the profile of the line over which he ran
levels that day. Thus the map is kept up to date, and the
locating engineer can project his location as the line
advances.
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Methods of Making Preliminary Surveys

The preliminary survey is the most expensive survey, and is

of primary importance since the location depends directly upon

. it. Hence the method of making it should be given considerable

thought in order that it may be done with accuracy and economy.

There are at present three general methods used: (1) the transit

and tape method, (2) the transit and stadia method, and (3)
the plane table method.

30. The transit and tape method is by far the most common.
The transit party runs the line with transit and tape, the level
party follows taking profile levels, and the topography party
follows the level party; the land-line party may come in any-
where after the transit party. This kind of a survey will require
from six to fifteen men, depending on whether the several parties
have a separate personnel and on the number of axmen required
to open the line.

31. The transit and stadia method consists in running the
line with the transit and stadia.. Stakes are placed only at
transit stations, and the elevations of these points are determined
by transit and trigonometric leveling. The location and eleva-
tions of important intermediate points along the line are de-
termined in a similar manner. While the transit is at each
station, the topography around that point is taken with the stadia.
Thus all the needed data are taken as the line advances. These
data may be recorded in the note-book and worked up later by
the party draftsman; but it is much better if the draftsman plats
the notes as the transitman takes them and draws in the contours
while the landscape is before him. The draftsman holds a very
important position in this party and should be an expert in that
line of work. A survey by this method is very accurate as re-
gards the contours, which are the most important item on a
preliminary map; and, if good men are employed, it is more
efficient than the first method. This method requires a transit-
man, a draftsman, two rodmen, and as many axmen as the
nature of the country may require.

32. The plane table method is very similar to the one just
described and differs from it mainly in the use of instruments.
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The plane table takes the place of the transit, and the plane
tableman does the drafting. Owing to the difficulty in handling
and setting up the plane table, it is doubtful whether this method
is as efficient as the transit and stadia method; and although
the services of the draftsman are dispensed with, yet the progress
is possibly not as rapid.

33. Remarks. For long lines that justify the employment of a
large number of men the transit and tape method is probably the
most efficient. In other cases, however, the transit and stadia
method will prove the more economical. The latter method
has not been used to any considerable extent, due to the fact that
few engineers fully appreciate the advantages of the stadia
method; but in the few cases in which it has been tried it has
fully demonstrated its superiority, particularly for open country.

34. Bench marks. When spirit-levels are run over the line,
bench marks should be established at half-mile intervals, ap-
proximately, and should be placed far enough from the center
line so that they will not be disturbed during construction.
After construction, permanent bench marks should be established
on all permanent structures, such as concrete bridges, and at
every station building along the line. The common practice
of using spikes driven in telephone poles and mile posts is a
very dangerous one, as these are frequently moved and re-set.
If the road has few concrete or steel structures, then bench
marks may be established on trestles. When these are renewed,
the elevations of the several parts will rarely be changed more
than an inch; while a bench mark on a telephone pole may be
changed several feet.

Note.—For further information on the subject of Railway Surveys
and the Economics of Railway Location, see A. M. Wellington’s
‘‘Economic Theory of the Location of Railways;’’ F. Lavis’ *‘ Railway
Location Surveys and Estimates,” or W. L. Webb’s ‘ Economics of
Railroad Construction.”



CHAPTER 1II

MAPS

Reconnoissance Maps

35. The reconnoissance map consists of a general sketch of
the country which the locating engineer has investigated, and
shows the several routes that are possible. Only controlling
points, such as towns to be passed through, available stream
crossings, saddles in the ridges, etc., are shown. If an existing
map of the country is available, it is best to draw in the routes
directly upon it. The notes taken on the reconnoissance survey
regarding the geological formations, the cultural features of the
country, the width, depth, and current of streams, etc., are
considered part of the reconnoissance map, and frequently have
great weight in the choice of routes.

36. The reconnoissance profile is made from the elevations of
the controlling points and the distances between them. Pro-
files are made for each of the several routes and are frequently
placed on the same sheet, so that a more intimate comparison
can be made. The purpose of the reconnoissance maps is to
eliminate the impractical routes and to determine which ones will
bear a more detailed investigation.

Preliminary Maps

37. The first preliminary maps show the transit and stadia lines
run, and all railroads, highways; and streams that cross the lines.

38. The preliminary profiles corresponding to the first pre-
liminary maps are made from the elevations of the traverse
stations. From a study of these maps one route—occasionally
two—will appear superior to the others, and the preliminary
survey proper is then made over this route.

39. The preliminary map is generally made to a scale of from
200 to 400 feet to the inch, and is a complete topographic map of
; 12
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a strip of country from 100 to 1,000 feet wide. All highways,
railways, streams, and buildings are shown. Frequently it is
desirable to show the property lines, the names of land owners,
and government monuments. Also all geological formations
and other features that might affect the location of the line are
indicated. Oeceasionally, special features may require an auz-
iliary map to a scale of 50 or 100 feet to the inch over short
stretches of the line.

40. The projected location is then made on the preliminarymap.
First project that line which will give the best alinement and grades.
This will be the best line from the standpoint of operation, and
the one to be used unless the cost of construction is prohibitive.
In this case determine the line whose construction will come with-
in the allowable cost and at the same time keeps within the
allowable limits of curvature and grade. This can be done only
by trial and requires a large amount of skill and judgment.
In order to determine the grades and the amount of earthwork
for the several projected lines, it will be necessary to construct
a profile for each of them from the contour map. In locating
grade lines on these profiles it must be remembered (1) that
intersecting railways must be crossed either at grade or at a
clearance distance above or below grade, (2) that highways
can be raised or lowered within certain limits, and (3) that
streams must be crossed a safe distance above high-water mark.

After satisfactory tangents have been projected, they are
connected by curves which most nearly conform to the contour
of the ground, and at the same time keep within the maximum
curvature. If the curves are to be spiraled, allowance must be
made at this time.

41. Location notes are then made from the accepted projected
location. The bearings of tangents, the plusses of the be-
ginnings and ends of all curves, the central angles of all curves,
and the degrees of curve are scaled off the map and recorded.
These condensed notes are used in making the final location.

Location Map

42. The location map is usually made to the same scale as the
preliminary map, and shows all railways, highways, streams,
and property lines that cross the line, together with their plusses;
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the names of the property owners and the amount of right of way
required from each; the government subdivision lines and the
numbers of sections, etc.; the distances from the line to govern-
ment monuments; the boundaries of each field through which the
line passes; the location and size of all openings; and any other
data that will be of use to the construction engineer or to the
right of way agent. 3

The location map can often be made by adding the necessary
data to the preliminary map, and then making a new tracing,
omitting the contours and such other features that are not de-
sired on the final map.

43. The location profile is made from the profile levels which
were run over the located line, and shows: the ground line; the
grade line, including the per cent. of grade of the different por-
tions and the elevations of all points where the grade changes
and all points on vertical curves; the location and dimensions of
all openings in the embankment; the plusses of railways, highways,
streams, and openings in the embankment; the ‘elevations of the
top of rail of all intersecting railroads, and the high-water mark
of streams; the descriptions and elevations of all bench marks; a
rectified alinement map at the bottom of the profile sheet, con-
taining practically all the data that are shown on the location
map; the distribution diagram, which is drawn between the
profile properand the alinement; on the profile proper the econom-
ical movement of the earth from the cuts into the fills; and the
amount of excavation, overhaul, and borrow at all points along
the line. Infact, the location profile contains practically all the
information needed by the resident and construction engineers.
It is used by them in staking out all the construction work, with
the exception of large bridges and trestles, for which separate
plans are made.

44. Additional profiles are made for any change in the eleva-
tions of highways and railways. These profiles are short and
are sometimes (and preferably) placed on the location profile
opposite the points where the changes are made.

Right of Way Maps

Right of way maps are of two kinds: (1) legal maps and (2)
maintenance of way maps.
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45. Legal right of way maps are made on sheets which are the
same size as the sheets on which the conveyance deeds are drawn
up (usually 8% x 13). A separate map is made for each de-
seription, and a blue-print is attached to the deed and becomes a
part of it and is recorded along with the deed. The railroad
company preserves its copies of the deeds along with the right
of way maps in the form of a book, which is known as the right
of way book.

46. Maintenance of way right of way maps are made from the
location map and a’ separate sheet (about 83 x 10) is used for
each section (i.e., government section) or for each mile of track.
These sheets are bound into a book and are used by the main-
tenance of way department.

Construction Maps

47. Station maps are usually made to a scale of 50 or 100 feet
to the inch, and show the proposed buildings and tracks at each
station. Any changes in the plans which are made during con-
struction are recorded on the map. Some railroads have stand-
ard plans for station layouts, and these are followed as closely
as conditions will permit.

48. Progress profiles. Each month after the monthly es-
timate surveys have been made, the amount of grading done
during the month is shown graphically on the location profile in
colored pencil. Each month a different color is used, so that
the chief engineer and other railroad officials can see at a glance
the progress of the construction work and can compare the
amount done each month with that of former months.

49. Progress photographs. For the same reason photographs
should be taken each month or oftener of the various structures
under construction, such as concrete arches, bridges, trestles,
station buildings, etc. Photographs are excellent auxiliaries
to a written report,.



CHAPTER III

DISTANCE, CURVATURE, AND GRADES

In the location of a railroad there are three factors that make
for success or failure from a financial standpoint, namely, dis-
tance, curvature, and grades. The best location is that in which
each of these is a minimum. This would be when the line be-
tween terminals was perfectly straight, and on a uniform grade.
This ideal line involves a maximum expenditure for construction
and a minimum outlay for operation. Such a line, of course,
is a financial if not a physical impossibility. It must be re-
membered that the first cost is a fixed amount, while the cost of
operation continues as long as the road exists; and in time the
additional cost of operating a cheaply located road will more
than offset the amount saved in the construction. This state-
ment is borne out by the fact that all the large railroads are
spending huge amounts yearly for the reduction of curvature
and grades, in order that operating expenses may be reduced.
The locating engineer must take all of these things into con-
sideration in making his location. Of the three named items,
grades is by far the most important, while distance is the least
important.

Distance

50. Additional distance in the length of a line affects the
initial cost of construction, the cost of maintenance, and the cost
of operation. The cost of construction and maintenance is
proportional to the distance and may be readily determined.
The cost of operation does not vary directly as the distance.
The cost of operating a small additional distance will be only
about one-third as much per train-mile as the average cost over
‘the whole line. When the additional distance becomes several
miles, the cost is increased to about one-half of the average cost
per train-mile.

16
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Curvature

51. Curvature affects the cost of construction, the cost of
maintenance, and the cost of operation.

The cost of construction is increased since curvature means
an increase in the length of the line; and also if structures such as
trestles and bridges come on curves their cost is largely in-
creased thereby. ;

The cost of maintenance is increased since curved track
requires more care in alinement and surface than straight track,
and also there is greater wear on both the track and the rolling
stock due to the curvature.

The cost of operation is increased because more power is re-
quired on curves than on straight track, and frequently a sharp
curve will limit the weight of train that can be operated over the
line. Also, sharp curves limit the speed of passenger trains,
which may be an important item where there is a competing
line. It has been determined by experiment that the additional
tractive force required to draw a train around a one-degree curve
is the same as that required by a grade of from 0.03 to 0.05 per
cent. This resistance does not vary directly as the degree of
curve, but decreases as the degree of curve increases. For curves
up to about 8 degrees, however, the curvature resistance is
usually taken as 0.04 per cent. per degree of curve; for curves
from 8 to 15 degrees, 0.03 per cent. per degree; and for curves
above 15 degrees, 0.02 per cent. per degree. The resistance to a
train in starting is about double that given above, and must be
considered if a stopping place comes on a curve. In general,
curve resistance is not serious until it becomes so great that
when added to grade resistance the total resistance limits the
weight of train that can be hauled over the line. Therefore all
the steeper grades should be compensated for curvature.

52. Choice of curvature. The lolal resistance offered by a
curve depends directly upon the central angle, and is practically
independent of the radius. Hence the important point is to
keep the amount of curvature a minimum, and after the tangents
have been decided upon the problem is to make the rate of
curvature as uniform as the topography will permit. Little is
gained by having a few flat curves and a number of sharp ones.
The proof of this statement is in the fact that in the vast amount
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of re-alinement work that the railroads have been doing in the
past few years there are very few, if any, cases where an increase
in radius is the only benefit derived from the improvement.
The object of all this work has been to reduce the total amount
of central angles in curves and at the same time to reduce the
maximum rate of curvature.

Grades

Grades may be classified as (1) minor grades, (2) ruling grades,
and (3) pusher grades.

53. Minor grades are those which do not limit the weight of
train which can be hauled over the line by one engine. Such
grades are of three kinds according to their effect on the per-
formance of the engine.

First, there are those grades whose drop (vertical height) is
sufficiently small that a locomotive can operate without shutting
off steam, or, in other words, will not reach a dangerous speed due
to the down-grade while exerting a constant pull on the train.
The effect of these grades on train operation is negligible, both as
regards the effort required of the engine and the time required
for the train to traverse a given distance, since the kinetic energy
acquired in descending one grade is utilized in ascending the
opposite grade.

The second kind of minor grades consists of those whose drop is
so great that steam must be shut off to prevent the train from
acquiring a dangerous velocity, and hence the effort of the
engine must be increased on the opposite up-grade. Therefore
there is a loss of power, since the engine is working intermit-
tently and not at its greatest efficiency.

The third kind of minor grades consists of those which require
the use of brakes in descending them. This causes an enormous
loss of energy because part of the kinetic energy gained by the
descent is absorbed by the brakes, and hence is not available on
the next up-grade. Further, the engine is working at a dis-
advantage, and there is considerable wear on equipment due to
the action of the brakes.

54. Ruling grades are those which limit the weight of the
train which can be hauled by one engine. Cars can not be
picked up or dropped off along the line to make up a train in
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accordance with the grades met with, and hence a train must
run through from one terminal of a division to the other. There-
fore, excluding pusher grades, and such short steep grades which
can always be operated by momentum, the maximum grade is
the ruling grade on that division.

55. A pusher grade is one which is so steep that one or more
extra engines are required to haul the train which one engine
can handle on the remainder of the division. It will nearly
always happen that some grades on each division will be con-
siderably greater than the majority of the grades, and unless
these can be reduced to the general average at a reasonable
cost or a pusher engine is used, they limit the weight of train
over the division and become the ruling grades.

A pusher grade adds enormously to the cost of operation since
the auxiliary engines must be maintained; and, further, they pass
twice over the line for each train handled, and hence do not
operate at maximum efficieney. Obviously, therefore, a pusher
grade must be considerably in excess of the ruling grade on the
remainder of the division before its extra cost of operation would
be justifiable.

56. Choice of grades. The total energy available to carry
a moving train up a grade is the sum of the kinetic energy of the
train due to its velocity (momentum) and that developed by the
engine. The maximum amount of energy which the engine can
develop is a fixed quantity, but the amount of kinetic energy
which can be utilized depends on the initial speed of the train.

A given engine can just pull a train of given weight up such
. a grade that the sum of the frictional resistances and the grade
resistances (including curvature resistances) equals the total
force exerted by the engine. Or, conversely, the weight of train
which a given engine can pull up a given grade is such that the
sum of frictional and grade resistances again equals the effort
of the engine. The frictional resistances are practically constant
at about 8 pounds per ton for freight trains, while the grade
resistance is 20 pounds per ton for each per cent. of grade. The
length of such a grade is limited only by the endurance of the
engine.

If the train approaches this grade at considerable speed, its
kinetic energy may be utilized to overcome additional grade
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resistance, hence the engine can pull the train up a much steeper
grade to the point where the additional vertical rise has absorbed
all the kinetic energy. If the end of the grade is reached first,
the train will pass over easily, suffering only a reduction in speed;
if the grade extends further than this point, the train will be
stalled.

Thus it is seen that for minor grades it is more the vertical
height than the rate of slope which affects the operation. And
also the ruling grade—the one which limits the train weight—
may not be the one of steepest slope, provided that the heaviest
trains can always approach it at sufficient speed to reach its top
with the aid of momentum.

Therefore if a grade line can be established with alternate de-
scents and ascents of such small amount that the train can
always make use of its momentum, the rate of slope is of smail
importance. But, if the slopes are so long that momentum
can not be utilized all the way, or the grade must be entered at
very low speed, the rate of slope limits the train weight.

The first step in projecting a grade line on a profile is to
determine approximately the ruling grade. The lowest value of
the ruling grade is that of a uniform slope between terminals.
The maximum value depends on the type and weight of locomo-
tives, the weight of trains, etc., and can never be exactly de-
termined, and therefore it is more usual to simply choose a
maximum or ruling grade which will probably fit the territory
through which the line runs. In assuming this maximum value,
due consideration should be given to the direction of heaviest
traffic, and easier grades secured if possible for trains in this
direction. ‘

A grade line is then laid out on the profile, keeping below this
maximum if possible in such a way that the fills will balance the
cuts and the total amount of earthwork will be kept as low as
possible in order to reduce the cost of construction. The laying
out of this line will require several trials, and each trial should be
carefully studied as to its effect on operation as well as on first
cost. After such a line has been laid out it may be found that
the assumed maximum grade has been exceeded at some point,
and study must be given as to whether it is possible to reduce
this grade or whether it is justiifiable to perhaps increase it suf-
ficiently to be operated as a pusher grade. Or it may be found
that only one grade approaches the chosen maximum, and again
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the line must be studied to determine if it is possible to reduce
this grade to the general average. For example, the maximum
grade on a division is found to be 1 per cent., while there are no
others over 0.8 per cent., and possibly only two of these, the next
lower being 0.5 per cent. The problem then is to decide the
advisability of reducing the 1 per cent. grade to 0.8 per cent.,
and then possibly the three 0.8 per cent. grades to the average
of 0.5 per cent. And this process of reducing the ruling grade
could be continued until the additional cost of construction
equals the sum which can profitably be spent for the purpose of
reducing the ruling grade. -

57. VERTICAL CURVES.—The intersections of the several
portions of the grade line must be rounded off to avoid undue
stress in thedrawbars. The curve used for this purpose is a parab-
ola because of its convenient characteristics. Such curves are
termed vertical curves to distinguish them from the curvesin the
alinement.

The length of vertical curves depends on the total change in
the grade which is the algebraic difference of the intersecting
grades, G; and G, and on the rate of change ‘of the vertical
curve. Ascending grades are plus, and descending grades are
minus.

The rate of change per station, r, of the vertical curve as rec-
ommended by the American Railway Engineering Association
is 0.1 foot for summits and 0.05 foot for sags for first-class rail-
ways; and doukle these amounts for second-class and electric
railways. It is to be noted, however, that a large number of
first-class roads use the second-class rating. Since the change
at the ends of the curve is from tangent to chord instead of from
chord to chord, the rate of change of the first and last stations
on the curve is just one-half the rate used on the remainder of
the curve.

In solving a vertical curve problem, the first step is to find
the length of the curve. This is done by dividing the algebraic
difference of the grades by the assumed rate of change per station.
This will usually give an odd length which is inconvenient to
handle, and therefore the next higher even number of stations is
chosen as the length of the curve.

The second step is to divide the algebraic difference of the
grades by the length of curve as found in step one. The quotient
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will be the rate of change per station which is to be actually
used.

The third step is to find the station numbers and elevations
of the T.C. and C.T. (beginning and end of curve).

The fourth step is to find the elevations of the intermediate
stations on the curve. This is done by starting at the T.C.
and adding (or subtracting as the case may be) the changing
grades successively until the C.T. is reached. The grade from
the T'.C. to the first station will be Gi—% r, from the second to the
third station it will be Gy—#% r, from the third to the fourth it
will be G;—% r, and so on till the C.T. isreached. The elevation
thus found for the C.T. should check with that determined from
step three.

Example. A 4-0.8 per cent. grade meets a —0.6 per cent.
grade at station 30 + 00, whose elevation is 750.50. It is de-
sired to connect these grades by a vertical curve whose rate of
change per station is approximately 0.2 foot.

G, — G, (algebraically)

Length of curve = i (€))]
L
1.4
o= 02 = 7 Sta
Making L = 8,
= Lsé- ="0.175

Taking everything into consideration it is better to make
L = 800 feet (400 feet each side of apex), and to use a value of
r = 0.175 than it is to make L = 700 ft. and use a value of
r=0.2

Sta. of T.C. = 30 — 4 = 26 + 00.
Sta. of C.7. = 30 4 4 = 34 + 00.
Elev.of T.C. = Elev. P.I. — }1LG: = 750.50 — 3.20 = 747.30
Elev. of C.T. = Elev. P.I. — 1LG, = 750.50 — 2.40 = 748.10

Elevation Station 26 = 747.30 = 747.30

Y4 “ 27 = 747.30 + (0.8 — 0.0875)
= 747.30 4 0.7125 = 748.01
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Elevation Station 28 = 748.01 + (0.7125 — 0.175) =
748.01 + 0.5375 = 748.55

4 “ 29 = 748.55 4 (0.5375 — 0.175) =
748.55 + 0.3625 = 748.91

% “ 30 = 748.91 4 (0.3625 — 0.175) =

748.91 + 0.1875 = 749.10
4 “ 31 = 749.10 + (0.1875 — 0.175) =

749.10 4 0.0125 = 749.11
£ “ 32 =749.11 4 (0.0125 — 0.175) =

749.11 — 0.1625 = 748.95
g “ 33 =748.95 4 (—0.1625 — 0.175) =

748.95 — 0.3375 = 748.61
% “ 34 =748.61 + (—0.3375 — 0.175) =

748.61 — 0.5125 = 748.10

It should be noted that the highest point on the vertical curve
comes at Sta. 31 instead of Sta. 30.

The elevation of each station on the vertical curve is shown
on the location profile, and is used in setting slope stakes. If
the distance from the sub-grade to the top of rail (from 1.5 to
2.01t.) is added to the above elevations the results are the eleva-
tions of the final top of rail. These elevations are used after the
grading has been completed for setting grade stakes for sur-
facing the track.

Note.—For a further discussion on the Economics of Railway Loca-
tion, the student is referred to Wellington’s ‘* Economic Theory of the
Location of Railways,”’ or Webb’s ‘ Economics of Railroad Construc-
tion.” i



CHAPTER IV
CURVES
Part I. Circular Curves

RAiLway alinement consists of
1. Tangent, or straight track.
2. Curves, which unite the tangents.

Curves are of two kinds; (1) ares of circles, and (2) arcs of
spirals. The circle is employed for the body of all curves since
it is more easily located with the transit and tape than any other
form of curve. Spirals are used for easements at the ends of the
circular ares.

Circular curves are classified as Simple, Compound, and
Reversed.

Simple Curves

58. FUNCTIONS.
A simple curve is an arc of a circle which unites two tangents

.
differing in direction. The functions of a simple curve are
shown in Fig. 2.
24



CURVES 25

Point of Intersection—P.I.—is the point where the two
tangents intersect.

Tangent to Curve—7.C.—is the end of the tangent and the
beginning of the curve.

Curve to Tangent—C.T.—is the end of the curve and the
beginning of the tangent.

Intersection Angle—I—is the deflection angle between the two
tengents, and is equal to the angle at the center.

The Radius of the curve is denoted by R.

Tangent Distance—7T—is the distance from the 7. C or the
C.T. to the P.I.

T = Rtan }I. S aOiNEE IiT(2)

Long Chord—L.C.—is the chord from the 7.C. to the C.T.
LG 6= 2RisindT 5 Yo. disrwiniuctir-5id3)

Middle Ordinate—M—is the ordinate to the curve from the
middle of the Long Chord.

M =R — Rcosil =Rversi/ o (4

External Distance—E—is the distance from the middle of the
curve to the P.I.

R
E=E@—R=Rexsec%1 AR = ),

Degree of Curve—D—is the angle at the center subtended by
one 100-ft. chord, two 50-ft. chords, or four 25-ft. chords, de-
pending upon the length of the radius. The intention is to make
the difference between the length of the chord and the arc so
small that it may be neglected.

Length of Curve—L—is the distance along the curve between
the T.C. and the C.T'.

L (in stations) = -l—g e e A ()

Deflection Angle—} D—From geometry the angle between two
chords, or a chord and a tangent, intersecting on the circum-
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ference of a circle is measured by one-half the intercepted arc.
For a chord 100 feet in length this angle is called the deflection
angle, and therefore is 3D.

Subdeflection Angle—d—is a similar angle for a chord of less
than 100 feet.

If C is the length of the chord in feet,

(4
1p— J
3D 00 * - - * (7)

d (in minutes) =03CD . . . . . (8)

Total Deflection Angle is the angle at the 7T.C. between the
tangent and a chord to any point on the curve. :

Total deflection angles are taken to the nearest 0.5 minute.

59. The relation between R and D. If the degree of curve be
defined as the angle at the center subtended by a 100-ft. arc,
an exact relation between R and D may be found, as follows.
The circumference of a complete circle in terms of the radius is

d (in degrees)

2 7 R; and in terms of the degree of curve is IOO?igg, hence

100 X 360  5729.58
Bre S e ]

From (9) it is evident that R varies inversely as D. Therefore
knowing the radius of a 1 degree curve, the radius of any other
degree of curve can.be found by simple proportion.

Since the chord is used instead of the arc, the value of R from

__.i.c__ —"%C-'_
L m

N l /
® | /
\/a-o—'HD\/

X

\eil //
\\ \l[/ /
Fi1a. 3.

(9) can not be used, and a new value of R must be found which
will agree with the chord-definition of the degree of curve.
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In Fig. 3, Rsin 1D = 3C
Whence = 1Y = 1C cosec $D 10)
“siniD  ? S Sy
When C is 100 ft., R:="80'cogec D). . i S reia (1L}

The difference in the values of R as computed from (9) and
(11) becomes about 0.5 ft. when D is 7 degrees. Since a difference
greater than this is objectionable, curves above 7 degrees are
staked out with 50-ft. chords. When C is 50 ft.,

R =25coseciD .. . L. JUw23(12)

When D becomes 14 degrees, the difference in R as computed
from (9) and (12) again become objectionable, and 25-ft. chords
are used. When C is 25 ft.,

R =125cosecsD . . . . . (13)

When D becomes 28 degrees, 10-ft. chords should be used.

Table 5 of radii was computed from (11), (12.), and (13).

It is customary to consider the radius of a 1 degree curve as
5730 ft., and to assume that R varies inversely as D. Hence

R =5730 (APPTOX. )= o santenmisiors il )

The difference between R as given in Table 5, and as computed
from (14) is so small that it may be neglected.

By substituting R in terms of D in (2) to (6) it is seen that
the various functions of a curve for any given value of I are
approximately inversely proportional to D. Therefore, if these
functions are known for any degree of curve, they can be found
for any other degree of curve by simple proportion. Table
6 gives the functions of a 1 degree curve for intersection angles
from O degree to 100 degrees.

60. FIELD WORK.
In laying out a curve successive points are located by a meas-
urement from the preceding point and by line. The line is
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not the same for all points and is determined by the total de-
flection angle calculated for each point. Thus in Fig. 4, point
1 is located by the chord 7.C.—1 and the total deflection angle
A; point 2 by the chord 1-2 and the total deflection angle B;
and point 3 by the chord 2-3 and the angle C.

FiG. 4.

Stakes are usually placed 100 feet apart except on sharp
curves where the interval is reduced to 50 or 25 feet. However,
the stationing 1is continued wunbroken around the curve. The
T.C. and the C.T. will therefore usually fall at a plus station,
hence there will usually be a subdeflection angle at each end of
the curve.
The first step in the field work is to determine the station
numbers of the T.C. and the C.7T'. and to compute the total de-
flection angles for the entire curve. In Fig. 4, T.C.—1 and 4-
C.T. are odd distances, and 1-2, 2-3, and 3—4 are full stations.
Then A is the subdeflection angle (di) for the chord 7.C.-1,
and is computed by Eq. (8).
A = d1

Then B =A+ 3D =d;+ 31D

And C=B+3iD=d + %D+ 31D
E=C+1iD=di+3D+3D+4D
F=E+d =d+3iD+3D+3D+d =3l

The total deflection angles are thus computed by sueccessive
additions, and the entire series of computations is checked if
the last value is 37. If stakes are placed 50 feet apart the in-

crements are 3D, and if 25 feet apart they are 3D, instead of
3D as above. The form of notes is shown in Fig. 5.

I
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On the ground the 7'.C. and the C.T. are located by measuring
the tangent distance T from the P.I. The curve can then be run
in by means of angles and distances as explained above.

Since in turning off an angle with a transit, an error as large
as 0.5 minute may easily be made—which amounts to 0.15 of
a foot at 1000 feet from the transit—the length of sight on a
curve should never exceed 1000 feet.

It has been found by experience that if the angle between the
tape and the line of sight is more than about 30 degrees, the
location of the point is inacourate. Therefore the angle between
the line of sight and the tangent at the transit station should
never be more than 30 degrees, t.e., the product of the length
of sight in stationsand 3D should be less than 30 degrees.

It is good practice in any case to run a portion of the curve
from the C.T., since the errors of surveying can be adjusted more
satisfactorily on the curve than at the C.T. There should be no
more error, however, in either line or distance than is permissible
in good chaining under the particular conditions.

If the entire curve can not be run in from the 7.C. and the
C.T., one or more intermediate set-ups on the curve will be
necéssary. There are, therefore, three possible positions of the
transit in running in curves, viz., the T.C., any intermediate
point, and the C.T. The curve notes as computed above are
used in all three cases, as follows:

At the T.C. Orient the trausit by a sight along the tangent
with the plates set at zero. Turn off the total deflection angle
of each station, successively, and chain the corresponding dis-
tances between them.

At any intermediate point. Orient the transit by a back-
sight on the last transit station with the telescope inverted and the
plates set at the total deflection angle of that station as recorded
in the notes. To continue the curve, plunge the telescope *
and set the plates at the total deflection angles of the succeeding
stations and measure the corresponding distances between
them.

At the C.T. Orient the transit by a sight along the tangent
with the telescope normal and the plates set at the total de-
flection angle of the C.T., i.e., 3. To run in the curve, set the

* The line of collimation must be in adjustment.
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plates at the total deflection angle of each station as given in the
notes, and measure the corresponding distances.

61. The FUNDAMENTAL PRINCIPLES are:

When sighting at any station the plates must read the total de-
Sflection angle of that station. When on tangent at any station the
plates must read the total deflection angle of that station.

If these principles are strictly observed a maistake in instrument,
work is impossible.

Example. The P.I. of two tangents is at Sta. 10555 4 00.3
and I = 71° 22’. It is desired to connect the tangents with
a 4° curve.

T for a 1° curve for I = 71° 22’

T = D

5 41149 (frcim Table 6) — 10287 ft.

Sta. T.C. = Sta. P.I. — T = (10555 + 00.3) — (10 + 28.7) =
10544 + 71.6

b il 2 71.367 3
=T S =R PTRES O e 17.842 Stations.

Sta. C.T. = Sta. T.C. + L = (10544 + 71.6) + (17 + 84.2) =
10562 + 55.8

The distance from the 7.C. to the first Sta. on the curve is 28.4
ft., hence

di =03CD =03 X 284 X 4 =34’
Deflection angle = $D = 2° 00’
The distance from the last Sta. to the C.T. is 55.8 ft., hence
d: =03 X 558X 4 =67" =1°07" \

Total Deflection Angle of T.E7=70"00"
4 L “  ‘“Sta. 10545 = 0° 00’ + 0° 34’ 0° 34’
143 13 3 {11 10546 2 Oo 341 + 2° OOI = 92° 34/
“ « ¢« “ « 10547 = 2° 34’ s 2°00’ = 4°34’
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Total Deflection Angle of Sta.10562 = = 34° 34’
143 113 143 113 C'T. P 340 34/ + 10 071 Al !
35°41’ = %I (check)

These results are recorded in the form shown in Fig. 5.

62. Offsets from chords produced. In addition to his chain-
ing duties the head chainman also sets the stakes on line as
directed by the transitman. Obviously this work is mach
facilitated if the head chainman can quickly approximate the
position of the stakes. This can be done by an offset from the
line through the last two stations. For example, in Fig. 6, 4
and B are the last two stations set. Produce AB to E the
distance C from B. F is located by the offset y from E and the
distance C from B. y can be found by Eq. (16). If E is care-
fully lined in and C and y measured with the tape, the point
can be located with considerable accuracy; and, if a transit
is not at hand, this method can be employed in locating an entire

FiaG. 6.

curve. However, this method is most valuable as an aid to the
head chainman in approximating the position of the stakes,
and 1t should always be used. If E is only roughly lined in and
y is paced, the points can be located within less than one foot,
which is sufficient for the purpose.
From Fig. 6,
}w:C::$C:R
2

Whence iy = 22 (C and R expressed in feet)
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Expressing R in terms of D, we have

= L2R
Y = 17460

[

If » represents C expressed .in stations, then
3y = 0.873 n2D NS et (D)

3y is the tangent offset to the point F.
For C =100 ft.,n =1,
and 3y = 0873 D, and y = 1.746 D = 12 D (approx.) (16,)
For C =50ft., n =3,
and 3y =022 D, and y = 044 D

63. Chord Offset Method. There are some cases in which the
deflection angle method of running in curves can not be used to
advantage. Forinstance, in heavily wooded country it may notbe
economical to locate every station by the deflection method on
account of the large amount of clearing necessary for the lines
of sight. Fig. 7 illustrates this condition. If the stakes B, C,
E, and F were all set from A it would necessitate the clearing

F16. 7.

of a line to each or practically the entire area between the curve
and the chord AF. If, on the other hand, ¥ were set from A
by its total deflection angle and the chord AF, and B, C, and E
located by offsets from this chord, the only clearing required
would be along AF and the short offsets. The transit would
then be moved to F and the process repeated to J, and so on.
The chord AF is the L.C. of a curve whose value of I is the
central angle of the curve ABCEF, and therefore can be de-
termined from Eq. (3) or from Table 6. In chaining this chord,
temporary stakes are set at the full station distances, although
perpendicular offsets from these will not give the exact location
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of the curve stations since the chord AF is shorter than the
line ABCEF. This error may be neglected for the following
reasons: (1) the error at any point in practice will rarely exceed
one foot; (2) the perpendicu-
larity of the offsets is estab-
lished by eye, hence is not
exact; and (3) the approxi-
mate location of these stations
is sufficient since this method
would be used only on first
location to determine the
profile. The offsets are com-
puted as follows:

From geometry the pro-
ducts of the segments of
two intersecting chords are RS
equal. Then from Fig. 8,

S X 8 =83 X8,

S _Sl st_ St X 8.
= BT R

Since S; is small compared with 2R it may be neglected in the
denominator, and since in practice the difference between S; and
the offset will rarely-reach 0.05 ft., we may write

S X8 S X8 XD

Offset = SR = 2 X 5730 (Approx.)

Reducing 8; and S to stations, we have
Offset (in feet) = 0.873 SuS;D (Slide Rule) . . (17)

64. Example. The 7.C. of a 4° curve is at Sta. 67 + 82.7.
Sta. 72 is set by its total deflection angle (8°21’) and the L.C.
of a 4° curve for I = LD = 4.173 X 4 = 16° 41.5’, which from
Table 6 = 415.8 ft. While chaining this chord, temporary
stakes are set at 17.3, 117.3, 217.3, and 317.3 ft. from the
T.C. From Eq. (17),

The offset at Sta. 68 = 0.873 X 0.173 X 4 X 4 = 2.4f{t.
“ “ o« w60 =0.873 X 1.173 X 3 X 4 = 12.3 ft.
“ w70 =0.873 X 2.173 X 2 X 4 = 152 ft.
« e w7l =0.873 X 3173 X 1 X 4 = 11.1 ft.
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The stations on the curve are located by measuring these offsets
from the temporary stakes already set.

Change of Location Problems

After the line is located according to the paper projection and
a profile made, it may be found that, owing to inaccuracies in the
platted topography, a considerable cut or fill comes on a hillside
and may be eliminated by shifting a portion of the alinement.
Occasionally other considerations than earthwork make such a
shift desirable. ;

65. Problem 1. In Fig. 9, the line as originally located
(shown dotted) involves considerable earthwork which could

.
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~
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be eliminated by shifting the curve the distance p at or near its
middle point.

The problem is to find the new degree of curve and the change
in the position of the 7'.C. and the C.T. p is the difference in the
external distances of the two curves, or

Eoew curve = Eotd curve +'D

The new degree of curve may be computed from the new
external by Eq. (5) or by means of Table 6, which is the quicker
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and more common method. The estimated value of p will
usually give an odd value of D which is undesirable; hence the
value of D to be used is taken only to the nearest ten minutes.
The distance that the 7.C. and the C.T. are shifted is equal to
the difference in 7' for the two curves.

66. Problem 2, Case 1.

In Fig. 10, the line as originally located (shown dotted) in-
volved considerable earthwork between A and B, which could

N

Case 1
s

e 3]

Fi1G. 10.

largely be eliminated by shifting the tangent the distance p
parallel to its original position, which involves a change in the
location of TWO curves.

The problem is to find the change in the T.C.s and the C.T.s
of the two curves, the degree of curve remaining unchanged. In
triangle 1, the sides m and I can be readily computed since I
and p are known. m = n = the required change in the 7T.C.
and P.I. p will rarely exceed 100 feet, hence the new tangent
is best located by offsets from the old tangent. The new C.T.
is then located from the old C.T. by rectangular coordinates
one of which is p and the other is the side I of triangle 1. v

The second curve is located similarly using triangle 2.
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67. Problem 2, Case 2.

Owing to some special cause, for example a stream-crossing
as shown in Fig. 11, it may be undesirable to move the C.T. for-
ward as in Case 1. This condition can usually be met by placing

FiG. 11.

the new C.T. approximately on the same radial line as the old
C.T. This involves a change in the degree of curve and in the
position of the T.C.

In triangle 1, I and p are known, and ! and m are computed.

Trnew curre = Told curve — 1

whence the new D is easily found from Table 6 and, as in Problem
1, is taken only to the nearest 10 minutes. (The approximation
in the position of the C.T. is due to thus not using the exact
value of D.) A new value of 7T is then found which agrees with
the D that is used. Then

n = Todcurie + M — Tnew curve

68. Problem 2, Case 3. This case is similar to Case 2,
except that the C.T. is on the fixed tangent instead of the one
being changed, hence the solution is somewhat. different.

Solve triangle 2 for the side m, then

Tnew curve = Told curee — M

whence the new degree of curve is obtained from Table 6.
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Solve triangle 3 for the side I. Then the new 7.C. can be
located from the old 7.C. by the co-ordinates ! and p.

As in the previous problem, D should be taken only to the
nearest ten minutes. This necessitates a slight change in both
the T.C. and the C.T.,since T for this value of D is not the
same as that used in the above computations. It must be
remembered that the 7.C. becomes the C.T., or vice versa, when
the line is run in the opposite direction.

69. Problem 3. Sometimes curves are run in beginning at
the 7T.C. without previously locating the P.I. and the C.T'., and
checking the direction of the forward tangent. On reaching
the C.T. and projecting the forward tangent, it is found that
the tangent does not pass through some controlling point.
It is therefore necessary to change the direction of the tangent
by shifting the C.7. This is most readily accomplished by
measuring the necessary change of direction with the transit,
and then changing the length of the curve to correspond. For
example, in Fig. 12, the curve is run to B as a C.T. and the
tangent is found to pass through z, whereas it is necessary to
pass through A. The angle e is measured with the transit.

The length of curve corresponding to e is BC, whence the C.7T.
is moved back to C. The forward tangent then takes the
position CA’, parallel to BA, and misses.A by the distance m,
which is the middle ordinate of the curve BE.
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2e
BE = 2BC = D

7 BE® e’

m=—>< 2 X D = 0875-1—)~

m will rarely reach 5 ft., hence the line CA’ meets the require-
ments.

Problems

1. If the P.I. is in a stream or is otherwise inaccessible, how
can I and the positions of the T.C. and the C.7T. be determined?

2. If the T.C. is inaccessible, how can the curve be run in and
checked?

3. If the line of a curve passed through a building or similar
obstruction, how can the curve be run in and checked?

4. Given I = 63° 43’. Find 7T, L, R, and E for each of the
following values of D:—0° 30’, 2° 00, 5° 00’, and 7° 30’. Solve
by equation and check by Table 6. :

5. Given the P.I. at Sta. 118 + 60.0, I = 57°48’, and D =
5° 00’. Find the station numbers of the T.C. and the C.T.

6. Write transit notes for the preceding problem.

7. Given, on original location, a 6° 00’ curve with I = 78°21’
and the T.C. at Sta. 1041 + 72.6. Topography requires the
middle point of the curve to be moved toward the center about
45 ft. What is the new degree of curve and the station number
of its 7.C.?

8. Given an established curve with I = 69° 38/, D = 3° 00/,
and the T.C. at Sta. 982 + 41.1. It is desired to move the
forward tangent outward a distance of 50 ft. Find the new
station numbers of the 7'.C. and the C.T., and the coordinates
from the old C.T. to the new C.T.

Answer. T.C. = 982 4+ 94.4; C.T. = 1006 + 15.5;1 = 18.6,
and p = 50.0.

9. Data same as in Problem 8, except that the forward tangent
is moved znward.

Answer. T.C. = 981 + 87.8; C.T. = 1005 + 08.9;1 = 18.6,
and p = 50.0.

10. Given an established curve with I = 47° 23', D. = 2° 30/,
and the T.C. at Sta. 1841 + 83.7. It is desired to move the
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forward tangent outward a distance of 60 ft., keeping the C.7.
on the same radial line approximately. Find the new degree of
curve, the station number of the 7.C., and the distance that
the C.T. moves forward or backward due to using D to the near-
est ten minutes only.

Answer. D, computed = 2°38.7’; D, used = 2°40’; T.C. =

. 1843 + 28.0; C.T. moves 7.6 ft. backward.

11. Data same as in Problem 10, except that the forward
tangent is moved ‘nward.

Answer. D, computed = 2°22.2’; D, used = 2°20’; T.C. =
1840 + 30.3; C.T. moves 16.7 ft. forward.

12. Given an established curve with I = 50° 35", D = 4° 30/,
and the T.C. at Sta. 155 + 24.5. It is desired to move the
initial tangent 35 ft. tnward without changing the position of the
C.T. (except the small amount due to using approx. value of D).
Find the new degree of curve, the station numbers of the new
T.C. and C.T., the coordinates of the new 7.C. from the old
T.C., and the small amount that the 7.C. and the C.T. must
shift due to the approx. value of D used.

Answer. D, computed = 4° 52’; D, used = 4° 50’; T.C,,
computed = 155 + 98.7; T.C., used = 155 + 94.9; C.T., com-
puted = 166 + 38.1; C.T., used = 166 + 41.5;1 = 70.3; p =
35.0; T.C. and C.T. shifted 3.8 ft.

13. Data same as in Problem 12 except that the tangent is
moved outward.

Answer.. D, computed = 4° 11’; D, used = 4° 10’; T.C,,
computed = 154 + 50.3; T.C., used = 154 + 47.5; C.T., com-
puted = 166 + 59.2; C.T., used = 166 + 61.5;1 = 77.0; p =
35.0; T.C. and C.T. shifted 2.8 ft.

14. After running in a 3° 00’ curve to the right, using paper
location notes, it is found that the forward tangent passes to the
right of the governing point by 2° 20" as measured at the C.T.
(a) What distance must the C.T. be shifted? (b) How much
does the new tangent miss the controlling point?

Answer. (a) = 77.8 ft.; (b) = 1.6 ft.

Compound Curves

70. A compound curve is a combination of two or more simple
curves in the same direction with a common tangent at the
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point of junction. A compound curve should never be used except
under conditions where a simple curve will not meet the require-
ments. In rough country it may happen that a large volume of
earthwork can be avoided by making one part of a curve sharper
than another, resulting in a compound curve.

For example, in Fig. 13, the line is located as a compound curve
ABC, requiring little earthwork and keeping on the bank of
the stream. If the simple curve A B had been produced to F to
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end in a parallel tangent, it would have fallen in the river. Or
if the simple curve CB had been prolonged to E, it would have
pierced the cliff.

The degree of curve and the point of compound curve, C.C.,
are chosen to fit the contours and other governing conditions,
and the central angles of the branches are scaled from the map.

This is one of many cases where a compound curve is ap- .
plicable.

From the standpoint of operation a compound curve is better
than two simple curves separated by a short tangent, hence it
should be used in such cases. In flat country a compound curve
18 tnexcusable on main line. If the degrees of curve of two ad-
jacent branches of a compound curve differ by more than
2°00’, an easement curve should be inserted between the branches,
and provision for this should be made in locating the curve.
(See Spirals, paragraph 84.)



CURVES 43

The nomenclature and positions of the functions are shown
in Fig. 14.

71. Problem 1.

In new work I will be measured and I,, I, D,, and D, will be
determined from the preliminary maps. It is desired to know

FiG. 14.

the value of T; and T in order to set the T.C. and the C.7T. and
to run in the curve.
In Fig. 14, BE is the common tangent at the C.C.

BE = BC + CE

BC = AB is the tangent distance for a D, curve for an inter-
section angle I;; and CE = EG is the tangent distance for a D,
curve for an intersection angle 7, and are computed by Table 6.

Then in the triangle BEF, one side and the adjacent angles are
known from which the sides BF and EF are computed.

T, = AB + BF,and T, = EF + EG
72. Problem 2. Occasionally the positions of the 7.C. and

the C.T. are fixed within narrow limits, giving unequal tangent
distances, which necessitates a compound curve.
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The degree of curve of one branch must be chosen before the
problem can be solved. The problem then is to determine the

Fic. 15.

degree of curve of the second branch and the central angles
I 1 and Iz.

In Fig. 15, I, Ty, Ty, and D, areknown. AH = HF = T, =
the tangent of D; curve for the intersection angle I.

In triangle 1,
m = To = T]

and hence the triangle can be solved for p and n.
In triangle 2,

'l=To+n—T2

Since p is known, the triangle can be solved for the angle at
E, which is }1.

11=I—Iz

In triangle 3, since [ and I, are known, the side 0,0, = Ry — R,
can be solved for, whence D is determined from Table 5.
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73. Field Work.

A point on one branch of a compound curve can not be located
with the transit set on a point on another branch, since in order
to run in a circular curve with the transit and tape, the transit
and the points to be located must be on the same circumference.
Therefore each branch of a compound curve is run in indepen-
dently as a simple curve. Thus the notes for the first branch are
computed and the curve run in to the C.C. The transit is then
placed at the C.C. and oriented as at the C.T. of a simple curve
except that the plates read zero instead of 3I when sighting along
the tangent.* The notes for the second branch are then com-
puted and the curve run in to the C.T. or to the next C.C.

Change of Location Problems

74. Problem 1. This problem arises under conditions similar
to those in Problem 2, Case 1, of simple curves, paragraph 66.

Given, as shown in Fig. 16, a located compound curve ABC.
It is desired to move the forward tangent laterally a distance p.

R:

pEs

13he
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The simplest solution of this problem is to retain the same
degrees of curve and to shift the C.C. from B to E.

BE (in feet) = %1 100

* To orient at the C.C., back-sight on the last transit station with the
plates set to read the difference between the total deflection angle
of the C.C.,15 I, and the total deflection angle of the back-sight sta-
tion; turn the plates to zero and the line of sight is on tangent.
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Therefore the problem resolves itself into solving for the angle b.

In triangle 1, since a is known and the hypotenuse is the
difference in the two radii, the base m can be computed. Then
n=m — p.

In triangle 2, the hypotenuse and the base are known, whence
the angle ¢ is computed.

b=c—a

In triangle 3, e = 90° — 3b — a (prove)
whence the coordinates of M, the new C.T., from the old C.T.
can be determined.

Three other cases of this problem arise, viz.: (1) the same as
above, except that the tangent is moved outward; (2) the curve of
longer radius may fall on the tangent to be moved inward; and
(3) the curve of longer radius may fall on the tangent to be
moved outward.

The solution of each of these cases is the same as that given
above- except that the various points take different relative
positions. If the same relative construction lines are drawn and
the corresponding points are used, no confusion should arise.

75. Problem 2. This problem arises under conditions similar
“to those in Problem 2, Case 2, of simple curves, paragraph 67.

t—m————u—P—R o P—

vl
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Given, as shown in Fig. 17, a located compound curve ABC.
It is desired to move the forward tangent laterally a distance p,
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and to keep the C.T. approximately on the same radial line,
which involves a change in the degree of curve of the second
branch and in the position of the C.C.

In triangle 1, a is known and the hypotenuse is the difference
in the two given radii. Therefore the base m and the altitude
n can be computed.

In triangle 2, the base n is now known and the altitude I can be
determined since R, Ri, p, and m are known. The angle at
F = b (Why?) can therefore be determined. Then

c=b—a

and the C.C. is shifted the distance BE (in feet) = —%l 100.

In triangle 3, the angle b and the altitude » being known, the
hypotenuse r can be computed from which R, is determined, and
the corresponding degree of curve D, is found from Table 5,
and is taken to the nearest ten minutes. Then since E and b
are already fixed, this will change the value of p slightly and will
shift the C.T. a short distance along the line EG from F, its
theoretical location. The coordinates of this new position are
given by the equations

z =hsinb, and y =z tan 30,

in which z is the movement along the tangent, ¥ is the change in
p, and h is'the difference between the computed value of R, and
the value actually used.

Three other cases of this problem arise, depending on whether
the longer or the shorter radius curve is onsthe tangent to be
moved, and on whether the tangent moves inward or outward.
In all of these cases the solution is relatively the same.

Problems

1. Given the P.I. at Sta. 837 + 00, I = 64°44', I, = 29° 00/,
I, = 35°44’, D, = 4° 00’, and D, = 5° 30’. Find the station
numbers of the 7.C., C.C., and C.T.

Answer. T.C. = 828 + 73.4; C.C. = 835 4 98.4; C.T. = 842
+ 73.4.

2. Given the P.I. at Sta. 1846 + 50.0, I = 57°18’, T, = 835.0,
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T, = 687.0, and D; = 3° 00’. Find I, I, D,, and the station
numbers of the 7.C., C.C., and C.T.

Answer. I = 16°17/; I, = 41°01%; D, = 4° 47.5"; T.C. =
1838 + 15.0; C.C. = 1843 + 57.8; C.T. = 1852 + 13.5.

3. A 2° 30’ curve compounds with a 4° 00’ curve at Sta. 8792
+ 27.6. The central angle of the 4° 00’ curve = 26° 45”. It
is desired to move the forward tangent inward 30 ft., but to re-
tain the same degree of curve. Find the station number of the
new C.C. and the coordinates of the new C.T. referred to the
old C.T.

Answer. C.C. = 8790 + 61.6; 1 = 54.5 ft.; p = 30.0 ft.

4. Data the same as in Problem 3, except that the tangent is
to be moved outward.

Answer. C.C. = 8794 + 22.0;1 = 66.4 ft.; p = 30.0 ft.

5. A 5° 00’ curve compounds with a 3° 00" curve at Sta. 147
+ 63.3. The central angle of the 3° 00’ curve is 19° 00’. The
forward tangent is to be moved 25 ft. inward, but the same
degree of curve is to be retained. Find the station number of
the new C.C. and the coordinates of the new C.T. referred to
the old C.7T.

Answer. C.C. = 149 + 04.0; I = 90.2 ft.; p = 25.0 ft.

6. Data same as in Problem 5, except that the tangent is to be
moved outward.

Answer, C.C. = 146 + 61.3; 1 = 63.3 ft.; p = 25.0 ft.

7. A 4° 30’ curve compounds with a 7° 30’ curve at Sta.
999 4 67.0. The central angle of the 7° 30’ curve is 39° 24’.
The forward tangent is to be moved tnward 50 ft. and the C.T.
is to be kept approximately on the same radial line. Find the
new degree of curve for the second branch, the station number
of the new C.C., and the coordinates of the new C.7. (actual)
referred to the old C.7T.

Answer. D, computed = 6° 33’; D, used = 6° 30’; C.C. =
996 + 36.2; z = 5.4 ft. forward; p’ = 47.2 ft.

8. Data same as in Problem 7, except that the tangent is to be
moved outward.

Answer. D, computed = 12° 51.3’; D, used = 12° 50’;
C.C. = 1003 + 31.4; z = 0.3 ft. forward; P’ = 50.0.

9. A 5° 30’ curve compounds with a 3° 40’ curve at Sta. 1888
+ 36.2. The central angle of the 3° 40’ curve is 27° 50’. The



CURVES 49

forward tangent is to be moved inward 30 ft. and the C.T.
is to be kept approximately on the same radial line. Find the
new degree of curve for the second branch, the station number
of the new C.C., and the coordinates of the new C.T. (actual)
referred to the old C.T.

Answer. D, computed = 2°49.0’; D, used = 2° 50’; C.C. =
1890 + 84.4; x = 3 ft. backward; p’ = 30.4 ft.

10. Data the same as in Problem 9, except that the tangent
is to be moved outward.

Answer. D, computed = 4° 03.0"; D, used = 4°00’; C.C. =
1886 + 01.5; x = 11.7 ft. forward; p’ = 34.3 ft.

Reversed Curves

76. A reversed curve is a combination of two simple curves
of opposite curvature with a common tangent at the point of
junction.

A reversed curve should never be used on main lines on account
of the shock due to the sudden reversal of eurvature and also due
to the fact that it is impossible to superelevate properly the
outer rail at or near the point of reversal. If conditions require
two curves of contrary curvature close together, they should be
separated by sufficient tangent to run out the superelevation of
each, or it should be provided with easement curves in which
case the ‘ points of spiral” may be coincident.

In yards and connections, reversed curves may be permissible,
since the speed is low, and in some cases may be imperative.
In nearly every case, however, they should be employed in con-
junction with turnouts, therefore further discussion of reversed
curves will be included with the problems of turnouts and con-
nections in Chapter VI. X

Part 2. Spirals

77. A spiral is a curve of varying radius which is used at the
ends of circular curves in order that the change from rectilinear
to circular motion, or vice versa, may be gradual and without
shock. It is also used between the branches of a compound
curve for similar reasons.

On tangents the track should be level transversely, but on
curves the outer rail is elevated above the inner one to counter-
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act the effect of centrifugal force. If this were carried out lit-
arally, there would be a vertical jog in the outer rail at the T.C.
and the C.T'., which is impossible from the standpoint of opera-
tion. It is evident then that the superelevation must be at-
tained gradually; the distance in which this is done is called
the “run-off.” It is the custom on unspiraled curves to have
the run-off either wholly or in part on the fangent with the
result that there is a disagreeable tipping of the train upon
entering and leaving curves. When a spiral is used this objec-
tion is overcome since the superelevation is attained in its length,
and at every point is correct for the degree of curve at that point.
~ Thus the spiral may be defined as a curve whose degree of curve
increases uniformly from zero at its beginning to the degree of the
main curve at its end.

Application to Simple Curves
78. The functions of the spiral are shown in Fig. 18, and are
defined as follows:
T.S.—the point of change from tangent to spiral.
S.C.—the point of change from spiral.to circular curve.

s S SR UL SRR, .
Ao

FiG. 18.

C.S.—the point of change from circular curve to spiral.
S.T.—the point of change from spiral to tangent.

a —the angle between the tangent at the T'.S. and a chord to
any point on the spiral—the spiral deflection angle.
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A—a for the S.C.—the spiral total deflection angle.
b —the angle at any point on the spiral between a tangent
at that point and a chord to the T.S.
B—b at the S.C.
d —degree of curve of the spiral at any point.
D—degree of curve of the central circular curve.
f—the angle at any point on the spiral between a tangent
at that point and a chord to any other point (b is a
special case of f).
I—the total central aﬁgle of the spiraled curve.
0—the central angle of the spiral from the 7'.S. to any point.
A—the central angle of the spiral from the 7'.S. to the S.C.
k—the rate of change in the degree of curve of the spiral per
station.
l—the length of the spiral in feet from the 7'.8. to any point.
L—the length of the spiral in feet from the T.8. to the 8.C.
s—the length of the spiral in stations from the T.S. to any

et
point = 7o
8—the length of the spiral in stations from the 7.S. to the
L :
S.C. = ‘1—0’6.

r—the radius of curvature of the spiral at any point (radius
corresponding to d).
R—the radius of curvature of the central circular curve. -
z—the abscissa of any point referred to the T.S.
X—the abscissa of the S.C. referred to the T.S.
y—the ordinate, or tangent offset, of any point.
Y—the ordinate, or tangent offset, of the S.C.
T.C.—the point of curve of central curve produced back to a
tangent parallel to the tangent at the T.S.
o—the ordinate of the T.C.
t—the abscissa of the T.C. referred to the T.8.
P.I. —the point of intersection of the tangents of the spiraled
curve.
T's—the tangent distance of the spiraled curve (T.8. to P.I.).
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T—the tangent distance of an unspiraled curve of the same
D and I.

E—the external distance of the spiraled curve.

E—the external distance of the unsplra.led curve of the same
D and I.

79. Formulas.
From definition,

kl

% N T8
e S e T A rs))

D - ks = =%

100 )

The derivations of the following formulas require the use of the
calculus and are given in the Appendix.

0 (indegrees) = ks, A =13kS2. . . . . . . (19

ati(in’degrees) n=tlrdidndaias leviga oill o faupat

a (in minutes) = 10ks?, g‘ (20)
A (in degrees) = % A = ¥ kS?

b (in degrees) = 20 = 2a,
B (in degrees) =

JA=2A (1)
y =0291 ks* — 00000158k’ %

(22)

Y = 0201 kS3 — .00000158 k337
x =1 —.000762 ks )

X =L — 000762K285 § © 0 0ot (23)
0= 0:0727.kS¥ o, boyriny Jaidipons Iy niimiediEmiiT--%(04)
t =13L —- 1000127 kepbsviha DR wilily pelesisadi--405)
=T+otanlI+t=(R+o)tan%I+t 8 il —(26)
=FE 4+ — o 1I =R +o)exsecil +0 . . . . (27)

80. Length of Spiral.

Since the function of a spiral is to ease the entrance to a cir-
cular curve, D will always be known. Then from Eq. 18 it is
only necessary to choose a value of k or L, and the spiral is fixed.
Obviously any value of k& could be chosen and the spiral would
fit, but such a spiral may be so short as to require an excessive
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rate of superelevation, or, on the other hand, it may be needlessly
long. It is therefore more logical to determine the length of spiral
necessary to give the desired rate of superelevation and to make
k to correspond.

The length of the spiral is a direct function of the rate of
superelevation. The total superelevation depends upon the
speed and the degree of curve and is found from the formula,

%o = 0.00060DV: . . . . . (28)

in which e is the superelevation in inches and V the velocity in
miles per hour. e should never exceed 8 inches on account of the
effect on slowly moving trains, but the track should be super-
elevated for the fastest train up to this limit. Therefore the
maximum train speed for any given curve is limited by this
maximum superelevation. According to the American Railway
Engineering Association, curves requiring less than 2 inches of
superelevation are not generally spiraled, as the run-off may be
placed on the tangent without objection.

The maximum rate at which the superelevation may be at-
tained without discomfort to passengers is about 1 1-6 inches
per second.f Therefore the minimum length of spiral is,

L=6/7ev
where v is in feet per second. Reducing » to miles per hour,
L =126eV
Substituting the value of ¢ from Eq. 28,
L=.00087DV: .. . . (29

Substituting the value of D from Eq. 18, and solving for k, we
have

115000
k = —vq—(Approx.) g 651 B W G )

The diagram, Fig. 19, is platted from values computed by the
above formulas, and gives the length, superelevation, and k for

* For derivation, see Appendix, paragraph 143.
1 American Railway Engineering Association, Bulletin 108, Feb.,
1911.
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curves from 0° 30’ to 10° 00/, and for speeds from 20 to 80 miles
per hour. In this diagram, with any given value of D and V,
the length of spiral, the corresponding value of k, and the re-
quired superelevation can be readily determined.

The consensus of opinion of 31 railroads of the United Statesas
reported to the American Railway Engineering Association is that
the theoretical speed for which the outer rail is superelevated, or
the curve spiraled, may be exceeded about 20 per cent. without
discomfort to passengers. Further, the maximum speed is
never accurately known. Therefore, it is not necessary to use
the exact values of k and L as deterthined for the assumed speed.
Obviously, even values of k are desirable, and since considerable
variation is permissible, such values may be chosen, provided
the change does not increase the speed more than 20 per cent.
An examination of the diagram, Fig. 19, will show that values of
k of %, 1, 2, and 4 will give a satisfactory length of spiral for
practically all cases met in practice.

81. Field Work.

The first step in the field work is to determine the station
numbers of the 7'.8., 8.C., C.S., and S.T. The 7'.8S. and the

ol
g "/%U/nsp,‘_@’_e_dﬂ(&rg \
e —~

% Spirated D" Curve (offsetrog )
[v8

—
PR\ /

Fia. 20.

S.T. are located on the ground by measuring the distance
Ts from the P.I.
From Fig. 20,
Ts. =T +otan 3l + t IO BN (31)
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T is found from Table 6 (or Eq. 2); o is found from Table 1
(or Eq. 24); and ¢ is found from Table 1 (or Eq. 25).

Example. Given:—P.I. = 21 4+ 21.1, D = 3° 40, I =
51° 20/, and maximum speed about 45 miles per hour.

From diagram, Fig. 19.
Superelevation = 5 inches, k = 1, and L = 366.7 ft.

Sta. P.I = 21 4-21.1
From Table 6, ¥ T =750.9
From Table 1, o = 3.58, otan il = 1.7
From Table 1, t = 183.3

Pgi = s EOE = 35E0

Sta. TS. = 11 + 85.2

S= 3 667

Sta.S.C. = 15 + 519

Length of circular curve = I—_Dz—é = % —8=10 333

Sta. C.8. = 25 4 85.2

S= 38 66.7

Sta. S.T. = 29 + 51.9

Spirals are staked out either by deflection angles or by offsets.

82. Deflection Angles. The process of staking out spirals by
deflection angles is the same as that for simple curves. Spirals
rarely exceed 600 ft. in length, and the total deflection angle
to the S.C. rarely exceeds 5° 00’, therefore the entire spiral can
be run in from the T.S.*

Since a spiral is more difficult to aline than a simple curve,
stakes should be placed closer together; and since the spiral
becomes sharper as it increases in length, stakes should be
placed more closely together at the end than at the beginning.

* For running in spiral from an intermediate point on spiral, see
paragraph 85.
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RULE:—Place stakes 50 ft. apart on all spirals up to the point
where the degree of curve (d) becomes about 3°; beyond this point
place them 25 ft. apart.

For ease in computation, stakes are placed the above distances
apart beginning at the T.S.; hence in general all the stakes will
fall at plusses.

The spiral deflection angles are

a (in minutes) = 10ks?* . . . . (20)

Note that the spiral deflection dngles vary with the square of
the distance instead of the first power as in simple curves.

In Fig. 21 point 1 is located by a 50-ft. chord from the T.S.
and the angle a;; point 2 by a 50-ft. chord from 1 and the angle

A
A ;/
d becomes 3°
\

FiG. 21.

a; and so on, noting the change in chord length when d becomes
3°.  From Eq. 20, and
a; = 10"k (0.5 )2

g = 10’k (1.0 )? = 4a
ag = 10’k (1.5 )2 = 9a;
as = 10’ k (1.75)2 = 49/4a;
as = 10’k (2.0 )2 = 16a;
A =3 = 10’k (2.25)2 = 81/4a; = 1/3A

It is thus seen that the deflection angle for the first station only
needs to be determined from Eq. 20. The other values are
found by multiplying this value by the square of the ratio of the
first distance to the other distances.
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S.Garibaldi- R.F. Clear-Hot

Set up at S, T.plates at 0 °00'; B.S.along Tangent;
Back in Spiral to C.S.

1c=I-2A=17>30’

B.S. at T.S., Plates at 3200, Plunge and turn to
0-00'for Tangent.

Fi1a. 22. s
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Example. Assume that in Fig. 21, 7'.8. is at Sta. 711 + 44.0,
k =2,and 8§ =225, Then D = 4° 30/,

Deﬁectlon angle of T.S. Sta 711 4 44.0 = 0° 00’

= il 711 4+ 94.0 = 0°05’

v “ g U124 440 = 0° 20

o S TS e S AT TSRO (R — S () A B

i “o% 4« 7134190 =1°01"
(1° 01.25" exact)

5 Y o 1y “ 713 4+ 44.0 = 1° 20/

g “  “8.C.(A) T13 4+ 69.0 = 1°41’

(1° 41.25' exact)
= 1/3A, A = 5°-04’
(5° 03.75’ exact)
Bl =:¥SAR=UWA NS N5

To orient the transit at the S.C., back-sight on the 7'.S. with
the plates set at 3° 22.5" (angle B); then turn the plates to zero
and the telescope is on tangent and the circular curve is run in
as from the 7.C. of a simple curve, stakes being placed at the
regular stations (in the above problem at 714 400, 714 + 50, ete.).
After running in about half of the circular curve, move the
transit to the S.7. and run in the second spiral with the same
deflection angles. Then move to the C.S. and back-in the
remainder of the circular curve, thus placing the adjustment
of the errors of surveying at the center of the curve instead of at
the end of the spiral as is usually but unwisely done. The form
of notes is shown in Fig. 22.

This method is particularly applicable for locating spirals
after the construction is completed and the track is to be brought
to exact line and surface. For setting stakes during construction
the offset method is preferable.

83. Offsets. Evidently the entire spiral can be located by
means of the coordinates z and y (tangent offsets), and this is a
satisfactory method for short flat spirals where y is less than
about 10 feet. When y becomes greater than this, the spiral
can not be located with sufficient accuracy unless the offsets are
turned off with an instrument.

On location, since it is usually desirable to advance the line
as rapidly as possible, the best method is to run-in the circular
curve from the 7.C. to the C.T. (offsetted curve, see Fig. 20),
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and to insert the spiral later by offsets from both the tangent
and the circular curve.

Since the spiral departs from an osculating circle at any point
at the same rate that it departs from the tangent at the 7.S.
(see Appendix, paragraph 142), it follows that the offsets from
the circular curve to the spiral are the same as the offsets from
the tangent at the T.S. for the same distances. Since the
offset 0 and the spiral bisect each other (see Appendix, para-
graph 141), it isevident that the maximum offset is 30, and there-
fore will be small, and also that it is necessary to compute offsets
for half the spiral only. Half of the spiral is then located by
offsets y from the tangent at the 7'.S., and the other half by the
same offsets measured normal to the circular curve.

From Eq. 22 it is seen that the offsets vary approximately as
the cube of the distances, and for this method of location can be
taken so with inappreciable error. Since the maximum ordinate
is 30, and o is determined to offset the 7'.C., it is seen that the
offsets can be determined directly from o instead of from Eq. 22.

Application to Compound Curves

At the C.C. of a compound curve—as at the 7.C. of a simple
curve—there is a change in the rate of curvature and in the
 amount of superelevation, and if this is great enough to be ob-
jectionable, a spiral should be inserted between the two branches.

Evidently only that part of the spiral of curvature intermediate
between the degrees of the two curves isrequired, and—as at the
T.C. of a simple curve—the two curves must be offsetted at the
@.C.

84. Problem 1. In Fig. 23, HBC is a D, curve and EFJ
is a D, curve having parallel tangents at C and E (the position
of the C.C. if the curve were unspiraled). It is desired to con-
nect the two curves by the spiral BF. Consider the spiral run
backwards to its 7.S. at A. Since the degree of curve of the
spiral at B must be D; and at F must be D., then the spiral from
B to F is that part of a regular spiral from where d = D, to
where d = D,. The value of k depends upon the maximum
speed permissible on the sharper curve and upon the difference
in the two degrees of curve.

Since the spiral departs from every osculating circle at the
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same rate as from the tangent at the 7'.S., BC = CF, the spiral
bisects CE, and CE is equal to o-for a spiral whose D = D, — Dy
for the chosen value of k.

Fia. 23

To insert a spiral between the curves, find o for a D, — D,
curve and make the offset from C to E. The length of the spiral

iIl Stations iS
~ S], 2 k 1

Locate B and F by measuring 38; from C and E.

The curves may be staked out by continuing the first branch
to C, offsetting to E, and running-in the second branch; and
then inserting the spiral by offsets from the circular curves in ex-
actly the same way as explained in paragraph 83.

85. Deflection angles may also be used; but, since the transit
is at a point on the spiral, B or F, and not at the T'.8., the reflec-
tion angles to be used are values of f instead of a. From a
tangent at B in Fig. 23, the deflection angle » to any point
N’ on the circular curve BCM is 1D, X BN’. Since the spiral
departs from the osculating circle at the same rate as from the
tangent at the 7.S., the angle between the circular curve and a
point N on the splral isa = 1/6 Ic(BN)2 But BN and BN’
are equal. Then i

f =n+a=13D: (BN) 4+ 1/6k (BN)2
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If the transit were set at F, the deflection angle to N would be

f’ = 3D; (FN) — 1/6 k (FN)?

86. Problem 2. Fig. 24 shows a compound curve to be
spiraled at each end and between the two branches. The

o, )tan KIE(B—";

yt o=

B

Fic. 24.

tangent distances Ty and Tsa are required, and the solution is
fully indicated in the figure.

Application to Existing Curves

To insert a spiral in an existing track, it is necessary to shift
the ends of the curve inward to provide room for-the spiral.
If the same degree of circular curve were retained, this would
shift the entire curve inward. Since the amount of such shifting
may be considerable (o sec. 1I at its center) the new alinement
may not be on the old roadbed and considerable cost of earth-
work would be entailed in making the change. To obviate this,
the degree of curve may be changed in such a way that the new
alinement will permit the insertion of the spiral and at the same
time require little or no additional earthwork.
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87. SIMPLE CURVES. Existing simple curves may be
spiraled in two ways.

(1) By shifting the center of the curve outward * a small °
amount, and by sharpening the curve sufficiently to give the
desired offset. This method is particularly applicable for curves
whose lengths are less than about four times the length of
the spiral to be used.

(2) By sharpening the curve slightly at the ends to give the
necessary offset, leaving the middle portion of the curve un-
changed. This method is preferable for long curves.

88. First Method.

In Fig. 25, ABC is the existing unspiraled curve with B as
its middle point. It is desired to shift the track outward at B

Fia. 25.

the assumed distance p, and to sharpen the curve to give the
necessary offset o.

From the figure, p is the difference between the external dis-
tances of the existing curve and the spiraled curve. Therefore
from Egs. 5 and 27, we have

p = Rexsee 31 — [(Ry + o)exsec 31 + o]

=R —R,—o)exsecil—o . . . (32

*The shifting must be outward to make the change in alinement a
minimum,
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The minimum change in radius (B — R;) is that which will make
p equal to zero. Then from Eq. 32,

o*

- SR vers 31 °

(33)
(This is the maximum value of R; that will satisfy the con-
ditions.)

In any given problem first determine approximately (mentally)
the maximum value of R; from Eq. 33. This is used simply as a
guide in estimating the value of R; to use. Choose a value of
R; less than this (preferably to agree with an even 10 minutes of
degree of curve) and solve Eq. 32 for p. If this value agrees
sufficiently close with the desired shifting of the track at B, the
solution is complete. If not, re-estimate R; (using the previous
value as a guide), and repeat until a satisfactory value of p
is obtained.

The distance from the 7.C. of the original curve to the 7.S.
is the difference between 7's for the new curve and 7 for the old
curve. The 7.S. and the S.7T'. are then located from the 7.C.
and the C.T., respectively, of the old curve, and the new curve is
staked out as in new work.

Example. I = 40°00’, D = 4° 00, k = 1, and p = about
1.5 1.

From Eq. 33, the maximum value of R; = 1330 ft. (approx.)
corresponding to D; = 4° 18’ (approx.). Choose a trial value of
R, = 13222 ft. for D; = 4° 20’. Then from Eq. 32, p = 0.8 ft.
Choosing R; =1312.1 ft. for D; =4° 22’, p becomes 1.3 {t., showing
that a change of 2’ in D; increases p about 0.5 ft. Then to make
p = 1.5 ft., D, would have to be about 4° 23’. Since an odd
value of D is undesirable, and since it is not necessary to make
p exactly 1.5 ft., it is sufficient to take D, = 4° 22",

In the foregoing discussion it was assumed that the degee of
the existing curve was known and that the 7.C. and C.T. were
monumented. It will generally happen, however, that the
degree of curve is unknown, that the track is in poor alinement,
and that the 7.C. and C.T. are not monumented. In this case,
run out the tangents to an intersection and measure the inter-
section angle. Then measure the external distance of the

*o should correspond with R: which is unknown, therefore use a
value of o corresponding to about 0.9 R.
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existing curve and from it determine the degree of the curve that
will connect the tangents and pass through the middle point of
the existing curve. Use the value of R corresponding to this
value of D in solving Egs. 32 and 33.

89. Second Method. Case 1. In Fig. 26, ABC is the exist-
ing unspiraled curve, whose degree of curve, D, is known, whose
alinement is good, and whose 7T.C. and C.T. are monumented.
At some point on this curve, such as B, it is desired to compound
with an assumed curve of slightly shorter radius, R;, which,
when run to a tangent parallel to the initial tangent, will be a
distance from it equal to o for a R curve, thus providing room
for the spiral.

In the figure, EF Bis the R, curve, and EG is o corresponding to

el o

it. It is required to find the location of the 7.S., of the S.C.,
and of the C.C., B.
From the figure,

0=EG =GL —EL = (R —Ry) vers I

versI;=ﬁf—R1 I ReEIne ol (84)

The T.8S. is located by measuring back from the old 7'.C.
T.C.toTS.=t— R—-—Ri—o)tanI,. . . (35)

The S.C. is located by measuring the spiral length from the 7.8.
The C.C., B, is located by measuring the distance FB from the
8.C.

=A

FB (in feet) = 1 5

WAL AT T
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The location of the point B may be checked by measuring the
distance AB along the old curve. :

AB (in feet) = % 100

The distance from the 7.8. to the C.C. along the new aline-
ment is shorter than along the old alinement which will require the
rails to be cut. This shortening is equal to the difference in the
Sta. numbers of the C.C. as computed along the respective
alinements. .

The limits of R; are such as will make the point B come at
the middle of the original curve, or will make B and F coincide.
In general, R; should be chosen between 0.8 R and 0.9 R.

Example. D = 3° 00/, D, (assumed) = 4° 00’, k = 1, and
o = 4.65. From Eq. 34, I, = 12° 14.3'. From Eq. 35, the
distance from the old 7'.C. to the T.8. is 156.5 ft. The spiral
is 400 ft. long. From Eq. 36, the distance from the S.C. to the
C.C. is 121.1 ft.

90. Second Method. Case 2. In Fig. 27, ABC is the
existing unspiraled curve, whose degree of curve is unknowr,
whose alinement may be poor, and whose 7'.C. and C.T. are no*
monumented. First set-up in the center of the track at some

T.S A _GO_ ‘}____I__
Q-----:_*’ﬁK_ e —
: IE \\‘ \._. B
I
: : s.c.\\\\\\
o a.cHf
i A4
|
g
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i 'l B\ﬁ/ % '\
e ¢
e
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point C near the middle of the curve and by trial deflection
angles find the degree of the curve, D, that will most nearly
conform to the existing track. Then run-in this D curve to a
point B which is about 500 ft. from the end of the curve. If this
curve were continued, its 7'.C. would fall at J on a tangent
parallel to the initial tangent QL and at a distance p from it.
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At B run-out the tangent to the D curve to an intersection
with the initial tangent at L and measure the intersection angle
Ip and the distance BL. BN is the tangent distance of the
curve corresponding to Ip. Then,
p = NLsin Ip
The D curve is to be compounded with a chosen D; curve at
some point F to give the required offset o.
EK =0 — p = (R — Ry) vers Ip, whence
B4 3 g 1
versIB—R_Rl 8 8 M0 Bliual 23T
The T.8. is located at @ by measurement from L.

QL = QG + GL =t + JN — JK — NL cos I8

The S.C. and the C.C. are located as in Case 1, and the spirals
are staked out as in new work.

J may fall outside of Q L, in which case p and o are numerically
added; again, p may be greater than o, and in this case R; must
be greater than R.

91. COMPOUND CURVES.
An existing compound curve can be spiraled in the following
manner.

Fic. 28.

In Fig. 28, ABC is the existing compound curve with its C.C.
at B. To make room for the spiral it is necessary to compound
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the sharper branch, D;, at some point C with a still sharper
curve of chosen degree, Ds;, and to continue the first branch,
D,, to the point E where its tangent is parallel to the tangent of
the D; curve at G. EG is the offset o for a spiral whose D = D;
— D;. The problem is to find BE = n; and CG = n,.

For small central angles the ordinates between two circular
curves are equal to the difference in their tangent offsets. There-
fore EF can be considered as the difference in the tangent offsets
of the D; and D, curves in the distance n;; similarly FG is the
difference in the tangent offsets of the D, and D; curves for the
distance n..

Then from Eq. 15,

o =EF + FG = 0.873 (D2 == Dl) n;? 4 0.873 (D3 = D2) ns?.

Since the central angle of the arc BC equals the sum of the cen-
tral angles of the arcs BE and CG,

D; (0t + ny) = Din; + Dsny
or (DZ_ Dl.) L1 (Ds— Dz) na.

Solving these simultaneous equations for n; and 7, we have

2 D, —Dy)o

n, = 1.07\/ = Dy (D.—Dy (38)
2 (D, — D))o

n; = 1.07 \[ D= D) ®.=Dy 39)

C is located by measuring the distance n; + n; along the D,
curve from B. The C.S. is located by running the D; curve
from B the distance n; — ¢, and the S.C. is located by running
the D; curve from C the distance ns — (S; — ¢). The spiral is
staked out as usual for compound curves.
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Problems

1. What is the maximum speed for 10°, 7°, 3°, and 2° curves?

2. Given. P.I. at Sta. 741 + 60.0; I = 35°42’; k = 2°; and
D = 5° 00’. Determine the station numbers of the 7.8.,
8.C., C.S., and S.T., and the external distance of the curve.

Answer. T.S. = 736 + 65.3, S.C. = 739 + 153, C.8. =
743 4+ 79.3, 8.T. = 746 + 29.3.

3. Write transit notes for Problem 4.

4. Compute notes for locating the spiral in Problem 4 by
offsets.

5. On new location a 5° 00’ curve is to be offsetted from a
2° 00’ curve at station 333 + 00.0 for a k£ = 1° spiral. Find the
station numbers of the C.S. and the S.C. and the required offsets.
Write notes for spiral.

6. Write notes to locate spiral in Problem 7 by offsets.

7. Given. P.I. at Sta. 267 + 00.0; I = 69° 20’; I, = 21°
40’; I, = 47° 40’; Dy = 1° 30’; Dy = 2° 00’5 ki = kai=:1%
ks=2°. Find Ty, Ts, and the Sta. numbers of the 7.8., S.C.,
cS., 8.C, CS, and S.T. .

Answer. Tg = 18833, T = 12723, T.S. = 248 + 16.7,
8.C. = 249 + 66.7, C.S. = 262 + 11.1, S.C. = 264 + 61.1,
C.S. =274 + 278, S.T. = 276 + 27.8.

8. Write transit notes for Problem 9.

11. An existing curve is to be spiraled. I = 39°18’, D = 3°
20’, k = 1°. The track is to be shifted outward at the middle
about 1.0 ft. Find D, and the actual value of p.

Answer. D, = 3° 30';p = 1.24 ft.

9. Given an existing 2° 40’ curve to be spiraled by compound-
ing near the ends with a 3° 00’ curve. The 7T.C. is at Sta.
66 4+ 66.6 and £ = 1°. Find the station number of the 7'.8.,
8.C., and C.C., and the amount that the track will be shortened.

Answer. T.S. = 65 + 47.1, 8.C. = 68 + 47.1, C.C. = 69
+ 42.0. The track is shortened 0.1 ft.

10. An existing compound curve has its C.C. at Sta. 488+
50.0. D) = 4°00", D, = 7°00’, Ds = 7°40’, and k = 1°. Find
the station numbers of the C.S., S.C., and C.C.

Answer. C.S. = 487 4 16.5, 8.C. = 490 + 83.3, C.C. =
491 + 24.3.



CHAPTER V

EARTHWORK

Introduction

92. Railroad Cross-Sections. The forms of earthwork cross-
sections in cut, fill, and side-hill work (both cut and fill) are
shown in Figs. 29, 30, and 31, respectively. Fig. 32 shows the
form a section in cut should take when it consists partly of earth
and partly of rock.

G

Fia. 29. Fia. 30.

Fi1c. 31. Fia. 32.

93. Width of Roadbed. The width of roadbed for single track
on fill varies from 14 to 22 feet, and in cut from 20 to 33 feet.
However, the best practice is 18 or 20 feet on fill and 28 or 30
feet in cut. The greater width in cut is required to allow for
side ditches for drainage.

For double track add to the above quantities the distance
between track -centers.

Copyright, 1918, by G. W. Pickels and C. C. Wiley.
73



74 TEXT BOOK ON RAILROAD SURVEYING

94. Ditches. In order to provide drainage in cuts side
ditches are constructed on each side of the track. The ditches
should be of such cross-section that they can be easily constructed
and maintained and not easily obstructed. For these reasons
broad shallow ditches are better than narrow deep ones. The
usual width of ditches is from 3 to 6 feet, depending on the size
of the cut and the amount and rate of rainfall.

Where there is considerable ground water it may be necessary
to construct tile sub-drains under one or both of the side ditches.

When there is likelihood of considerable surface water draining
on to the roadbed, as for example in side-hill work, an open
diversion ditch, termed a surface ditch, should be constructed
outside the cut to carry this water to the end of the cut.

Side ditches are more expensive to excavate than the body of
the cut, and therefore should preferably be included as a separate
item in the contract.

95. Side Slopes. The slope of the sides of the cut or fill is
expressed as the ratio of the-horizontal to the vertical distance
and depends on the material through or of which they are made.
The following are commonly used.

(1) Cut
Solid rock vertical or %:1.
Loose rock — 1:1 to 1:1.
Hard earth — 1:1 to 1%:1.
Soft earth
or Sand — 1%:1 to 3:1.

(2) Fill
Loose rock — 1:1.
Earth — 1:1 to 1i:1.
Sand — 11:1 to 2:1.

96. Borrow Pits. It frequently happens that the earth from
the adjacent cuts is not sufficient to make the intervening fill.
In this case the contractor is allowed to borrow earth from along
the right of way. The pits thus dug are called borrow pits, and are
staked out by the engineer before the work is started. In
staking out borrow pits care should be taken to leave a berm
of at least 5 ft. between the foot of the embankment and the
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edge of the borrow pit; a similar berm should also be left at the
edge of the right of way. The contractor is required to leave
all borrow pits in such a shape that water will not collect in
them.

97. Shrinkage. Some soils become more compact when
thoroughly compressed in an embankment than they were
originally, and therefore a cubic yard of cut will ultimately make
less than a cubic yard of fill. This does not take place until
a year or two after the fill is made. This reduction of volume
is called shrinkage. The amount of shrinkage varies with the
kind of soil and hence the allowance for shrinkage should be left
to the judgment of the engineer in the field and should not be
made part of an arbitrary set of standards. Very few soils will
shrink as much as 3 per cent.

98. Growth. Solid rock will increase in volume on excavation
and hence a cubic yard in cut will make more than a cubic yard
of fill. This is termed growth. The amount of growth de-
pends on the uniformity of size of the fragments, and varies from
30 to 100 per cent., the average in railroad work being about
50 per cent.

99. Settlement. A newly built fill is never thoroughly com-
pact and therefore will continue to settle for some time, possibly
a year or two. The difference in height between the newly-
built fill and the fill after fully settling is termed settlement.
The amount of settlement depends on the nature of the soil
and the method of forming the embankment. A fill of ordinary
soil, well made with horses and scrapers or wagons, will settle
about 5 per cent.; if simply dumped from a trestle, the settle-
ment is greater and in some cases may reach 15 per cent. A
rock fill will settle but little.

Allowance for settlement is made in the field by marking on the
slope stake the theoretical fill plus the allowance for settlement.
For example, if the fill is 10 feet and the settlement is 5 per cent.,
the slope stake is set at the proper point for a fill of 10 feet,
but is marked F 10.5.

Shrinkage and settlement are frequently confused, but it is
to be noted that settlement includes shrinkage, and that the
allowance in the field is for settlement.
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If a fill is short and high the full allowance for settlement may
make a hump in the grade line which may be very objectionable
from the standpoint of operation. Of course this hump would
ultimately disappear, but it may be preferable to avoid the hump
by reducing the allowance for settlement and later to bring the
track up to grade by the addition of ballast.

In case a bridge is placed in a high fill, the full allowance for
settlement can not be made at this point. Extra care should be
taken to compact the fill immediately behind the abutments in
order to reduce the amount of settlement, and the track should
be carefully maintained at these points until the embankment
is fully settled.

.
Cross-Sectioning

100. Slope Stakes. Before construction work can be com-
menced, slope stakes must be set for the guidance of the con-
tractor (1) at every full station, (2) at those intermediate points
where the longitudinal slope of the ground changes, and (3)
at other points required by special structures.

A slope stake is a stake that is set on each side<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>