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FOREWORD
\1\
The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides
planning, design, construction, sustainment, restoration, and modernization criteria, and applies
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance
with USD(AT&L) Memorandum dated 29 May 2002. UFC will be used for all DoD projects and
work for other customers where appropriate. All construction outside of the United States is
also governed by Status of forces Agreements (SOFA), Host Nation Funded Construction
Agreements (HNFA), and in some instances, Bilateral Infrastructure Agreements (BIA.)
Therefore, the acquisition team must ensure compliance with the more stringent of the UFC, the
SOFA, the HNFA, and the BIA, as applicable.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Services’ responsibility for providing technical criteria for military
construction. Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities
Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are
responsible for administration of the UFC system. Defense agencies should contact the
preparing service for document interpretation and improvements. Technical content of UFC is
the responsibility of the cognizant DoD working group. Recommended changes with supporting
rationale should be sent to the respective service proponent office by the following electronic
form: Criteria Change Request (CCR). The form is also accessible from the Internet sites listed
below.

UFC are effective upon issuance and are distributed only in electronic media from the following
source:

e Whole Building Design Guide web site http://dod.wbdg.org/.

Hard copies of UFC printed from electronic media should be checked against the current
electronic version prior to use to ensure that they are current.
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FOREWORD

These technical instructions (TI) provide design and construction criteria and apply to all U.S. Army Corps
of Engineers (USACE) commands having military construction responsibilities. TI will be used for all
Army projects and for projects executed for other military services or work for other customers where
appropriate.

Tl are living documents and will be periodically reviewed, updated, and made available to users as part of
the HQUSACE responsibility for technical criteria and policy for new military construction. CEMP-ED is
responsible for administration of the Tl system; technical content of the Tl is the responsibility of the
HQUSACE element of the discipline involved. Recommended changes to the TI, with rationale for the
changes, should be sent to HQUSACE, ATTN: CEMP-ED, 20 Massachusetts Ave., NW, Washington, DC,
20314-1000.

Tl are effective upon issuance. TI are distributed only in electronic media through the TECHINFO
Internet site http://www.hnd.usace.army.mil/techinfo/index.htm and the Construction Criteria Base (CCB)
system maintained by the National Institute of Building Sciences at website: http://www.nibs.org/ccb/.
Hard copies of these instructions should be checked against the current electronic version prior to use to
assure that the latest instructions are used.

FOR THE COMMANDER:

Ewéx o Qe R

DWIGHT A. BERANEK, P.E.
Chief, Engineering and Construction Division
Directorate of Military Programs
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CHAPTER 1
GENERAL

1. PURPOSE AND SCOPE. This manual provides guidance for design and rehabilitation of railroad
track, terminals, and loading facilities, along with some information on construction.

a. The guidance in this manual is primarily for railroad lines operated at lower speeds and with lower
traffic volumes than those most commonly found in the commercial industry. The guidance on terminal
design is for small terminals handling military cargo: primarily tracked or wheeled vehicles and intermodal
containers.

b. This manual, supplemented with the specified references, should provide sufficient information for
general purposes. Most projects, however, include some aspects that are very site-specific or some
conditions that are not common. Designers are encouraged to obtain assistance when unusual or
unfamiliar situations are encountered.

2. APPLICABILITY. These instructions are applicable to all USACE elements and their contractors
involved with railroad design, construction, and rehabilitation

3. REFERENCES. Appendix A contains a list of references used in this manual.
4. CONTENT OF THIS MANUAL..

a. Applying the Material in this Manual. Designing a railroad involves satisfying many objectives that
often conflict. Throughout the process, the designer must prioritize project objectives and decide to what
extent one objective may be sacrificed to satisfy another. It is the proper balance of these compromises,
specifically matched to each situation that produces a good railroad design.

b. New Lines and Terminals. For designing new railroad lines and terminals, chapters 2 through 4 and
6 through 8 of this instruction are required. The design process is summarized in these steps:

(1) Determine the traffic and load carrying requirements. Estimate the number of cars to be handled
over the line and the magnitude of the wheel loads the track must support.

(2) Determine the terminal and support facilities requirements. From the type and magnitude of traffic
to be handled, determine the number, size, and location of loading and unloading facilities (terminals),
sidings, wyes, and other support facilities and auxiliary tracks.

(3) Establish route profile and alignment guidelines. Based on load carrying requirements, maximum
desired speed, locomotive pulling capability, and other operating needs and conditions, select maximum
effective grade, horizontal and vertical curvature, and other profile and alignment specifications.

(4) Select the route. Through an iterative process, select the best route and profile between the
terminals and the connecting commercial carrier (usually the nearest commercial railroad line).

1-1
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(5) Design the track, roadway, and terminal and support facilities. From the traffic and wheel load
estimates and the characteristics of the selected route, determine track, roadway, and drainage
requirements.

c. Rehabilitation. For rehabilitating existing lines and facilities, chapters 5 through 8 are required, along
with portions of chapter 2.

5. SUPPLEMENTARY MATERIAL. Listed below are references and other material generally required for
railroad design and rehabilitation. Full citation of references is given in appendix A:

a. AREMA Manual for Railway Engineering and Portfolio of Trackwork Plans.

b. Installation Transportation System Capability Study.

c. Drainage design guides.

d. Railroad Track Standards (TM 5-628/AFR 91-44).

e. Detailed maps (including contour maps) of the area through which the railroad will run.
6. USING THE AREMA MANUAL FOR RAILWAY ENGINEERING.

a. The American Railway Engineering and Maintenance-of-Way Association’s Manual for Railway
Engineering is a standard industry reference and is cited throughout this technical manual. It contains a
wide range of guidance to cover a variety of needs, with emphasis on commercial lines carrying
substantial freight traffic. As a broad range of specifications is often given, proper use of the AREMA
manual requires that the designer select the particular specifications that are most appropriate for a
particular project.

b. The AREMA manual is written primarily for the commercial carriers, that have their own company
policies and procedures. The material was prepared with the assumption that many details need not be
covered, as a company’s own practices would govern. Therefore, it is usually necessary for military
designers to provide details above and beyond the material contained in the AREMA manual. In addition,
requirements for operation on military railroads may sometimes differ from those commonly found on
commercial carriers. In these cases, the design guidance in this technical manual may vary from that
found in the AREMA manual.

c. For these reasons, when preparing designs and specifications, the use of general statements such
as “meeting AREMA specifications” should be avoided. Such statements often leave the choice of
materials or procedures wide open and can lead to an undesirable or unsatisfactory product. Designers
should clearly specify the work to be done and the acceptable materials for use in construction.

7. APPLICABILITY OF STATE AND COMMERCIAL RAILROAD STANDARDS.

a. States often have standards, particularly for clearances, which should be met during new
construction or rehabilitation. These standards may be obtained from the appropriate State departments
of transportation and public utilities.

1-2
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b. In addition, designers should assure that any new or rehabilitated track that will be regularly
operated over by a commercial railroad will be in compliance with their track requirements.

8. SOURCES OF ASSISTANCE.

a. Designers are encouraged to call for assistance when questions arise on the best choice to suit a
particular situation or for further interpretation of material in this technical manual or other references.
Assistance may be obtained through the Army Transportation Systems Center, Omaha, NE (CENWO-
ED-TX) or Air Force HQ ARCESA/CESC.

b. Particularly for installations that depend on the connecting commercial carrier for service, either for
routine traffic or only during a mobilization, that carrier should be consulted at least about the
arrangement of the interchange yard and preferably for other suggestions on track arrangement to
promote more convenient service.

1-3
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CHAPTER 2
DETERMINING TRAFFIC AND LOAD CARRYING REQUIREMENTS

1. INTRODUCTION.

a. The first step in designing a railroad is to determine the type and volume of traffic to be handled.
Traffic type and volume will generally govern the size and arrangement of terminal facilities, the number
of auxiliary tracks required, and track structure design.

b. The traffic handling capability at an installation must cover existing and foreseeable requirements,
that usually include:

(1) Mobilization outloading.
(2) Training exercises.
(3) Installation supply (routine traffic).

c. Once assembled, data on traffic volume and type should be reviewed and approved before
proceeding with the design process.

2. TRAFFIC TYPE. Information gathered on traffic type should include:
a. Type of cargo to be handled.
b. Type and size of freight cars to be used.
c. Manner in which cargo will be loaded and unloaded.
d. Height and width of cargo (for clearance requirements) handled on open cars (flatcars and gondolas).

e. Special requirements or restrictions for loading, unloading, or moving the cargo (especially when
handling hazardous cargo).

f. From this information the required type of loading facilities can be determined. Planning and design
for loading facilities are covered in chapter 8. Table 2-1 lists the most common cargo types along with the
freight cars and loading facilities usually required to handle the cargo. Figure 2-1 shows common freight
car types.

2-1
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Table 2-1. Common Cargo Types and Loading Requirements

CARGO CAR TYPE LOADING/UNLOADING METHOD FACILITY REQUIRED
Light wheel Auto racks Circus-type loading/unloading - staging area | Multi-level end ramp
(0.25T - 2.5T) Bi/Tri-level and spanner boards are required.
Heavy wheel Flatcar Circus-type loading/unloading - staging area | Permanent/portable end
(5.0 - HET) (40T - 140T) | and spanner boards are required. ramp
Light track Flatcar Circus-type loading/unloading - staging area | Permanent end ramp
(APC, Bradley) (40T - 140T) | and spanner boards are required.
Heavy track Flatcar Circus-type loading/unloading - staging area | Permanent end ramp
(Tank: M1,M60) | 140T and spanner boards are required.
Engineer Flatcar Special load items - crane access next to Permanent end ramp
equipment (40T - 140T) | track may be required. Spanner boards are
(Wheel & track) needed.
40’ Container COFC Crane w/spreader bar or RTCH and yard Container loading facility
tractor /trailer tandems.
20’ Container COFC Crane w/spreader bar or RTCH and yard Container loading facility
tractor /trailer tandems.
Conex Flatcar Crane loading/unloading - crane access None
Gondola required next to track.
POL (bulk) Tankcar Pumping or dumping through a pipe POL handling facility
network. equipped with spill
containment
POL (palletized) | Boxcar Forklift into warehouse or dock, staging area | Side loading ramp
next to dock may be required. equipped with spill
containment
POL COFC Crane w/spreader bar or RTCH and yard Container loading facility
(containerized) tractor /trailer tandems. equipped with spill
containment
Ammunition Boxcar Forklift onto dock, staging area needed next | Side loading ramp and
(palletized) to dock. meet the Q-D
requirements
Ammunition COFC Crane w/spreader bar or RTCH and yard Container loading facility
(containerized) tractor /trailer tandems. that meets Q-D
requirements
Miscellaneous Boxcar Forklift onto dock, staging area needed next | Side loading ramps
breakbulk to dock.

2-2
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Figure 2-1. Common Freight Cars

3. TRAFFIC VOLUME. In addition to the type of traffic, the amount of traffic must also be estimated.
This information should include:

a. Maximum number of cars (for each traffic type) that might be on the installation at any one time,
including empty cars.

b. Longest train that needs to be accommodated into or out of the installation.

c. Maximum number of cars (of all types) that might be on the installation at any one time, including
empty cars.

d. Maximum number of cars that each loading facility or terminal area might be required to handle in a
single loading or unloading cycle.

4. WHEEL LOADS.

a. Track structure design is greatly influenced by the magnitude of the wheel loads that the track must
support. While many different types of cars and loadings may be handled aboard an installation, for
planning purposes the design wheel load is based on the heaviest type of loaded car that will most
commonly run over a particular track.

b. In many cases, the wheel loads from an engine (either Army-owned or from the commercial carrier)
will represent the heaviest single load on the track. However, the number of wheels from loaded cars will

2-3



CEMP-E TI 850-02
AFMAN 32-1125(])
1 MARCH 2000

typically far exceed the number of locomotive wheels over much of the track, and it is therefore the
magnitude of the car wheel load that should govern in most cases. In either case, both loading conditions
must be checked before final design.

c. The design wheel load is usually obtained by taking the static wheel load for the heaviest commonly
used car and adding a factor to account for the dynamic affects of travel speed combined with track and
wheel irregularities.

d. Table 2-2 lists suggested design wheel loads for planning purposes. To use the table, select the car
type in the first column that most closely matches the heaviest car in common use over the track. For
terminal areas and around an installation, where speeds will usually be limited to 10 mph, select the
design wheel load in the column labeled “<= 10 mph.” For track connecting the installation with the
commercial carrier where train speed will likely exceed 10 mph, use the column labeled “10-25 mph.” For
track mostly used by an engine during switching, or where mostly empty cars will be stored, or that will
otherwise see only occasional use, select from the column labeled “Light Use.”

Table 2-2. Common Car Types and Design Wheel Loads

Design Wheel Load
Most Common Heavy Car 10-25 mph <= 10 mph Light Use
Box, 40T 20,000 Ib 17,600 Ib 16,000 Ib
Box, 50T 26,250 Ib 23,100 Ib 21,000 Ib
Box, 70T 34,375 |b 30,250 Ib 27,500 Ib
Flat, 40T 17,500 Ib 15,400 Ib 14,000 Ib
Flat, 50 T 23,750 Ib 20,900 Ib 19,000 Ib
Flat, 80T (6-axle) 23,750 Ib 20,900 Ib 19,000 Ib
Flat, 100T (6-axle) 32,500 Ib 28,600 Ib 26,000 Ib
Flat, 140T (6-axle) 38,750 Ib 34,100 Ib 31,000 Ib
COFC, 70T 30,000 Ib 26,400 Ib 24,000 Ib
COFC-Double Stack 50,000 Ib 44,000 Ib 40,000 Ib
TOFC, 70T 30,000 Ib 26,400 Ib 24,000 Ib
Gondola, 40T High Side 18,750 Ib 16,500 Ib 15,000 Ib
Gondola, 50T 22,500 Ib 19,800 Ib 18,000 Ib
Tank, 7500 gallon 16,250 Ib 14,300 Ib 13,000 Ib
Tank, 10,000 gallon 22,500 Ib 19,800 Ib 18,000 Ib
Tank, 20,000 gallon 36,250 Ib 31,900 Ib 29,000 Ib
Hopper, 50T 21,250 Ib 18,700 Ib 17,000 Ib
Hopper, 70T 30,000 Ib 26,400 Ib 24,000 Ib
Hopper, 100T (263 K) 41,125 |b 36,190 Ib 32,900 Ib
Hopper, 120T (286 K) 44,750 Ib 39,380 Ib 35,800 Ib
Hopper, 125T (315 K) 49,250 Ib 43,340 Ib 39,400 Ib
Locomotive, EMD GP-7 or 9 37,500 Ib 33,000 Ib 30,000 Ib
Locomotive, EMD SW-8 31,250 Ib 27,500 Ib 25,000 Ib
Locomotive, DAV-BES 80T 25,000 Ib 22,000 Ib 20,000 Ib
Locomotive, GE 65T 20,000 Ib 17,600 Ib 16,000 Ib
Locomotive, GE 40T 13,750 Ib 12,100 Ib 11,000 Ib
Locomotive, GE 25T 31,250 Ib 27,500 Ib 25,000 Ib
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5. LOCOMOTIVE TRACTIVE EFFORT.

a. Definition. When designing a railroad route, it is necessary to know how much pulling force a
locomotive is capable of exerting. This pulling force is known as tractive effort. Tractive effort is
maximum at starting and diminishes as speed increases.

b. Application. Locomotive tractive effort, along with the route gradient and curvature, will largely
determine how many cars can be pulled over the route in a single train. From another perspective,
locomotive tractive effort and minimum desired train size may determine the maximum grade and
curvature tolerable on a given route.

c. Tractive Effort Data. Tractive effort data (or graphs) are often available for both military and
commercial locomotives. When not readily obtainable, the data can be estimated from the locomotive
weight and engine horsepower rating. This procedure is covered in chapter 3, paragraph 5.

6. TRAFFIC AND TERMINALS. Once the traffic handling requirements have been identified, as
described in chapter 2, paragraphs 1 to 3, the process of designing the terminal and support facilities can
begin. The number and size (or length) of the required facilities and serving trackage is based on these
traffic requirements. Chapter 8 covers planning and design for terminals.

7. SOURCES FOR TRAFFIC INFORMATION. Information about traffic types, car types, and volume,
and mobilization requirements should be obtained from the Installation Transportation Officer (ITO) and
from the installation Transportation System Capability Study prepared by the Transportation Engineering
Agency of the Military Traffic Management Command (MTTE-SEF).
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CHAPTER 3
ESTABLISHING ROUTE PROFILE AND ALIGNMENT SPECIFICATIONS

1. INTRODUCTION.

a. The procedures outlined in this chapter (along with information on locomotive propulsion force,
desired train capacity, propulsion resistances, and train operating requirements) can be used to select the
maximum grade and curvature and minimum transitions between grades and reverse curves.

b. Initially, these specifications should be treated only as guidelines, as analyses of route topography
may require changes to keep construction costs within acceptable limits. Typically, the information and
procedures described in this chapter will be used iteratively with those in chapter 4 until a suitable
compromise is reached.

c. Appendix B gives a sample problem illustrating the determination of a ruling grade.

d. The specifications listed in this chapter are primarily for main running tracks. Chapter 8 gives
additional profile and alignment specifications for terminal areas. Paragraphs 2 and 3 of chapter 6 detail
field layout of horizontal and vertical curves.

2. GRADES AND GRADE RESISTANCE

a. Definition. Railroad grades are designated by the amount of elevation change in 100 ft of length,
expressed in percent. The additional force required to move a train, due to the presence of a grade, is
known as grade resistance. Grade resistance equals 20 Ib for each ton of train weight and percent of
grade. Thus, it takes twice the force to pull a train up a 2-percent grade as it does a 1-percent grade. For
this reason, the choice of maximum gradient (the rate of elevation change on a particular grade) can have
a great effect on operations over a route.

b. Ruling Grade. When a particular grade limits train size (tonnage) and speed over a route, that grade
is known as the ruling grade. The ruling grade is not always the steepest grade, as a train’s momentum
may help carry it over a grade steeper, but shorter, than the ruling grade.

c. Grade Design Categories. Table 3-1 lists grade design categories for main running tracks.
Table 3-1. Grade Design Categories for Main Running Tracks

Grade Description

0.0t0 0.4 % Light

0.41t01.0% Moderate

1.0t0 2.0 % Steep

15% Suggested Limit for Ruling Grades
2.0t03.0% Very Steep: To be avoided if possible
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3. ROUTE PROFILE AND TRANSITIONS BETWEEN GRADES.

a. Profile and Grade Length. A route’s profile is characterized by the steepness of grades and changes
in grade along the route. Train operations are enhanced by avoiding frequent changes between
ascending and descending grades (a rolling profile). Route design and construction are often simplified
by avoiding frequent changes in grade steepness. Table 3-2 shows recommended minimum grade
lengths.

Table 3-2. Recommended Minimum Grade Lengths

Between Different Ascending or Between Ascending and
Maximum Speed Descending Grades Descending Grades
15 MPH or Less 500 Feet 1000 Feet
Above 15 MPH 1000 Feet 1500 Feet

b. Transitions between Grades.

(1) Transitions between grades are made with vertical curves. These transitions are necessary for
smooth train operation, but they increase the amount of surveying and staking required and are more
difficult to construct than uniform grades.

(2) Design guidance for grade transitions is given in paragraph 2b of chapter 7.
4. CURVATURE, CURVE RESISTANCE, AND EFFECTIVE GRADE.

a. Minimizing Curvature. In general, sharper curves require more maintenance than gradual curves;
they experience more rail side wear and gage widening. They also create more propulsion resistance.
Thus, long term benefits are gained by minimizing curvature in a route.

b. Curve Design Categories. Table 3-3 shows curve design categories for main running tracks.
Table 3-3. Curve Design Categories for Main Running Tracks

Degree of Curve Design Category
0-3 Gradual.
3-6 Moderate.
4 Preferred limit, especially where speeds will exceed 15 MPH.
6-8 Sharp.
8 Maximum allowable where speeds may exceed 10 MPH.
10 Maximum allowable where speeds will not exceed 10 MPH.

c. Combining Curves. When designing a route, changes in direction should be accomplished as
uniformly as possible, avoiding a series of curves connected by short tangents. Where the distance
between adjacent curves (of the same direction) is less than 300 ft, try to combine the two curves into one
long curve of smaller degree (see figure 3-1). Combining closely spaced curves usually provides
advantages of less design work, easier construction, and reduced long-term track maintenance.

3-2



CEMP-E TI 850-02
AFMAN 32-1125(])
1 MARCH 2000

Prefemed Alignment
(Single Curve

—— m—
—_—

ISR

Figure 3-1. Combining Curves

d. Curve Resistance. Curvature adds to propulsion resistance at an average rate of 0.8 Ib for each ton
of train weight for each degree of curve. As a 1-percent grade adds resistance of 20 Ib per ton, a one-
degree curve is then equivalent (in resistance) to 0.04-percent grade.

e. Curve Compensation.

(1) When laying out a route, the additional resistance due to curvature must be accounted for in the
design. This procedure is known as curve compensation. Compensating a grade for curvature is almost
always required for ruling grades, and is recommended for grades in moderate and higher categories.
(Curve compensation is sometimes omitted where curves are very short or of gradual degree).

(2) Where curve compensation is needed, grades on curved track will be reduced by the following:

G, =0.04xD Eq. 31

G, = Amount of grade reduction (percent).
D = Degree of curvature (decimal degrees).

(a) Actual and Effective Grade. Table 3-4 illustrates curve compensation for a 1-percent grade. As
shown, if a train travels around a long curve of 4 degrees on a 1-percent grade (uncompensated), the
combined resistance is equal to a 1.16-percent grade. To maintain an effective grade (as experienced by
the train) of 1-percent, the actual grade constructed through the 4-degree curve must be limited to 0.84-
percent. Since the actual grade is reduced, compensating for curvature requires a longer track length to
reach a given elevation.
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Table 3-4. Curve Compensation for a 1 Percent Grade

Uncompensated Grade Compensated Grade
Degree of Curve Actual Effective Actual Effective

1 1.00 1.04 0.96 1.00
2 1.00 1.08 0.92 1.00
3 1.00 1.12 0.88 1.00
4 1.00 1.16 0.84 1.00
5 1.00 1.20 0.80 1.00
6 1.00 1.24 0.76 1.00

5. LOCOMOTIVE TONNAGE RATING.

a. Definition. The maximum weight of train that a locomotive is capable of pulling over a route is known
as its tonnage rating. Tonnage ratings are affected by many factors, but locomotive tractive effort and
ruling gradient are among the most important.

b. Application of the Procedures. The procedures for estimating locomotive tractive effort and tonnage
ratings presented below are simplified versions intended for route design purposes. They are not
intended to be used for the actual make-up and dispatching of trains.

(1) Tonnage Requirements, Locomotive Assignments, and their Effect on Route Design.

(2) The route must be designed to allow trains of sufficient size to travel over the finished line.
Maximum train size is determined primarily from usable locomotive tractive effort and the gradients and
curvature along the line.

(3) Designers must verify tonnage requirements with the appropriate transportation officers, as well
as understand the general operating plan for routine traffic, training exercises, and mobilization.

(4) On military railroads where government owned and operated engines are used, these engines
might handle all routine traffic, but during training exercises or mobilization, a commercial engine may be
expected to handle over-the-road operations, while the installation’s engine takes care of switching and
short moves. Another option, when installations have more than one engine, is to use two engines for
maximum tonnage trains when such single train movements are required. Thus, in addition to tonnage
requirements, plans for locomotive use must also be known.

c. Determining Locomotive Tractive Effort.

(1) Locomotive Capability. When tractive effort curves are available for the locomotives to be used
on the line, tonnage ratings should be based on these curves. Otherwise, tractive effort may be
sufficiently estimated with the expressions in table 3-5.

3-4



CEMP-E TI 850-02
AFMAN 32-1125(])
1 MARCH 2000

Table 3-5. Estimating Locomotive Tractive Effort

Speed Range Tractive Effort
Starting to 10 MPH TE =30 x HP
Over 10 MPH TE=300xHP/V

TE = Tractive Effort (in pounds)
HP = Locomotive Rated Engine Horsepower
V = Traveling Speed (MPH)

(2) Adhesion Limit. Regardless of locomotive power, usable tractive effort is always limited by wheel-
rail adhesion. For design purposes, usable locomotive tractive effort should not exceed W/4, where W is
the weight of the locomotive in pounds.

d. Determining Tonnage Rating.

(1) While tonnage ratings are commonly given in gross trailing tons (total weight of cars and loads), a
convenient practice is to express tonnage ratings as the number of loaded cars a locomotive can pull,
using an average or representative car and load for estimating purposes. This can be done using
equation 3-2, along with table 3-6 for selecting design car gross weight based on the nominal car carrying
capacity.

Neas = TE Eq 3-1
[3+(20" %G)] W,

Ncars = Number of cars locomotive can pull.

TE = Usable locomotive tractive effort at desired speed (Ib).

%G = Maximum ascending gradient long enough to contain the whole train (percent).

Wg = Gross weight of representative car (tons), from table 3-7.

The constants 3 and 20 in equation 3-2 indicate that an average car has a rolling resistance of 3 Ib for
each ton of its gross weight and that all equipment requires 20 Ib to lift each ton of weight up each
percent of grade. Any curvature on the maximum grade is assumed to be grade compensated, as

described in paragraph 4 of chapter 3.

G = TE
20 [ Weng + (Ncars ’ Wg )]

- 0.15 Eq 3-2
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Table 3-6. Design Gross Car Weights

Nominal Car Capacity 70 80 90 100 120 140
(tons)
Design Gross Weight 105 115 125 135 160 190
(tons)

Note: 140-ton cars (nominal capacity) are representative of those carrying 2 M1 Tanks.

(2) For field check, car capacity is normally stenciled on the side of each car in pounds, labeled
CAPY. For example, the marking on a 70-ton car would appear as: CAPY 140000.

6. TRIAL RULING GRADE.

a. A trial percentage for the ruling grade can be determined for guiding the first stages of route
selection, using equation 3-3. (The 0.15 constant in the equation indicates that the average rolling
resistance for each car is equivalent to pulling the car up an additional 0.15-percent grade).

= TE .

G - 2O(WEng"’NcarsX\Ng) 015 Eq 3_3
G = Effective ruling gradient (percent), where the grade length is equal or greater than train
length.
TE = Usable locomotive tractive effort (pounds).
WEng = Weight of Engine(s) (tons).
Ncars = Number of cars in train.
Wg = Average gross weight of a car (tons).

b. All curvature within the limits of the ruling grade should be grade compensated, as described in
paragraph 4 of chapter 3.

c. A ruling grade that is steeper, but shorter, than the calculated ruling grade can also be used as long
as the total train resistance of the cars on the grade and the cars off the grade does not exceed usable
locomotive tractive force.
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CHAPTER 4
ROUTE SELECTION

1. INTRODUCTION.

a. This chapter describes the process of selecting the route for the track connecting the terminal
facilities with the commercial railroad serving the installation.

b. The location process begins by roughly defining potential routes or areas through which a railroad
might practically run. Additional and more detailed information is then collected, and the route
alternatives are gradually reduced until the final route is chosen. Before this process begins, the initial
location and orientation of terminal facilities (as described in chapter 8) should be completed.

c. The ideal route is usually the one that:
(1) Is shortest in length.
(2) Has the lowest grades.
(3) Has the least curvature.
(4) Costs the least to build.
(5) Most conveniently serves the installation and all terminal areas, as well as connecting carriers.
(6) Causes the least interference with other activities and modes of transportation.
(7) Is environmentally compatible with adjacent land use.
(8) Provides reliability for use in all weather conditions.

d. Since the above-listed objectives often conflict, the engineer’s job is to determine the appropriate
compromises that will produce the best route under the circumstances % the one that best meets all
objectives.

e. If initial line locations prove unsatisfactory in some important aspect, it may be desirable to look for a
different terminal location or to re-orient a terminal so that the line can serve it from a different direction.

f. Throughout the route selection process, it is essential to have good maps (including contour maps) of
the area through which the railroad may run. If not currently available, these should be obtained as the
first step.
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2. ESTABLISHING CONTROL POINTS AND POTENTIAL CORRIDORS.

a. Control points serve to limit location alternatives. They represent places through which the railroad
must pass or would ideally pass.

b. The most obvious control points are end points: the terminals and the connections with the
commercial railroad. Intermediate control points may be established by facilities or geographic features
that must be avoided, such as firing ranges, areas that cannot be drained well, or environmentally
sensitive areas. Control points can also be places that offer significant construction and operating
advantages, such as narrow or shallow river crossings and areas with naturally good drainage.

c. After control points are marked on contour or aerial maps, approximate boundaries of potential route
corridors are sketched. More control points, and other information needed to define a specific route, are
identified during the next stage (reconnaissance).

3. RECONNAISSANCE.

a. The reconnaissance is a quick examination of a wide strip of land between control points % the strip
representing rough boundaries of a potential line location. Several routes (or alternatives for portions of a
route) may be examined.

b. The purpose of a reconnaissance is to identify routes that might allow the easiest construction effort
consistent with the purpose and requirements of the railroad.

c. Contour maps, aerial photographs, and previous survey information are good sources to use during
the reconnaissance. A small set of maps and diagrams (with control points and potential routes
identified) is convenient for field use. The information gathered during the reconnaissance can then be
transferred to larger maps and computer files back in the office.

d. The reconnaissance may be done by any means appropriate for the terrain and distances to be
covered: walking, driving, or from the air. Generally, take note of terrain features and anything that might
affect route location and construction. Look especially for:

(1) Landmarks for referencing the location.

(2) Additional control points.

(3) Areas of potentially easy or difficult construction.

(4) Roads and utility lines to be crossed.

(5) Waterways or ravines to be crossed. (Estimate length and height of bridges).
(6) Drainage paths.

(7) Soil conditions and geological features.
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(8) Vegetation type and density.

(9) Potential for future additions to the railroad (as per the Installation Master Plan).
(10) Wetlands and other environmentally sensitive areas.

(11) Snowfall and exposure to drifting snow.

e. Snow conditions along the proposed routes should be observed for at least one winter to identify
locations where drifts form. Winter aerial photographs may also be helpful for this purpose. Sites
downwind of frozen lakes should be avoided unless there is adequate room between the shore and the
roadway to install snow fences.

f. After the reconnaissance has been completed, prepare maps showing all control points and potential
alternative routes. Then, make general comparisons between the routes with respect to length, grades,
curvature, relative amount of earthwork and drainage work required, bridge work, special construction
requirements, and potential operating advantages and disadvantages.

g. If sufficient information is available at this point, recommend the best route; otherwise, prioritize the
routes. Also note any special requirements for the initial survey.

4. INITIAL SURVEY.

a. The objective of the initial survey is to obtain sufficient information to allow preparation of initial
earthwork and construction estimates and to establish a location for the track and drainage paths on
maps back at the office. When the route choice is clear from the reconnaissance, the initial and final
surveys are often combined.

b. The initial survey is done by approximating the routes as a series of tangents, taking elevations and
cross section data at selected intervals (perhaps every 100 to 250 ft) along the route. Generally, where
terrain is fairly uniform, the longer survey intervals can be used. Elevations and cross section data should
also be taken at points representing a rapid change in terrain or at other points of special interest that
may be useful to aid construction estimating. All useful landmarks should also be tied into the survey.
Stakes need to be driven in sufficient number to clearly show the survey centerline - about every 200 to
400 ft.

c. For cross sections (nearby elevations at right angles to the route), simply take elevations at points
that will show the shape of the adjacent terrain - local peaks, low points, and other points of special
interest. The width of the required cross section will be dictated by the character of the terrain, right-of-
way ownership, and distance needed to show local drainage and topographical features. It is not
necessary for cross sections to be of equal distance on each side of the route centerline or of equal width
at each station along the route.

d. Where terrain is open (and easily accessible) cross section data is often taken from 300 to 500 ft on
each side of the route centerline. In areas where the route location is fairly well defined, cross sections
may be much narrower; sometimes only a 50-ft wide strip is needed. The situation should govern the
choice of width.
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e. When approaching points where a change in direction will occur, it will often prove useful to take an
extra wide cross section on the inside of the angle, as a curve must eventually connect the two tangents
through this area.

f. During the initial survey, be sure to take sufficient information to establish drainage paths on both
sides of the track. Also note paths that drain runoff into the right-of-way as well as outlets where water
can exit the right-of-way to nearby streams, drop inlets, or other runoff channels.

5. TRIAL LOCATION.

a. Trial location is the process of determining potentially practical routes (trial routes) through a
particular area. The objective of trial location is to produce the best combination of tangents, curves, and
grades for the routes surveyed. This is done by combining survey information with design and economic
guidelines, operating requirements, and engineering judgment. During this process, many factors must
be weighed and prioritized, and conflicting objectives must be balanced.

b. After the first trial routes are located, construction estimates are made. Then, the location (of the
track or drainage path) is usually modified in an attempt to reduce construction cost (while still
maintaining satisfactory operating characteristics) or to improve operating characteristics (while keeping
construction costs at a reasonable level). Adjustments are made to each route until the most satisfactory
set of compromises has been produced.

c. For track through an installation or in a terminal area, this process can usually be simplified and done
with fewer iterations. Likewise, the construction estimates might be done only once.

d. Trial location begins by lightly sketching the boundaries of the initial survey on a contour map. The
first trial route drawn through this strip is often done by minimizing grades, or in flatter territory, by
minimizing the number of curves needed. As with the initial survey, the route begins as a series of
connected tangents, with curves chosen and drawn in later.

e. After the route is sketched, a profile is drawn. The elevations of the railroad come from the
elevations of end and intermediate points and the different grades chosen between these points. The
elevations of existing ground level are obtained by approximating the point where the route would pass
through each cross section taken in the initial survey. When an initial survey is not done, the ground
elevations are taken from the points where the route crosses map contours.

f. With the trial routes drawn, earthwork and construction estimates are made using standard
procedures. At this stage, embankment and cut widths and slope angles may be estimated using the
typical roadway cross sections in chapter 6, paragraph 1. If one route does not yet appear clearly
superior, an additional iteration of modifications and analysis may be needed to produce the final location.

6. FINAL LOCATION.

a. To finalize the route selection, modifications may be made to the trial routes in an attempt to even cut
and fill amounts in adjacent areas or to reduce the total earthwork and grading required.
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b. Where grades or curvature exceed the most desirable limits, the routes should be modified, if

feasible, to reduce these. The criteria listed in chapter 4, paragraph 1, should also be reviewed for each
trial route.
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CHAPTER 5
REHABILITATION: TRACK, BRIDGES, AND TERMINALS

1. DEFINITION AND APPLICATION.

a. As used here, “rehabilitation” refers to work that falls between routine maintenance and new
construction. It is often categorized as repair, minor construction, or a combination of the two.
Rehabilitation involves restoring facilities to a “like new” condition and/or upgrading existing facilities to
current design standards or installation requirements.

b. During the planning process, current and future installation requirements should first be clearly
established. If subsequent investigations and analyses show that existing facilities could meet installation
requirements through improving their condition and/or minor modifications, then rehabilitation is an
appropriate option.

2. INSTALLATION REQUIREMENTS AND FACILITY EVALUATION.

a. Installation traffic and load carrying requirements should be reviewed, as described in chapter 2.
Then, structural and operational requirements should be checked according to the criteria in chapters 6,
7, and 8.

b. The purpose of evaluations should be to determine whether the track and facilities meet installation
(mission) requirements, and if not, in what respect they are deficient. These determinations are made
through condition, structural, and operational evaluations.

3. CONDITION EVALUATION.

a. Level of Detail Required. Condition evaluations may occur in three stages or levels, depending on
the size and scope of the project:

(1) At the first stage, a quick condition assessment may be appropriate, based on recent inspection
reports and inventory information and a brief field survey. This assessment may be used to establish a
general need for rehabilitation.

(2) The second stage may be an evaluation for developing a rehabilitation plan. This information will
be sufficiently detailed to determine what work needs to be done at which locations, and to develop cost
estimates for planning and budgeting purposes.

(3) At the third level, exact work requirements, quantities, and locations are determined for final
contract plans and specifications.

b. Track.

(1) Track condition evaluation should be based on the criteria given in Army TM 5-628/Air Force
Regulation 91-44 as well as other major rehabilitation requirements. The evaluation should also allow for
major deficiencies that are likely to occur within the next 3 to 5 years if rehabilitation is not performed.
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(2) Current track deficiencies should be recorded on a field report form. Figure 5-1 shows an
example of the type of turnout inspection information commonly collected. Other available forms,

designed for routine maintenance requirements, may be used if convenient.
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Figure 5-1. Example Turnout Inspection Information
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(3) If records of an internal rail inspection are more than 3 years old, a new inspection should be
made before the rehabilitation plan is completed.

(4) Allturnouts in the track intended for rehabilitation should receive a thorough inspection, including
operating the points.

c. Bridges.

(1) Railroad rehabilitation plans will include a condition assessment of the bridges on any line to be
rehabilitated. This assessment may come from the last annual inspection, if that inspection is less than 6
months old. Otherwise, a new condition assessment will be done.

(2) If atriennial inspection is due within 6 months for any bridge on a line to be rehabilitated, the
triennial inspection and load rating (per chapter 5, paragraph 4) will be done as part of the rehabilitation
plan.

(3) If the last annual inspection indicates any significant change in condition of a main bridge member
since the previous load rating was done, at least the included span (or spans) of the bridge will be
thoroughly inspected and load rated (per chapter 5, paragraph 4) as part of the rehabilitation plan.

d. Terminal and Support Facilities. The condition of all terminal and support facilities should also be
evaluated. This evaluation may be done and reported separately from the track evaluation.

4. STRUCTURAL EVALUATION.

a. To determine current load carrying capacity, a structural evaluation will be performed for all track,
bridges, loading ramps, and other structures needed for railroad and terminal operations.

b. Track structural evaluation should be done using the computer program described in appendix C.
c. Bridges.

(1) The load-carrying capability of a railroad line is often determined by the design capacity and
present condition of the bridges along the route.

(2) All bridges that have not been thoroughly inspected and load rated within the previous three years
will be examined and rated by a practicing railroad bridge engineer. The rating will be done in
accordance with the AREMA manual for timber bridges, concrete bridges, and steel bridges.

(3) Most military railroad bridges are of conventional timber design, built to an E60 rating. If these
bridges are in very good condition, this capacity is sufficient for typical military traffic levels, including
handling of 140-ton heavy equipment flatcars.

(4) By the AREMA rating guidelines, the in-service rating for bridges in very good condition may
actually exceed their design rating.

(5) Additional material on bridge design ratings is found in chapter 7, paragraph 2.
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5. OPERATIONAL EVALUATION.

a. To determine general suitability for mission requirements, an operational evaluation will be performed
on track and facilities. This evaluation should begin with a check of track and facility capability as well as
basic geometric requirements, including:

(1) Number of loading and service tracks, along with usable car capacity of each.

(2) Car capacity of storage, yard, and auxiliary tracks.

(3) Clearances.

(4) Loading ramp height, width, and ramp angle.

(5) Size of parking and staging areas.

(6) Size of storage buildings in terminal areas.

(7) Track geometry.

(8) Maximum track curvature.

(9) Minimum turnout size.

(10) Protection and visibility at road crossings.
b. For terminals, the adequacy of lighting, service roads, and security features should be evaluated.
c. For all track and facilities, adequacy of drainage should be checked.
d. Previous derailment sites and chronic problem areas should be included in the evaluation.

6. THE REHABILITATION PLAN.

a. Purpose and Content. The rehabilitation plan is used, in part, to justify the need for the
recommended work. Thus, it should demonstrate a thoughtful analysis of the existing facilities combined
with a clear understanding of mission requirements. The plan should include:

(1) Statement of installation (mission) requirements.
(2) Description of track and facilities and their current condition.

(3) Statement of deficiencies, based on condition, structural, and operational evaluations.
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(4) A work plan of remedial actions to correct deficiencies, including an explanation of why the
proposed actions were chosen over other alternatives.

(5) Cost estimates for each item in the work plan. Each of these items is discussed below. Appendix
C contains an example track rehabilitation report; a similar format would also be used for bridges and
terminal and support facilities. Appendix C presents realistic rehabilitation requirements and illustrates
how track rehabilitation is commonly done. This plan, and particularly the sequential description of work,
should be studied and used as a guide in preparing track rehabilitation plans.

b. Mission Requirements. These are the current and expected future needs for regular traffic, training
exercises, and mobilization, including amount and type of cargo, number and type of railroad cars to be
handled, and terminal and support facilities requirements.

c. Description of Track, Bridges, and Facilities.

(1) This includes a written description of facilities and their condition, along with track maps and
photographs.

(2) If not previously done, each track, bridge, and turnout should be assigned a unique number (or
other designation). Each track should be marked with standard surveyor’s stationing to help determine
work and material quantities (from track lengths) and work locations, and to provide permanent reference
location marks for future track inspections. In general, track stationing should start with 0+00 at the point
of the switch where the track branches from the main track, or for a main track, at the point where
government ownership begins (at the connection with the serving commercial carrier).

d. Deficiencies List and Analysis. This section should include a description of the major deficiencies
found and an explanation of how these conditions interfere with, or prevent, the facilities from effectively
supporting the required mission. As part of this explanation, a comparison of the existing facilities to
recommended design criteria can be useful. Photographs should also be included to help document
deficiencies.

e. Work Plan.

(1) The work plan includes a listing of recommended remedial actions for correcting deficiencies,
along with a list of the intended work limits. This section of the rehabilitation plan should also clarify why
these actions were chosen, and where appropriate, what advantages and benefits they have over other
alternatives. For example, when a structural analysis indicates the need for a heavier rail section,
eliminating the lighter rail often allows the installation to standardize with only one or two rail sections,
thus requiring fewer sections to be kept for maintenance requirements and perhaps eliminating a section
for which joint bars (or additional pieces of rail) are hard to find.

(2) If the rehabilitation plan will also serve for final plans and contract specifications, then the work
plan must include all details of work to be done.

(3) Where appropriate, plans should also allow for the elimination of unneeded track, the possibility of
re-using track materials elsewhere within the installation (where traffic and structural requirements are
lower), and the cost-effective sale, transfer (to another installation), or disposal of scrap and salvageable
materials.
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(4) For rehabilitation, track should be regaged if the existing gage is less than 56-1/4 in. or greater
than 57 in.

f. Cost Estimates. For plans for major rehabilitation, cost estimates are usually based on costing the
major work items, with extra allowances for minor work at other locations and additional minor work within
the major work locations or work categories. When the rehabilitation plan is done in one stage, the cost
estimates must also serve for the contract plans and specifications. In this case, the cost estimate
breakdown must be more detailed.

7. FINAL PLANS AND SPECIFICATIONS.

a. Detailed Work Plan. For final (contract) plans and specifications, all work must be spelled out in
detail. If not previously done, thorough inspections should be conducted for all included facilities to
assure correctness of work requirements, work locations, and work and material quantities.

b. Marking Parts to be Replaced. At this time, all ties, rail, joint bars, bridge members, and other
components intended for replacement should be individually marked, as well as the limits for all work
locations. When marking defective parts, especially ties, bridge members, switch points, and frogs, those
items that are in marginal condition (less than 3 to 5 years additional life) should also be included (and
marked) for replacement.

c. Top-of-Rail Profiles.

(1) When ballast is added to the track, and the track is to be raised by 3 in. or more, top-of-rail
profiles (elevations along the top of the rail at 50 to 200-ft intervals) should be taken so the final surface
can be checked. These profiles will also help in estimating ballast quantities; this is especially useful if
existing track surface is poor, as many low areas will likely need to be raised more than average to
restore a smooth final surface.

(2) Initial top-of-rail profiles may be useful for track along loading docks to ensure proper car floor
height at the dock.

(3) Top-of-rail profiles should be taken wherever overhead clearances are tight.

d. Drainage Profiles and Cross Sections. Before final plans and estimates are made, ditch profiles and
cross sections should be taken to determine final ditch gradients and check earthwork quantities. These
profiles are also needed to specify the exact work to be done and to guide the contractor’s work in the
field.

e. Handling Scrap and Salvage Materials.

(1) Rehabilitation contracts and specifications should require that scrap rail and other track materials
be neatly stacked and/or bundled in a designated storage area for later disposal. Likewise, salvageable
rail and OTM should be separated by type and weight, stacked or containerized, and stored in a
designated area for reuse by the installation or shipment to another installation.
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(2) If scrap materials are to be retained by the contractor, a cost credit for the amount of scrap should
be received by the government. This cost credit should equal the fair scrap value less a small amount for
handling and transporting the material.

8. CONSTRUCTION AND ON-SITE INSPECTION.

a. Quality on-site inspection, during all remedial work, is an essential element for a successful track
rehabilitation. While such inspection is certainly no substitute for professionally done track work, it is an
effective means of assuring that all work is, in fact, performed according to the contract specifications.

b. On-site inspection during rehabilitation work can discover deficiencies or errors that would be difficult
to detect during a completion inspection, or expensive to correct if discovered only after work was
completed. Such items include:

(1) Was all excess vegetation removed before ballast was unloaded?

(2) Where track in crossings was to be completely rebuilt, was the old ballast completely stripped?
Was the subgrade properly graded? Was drainage fabric installed? Were all new ties installed?

(3) Did the track actually receive a full 3-in. raise (or were the rough spots just smoothed out)?

(4) Was every tie tamped/? Did each tie get two insertions by the tamper? Did joint ties (on the joint
side only) get an additional (third) insertion? Likewise, correcting the following items after the work has
been done would be difficult, at best:

(a) Tie and ballast material not as specified in the contract.

(b) Old, fouled ballast in shoulders not fully plowed out before new ballast was unloaded.
(c) Culvert improperly positioned, or site not graded properly before culvert was installed.
(d) Defective concrete or insufficient reinforcing in loading ramp.

c. Itis recommended that the work be inspected by the same people who did the design and
specifications.
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CHAPTER 6
TRACK AND ROADWAY DESIGN

1. ROADWAY.

a. Definition. The roadway (also called right-of-way) is the strip of land containing the track, ditches,
and other facilities needed for the operation of the railroad.

b. Roadway Width. The roadway must be wide enough to accommodate the track, side ditches,
portions of embankment or cut slopes, parallel service roads, and other structures and facilities necessary
for the operation of the railroad. The roadway must also allow sufficient clearances between the track
and adjacent structures, as covered in chapter 6, paragraph 4. Figures 6-1 through 6-7 indicate the width
required for the basic track structure.

& — 6" MIN
1/4"(2'4~1/4"
TOP OF TIE
TIE
BALLAST 3 3
(TYPICAL) (TYPICAL) 11
SEE NOTES 1 AND 2 COMPACTED SUBGRADE 1" TYP. —-| 1 l—_

cut MIN.

20" MIN.

TYPICAL SECTION
NOT TO SCALE

NOTES:

1. DEPTH OF BALLAST TO BE USED WILL DEPEND ON SUBGRADE STRENGTH, TRAFFIC
DENSITY, AND WHEEL LOADS. USE RECOMMENDED STRUCTURAL ANALYSIS TO
DETERMINE APPROPRIATE DEPTH FOR EACH SITE.

2. MINIMUM BALLAST THICKNESS IS 8 INCHES BELOW BOTTOM OF TIE.
3. CUT OR FILL ACCORDING TO LOCAL CONITIONS.

Figure 6-1. Typical Cross Section - Tangent Track
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SUB BALLAST

COMPACTED
SUBGRADE

20" MIN,

TYPICAL SECTION
NOT TO SCALE

NOTES:

1. DEPTH OF BALLAST SECTICN WILL DEPEND ON SUBGRADE STRENGTH, TRAFFIC DENSITY,
AND WHEEL LOADS. USE RECOMMENDED STRUCTURAL ANALYSIS TO DETERMINE

APPROPRIATE DEPTH FOR EACH SITE.
2. MINIMUM THICKNESS OF BALLAST/SUBBALLAST IS 10 INCHES BELOW BOTTOM OF TIE

3. THICKNESS OF BALLAST AND SUBBALLAST MAY BE VARIED TO OBTAIN BEST STRUCTURAL
AND ECONOMIC DESIGN WHILE MEETING MINIMUM THICKNESS REOUIREMENTS.

4. CUT OR FILL ACCORDING TO LOCAL CONDITIONS.

Figure 6-2. Typical Cross Section With Sub-ballast Layer - Tangent Track
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NOTES:

1. DEPTH OF BALLAST SECTION WILL DEPEND ON SUBGRADE STRENGTH, TRAFFIC DENSITY,
AND WHEEL LOADS. USE RECOMMENDED STRUCTURAL ANALYSIS TO DETERMINE
APPROPRIATE DEPTH FOR EACH SITE.

2. MINIMUM THICKNESS OF BALLAST IS 8 INCHES BELOW THE BOTTOM OF THE TIE AT THE
INSIDE RAIL OF THE CURVE.

3. ON CURVES OF & DEGREES OR GREATER A BALLAST SHOULDER WIDTH OF 8 INCHES
SHOULD BE USED.

4. CUT AND FILL ACCORDING TO LOCAL CONDITIONS.

Figure 6-3. Typical Cross Section - Curved Track
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NOTES:

1. DEPTH OF BALLST SECTION WILL DEPEND ON SUBGRADE STRENGTH, TRAFFIC DENSITY,

AND WHEEL LOADS.
APPROPRIATE DEPTH FOR EACH SITE.

USE RECOMMENDED STRUCTURAL ANALYSIS TO DETERMINE

MINIMUM THICKNESS OF BALLAST/SUBBALLAST IS 10 INCHES BELOW BOTTOM OF TIE.

THICKNESS OF BALLAST AND SUBBALLAST MAY BE VARIED TO OBTAIN BEST
STRUCTURAL AND ECONOMIC DESIGN WHILE MEETING MINIMUM THICKNESS

REQUIREMENTS.

4. ON CURVES OF 6 DEGREES OR GREATER A BALLAST SHOULDER WIDTH OF

8 INCHES SHOULD BE USED.

5. CUT OR FILL ACCORDING TO LOCAL CONDITIONS,

Figure 6-4. Typical Cross Section With Sub-ballast Layer - Curved Track
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NOTES:

1.

DEPTH OF BALLST SECTION WILL DEPEND ON SUBGRADE STRENGTH, TRAFFIC DENSITY,

AND WHEEL LOADS. USE RECOMMENDED STRUCTURAL ANALYSIS TO DETERMINE

APPROPRIATE DEPTH FOR EACH SITE.

TO BE USED ONLY WHERE A SERVICE ROAD IS REQUIRED. SERVICE ROAD TURN

AROUND REQUIRED EVERY 2,000 FEET.

SUBBALLAST WILL BE A MINIMUM OF 4 INCHES DEEP AND COMPACTED AT LEAST
90% OF THE CE 55 MAXIMUM DRY DENSITY.

CUT AND FILL ACCORDING TO LOCAL CONDITIONS.

Figure 6-5. Typical Cross Section - Track with Adjacent Service Road
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1.

TYPICAL SECTION
NOT TO SCALE

NOTES:

OEPTH OF BALLAST SECTION WILL DEPEND ON SUBGRADE STRENGTH, TRAFFIC DENSITY,
AND WHEEL LOADS. USE RECOMMENDED STRUCTURAL ANALYSIS TO DETERMINE
APPROPRIATE DEPTH FOR EACH SITE.

MINIMUM THICKNESS OF BALLAST/SUBBALLAST IS 10 INCHES BELOW THE BOTTOM
OF TIE AT THE INSIDE RAIL OF THE CURVE WITH AREA GRADATION 5:
12" MINIMUM THICKNESS WITH AREA GRADATIONS 4 AND 4A.

GEOTEXTILE TO MEET THE REQUIREMENTS OF CEGS 02274.
GEOTEXTILE INSTALLATION ON CURVES WILL BE SIMILAR.

Figure 6-6. Typical Cross Section - Track with Geotextile
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NOTES:
1

DEPTH OF BALLAST SECTION WILL DEPEND ON SUBGRADE STRENGTH, TRAFFIC DENSITY,
AND WHEEL LOADS. USE RECOMMENDED STRUCTURAL ANALYSIS TO DETERMINE
APPROPRIATE DEPTH FOR EACH SITE.

MINIMUM THICKNESS OF BALLAST/SUBBALLAST IS 10 INCHES BELOW BOTTOM OF TIE AT THE
INSIDE RAIL OF THE CURVE WITH AREA GRADATION 5: 12" MINIMUM DEPTH WITH AREA
GRADATIONS 4 AND 4A,

THICKNESS OF BALLAST AND SUBBALLAST MAY BE VARIED TO OBTAIN BEST
STRUCTURAL AND ECONOMIC DESIGN WHILE MEETING MINIMUM THICKNESS
REQUIREMENTS,

GEOTEXTILES TO MEET THE REQUIREMENTS OF CEGS-02274.

GEOTEXTILE INSTALLATION ON CURVES WILL BE SIMILAR.

Figure 6-7. Typical Cross Section with Sub-ballast Layer - Track with Geotextile

c. Snow Allowance. In areas with heavy snowfall, additional roadway width (or ditch width) may be
useful to provide sufficient room for snow plowed from the track.
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2. GRADES AND TRACK PROFILE.

a. Grades. Chapter 3 gives gradient criteria for main running tracks. Chapter 8 gives gradient criteria
for terminal areas.

b. Vertical Curves. Vertical curves are required as a transition between different grades. Transition
rates are different for summits and sags. Here, summit refers to a convex curve where an ascending
grade changes to a flatter grade, where a descending grade changes to a steeper grade, or where an
ascending grade changes to a descending grade. Sags are concave curves that occur where an
ascending grade changes to steeper grade, where a descending grade changes to flatter grade, or where
a descending grade changes to an ascending grade. (Note: It is best to avoid locating turnouts in vertical
curves). Table 6-1 shows recommended transition rates between grades. The length of track required
for these transitions is determined from equation 6-1.

L=5"52 100 Eq 6-1
Table 6-1. Recommended Transition Rates Between Grades on Main Running Tracks

Summits Sags Operating Application

0.1 0.05 Average rate where speeds will exceed 15 MPH and right-of-way length is
ample.

0.2 0.1 Average rate where speeds will not exceed 15 MPH or where transition length
is limited.

0.3 0.15 Maximum rate where speeds will exceed 15 MPH.

0.4 0.2 Maximum rate where speeds will not exceed 15 MPH.

Notes: (1) Figures in table are given as percent change in grade per 100 feet of track length.

c. Track Profile. On either main running tracks or terminal tracks, a rolling profile (frequent changes in
gradient) in the roadbed or in the final track surface (top of rail elevation) is undesirable. The criteria in
table 3-2 should be followed to maintain an acceptably smooth track profile.

d. For auxiliary tracks, gradient criteria given in chapter 8, paragraph 3 may be used.
L =  Length of track required for vertical curve (ft).

G1 and G2 =  Slope of the two adjacent grades (percent), where ascending grades have a positive
value and descending grades have a negative value.

r = Rate of change in grade in 100 ft. (For main running tracks, use table 6-1. For
terminal tracks, also see chapter 8, paragraph 3).

3. HORIZONTAL CURVES.

a. Definition. Railroads are laid out with circular curves using the chord definition. Curvature is
measured in degrees, as indicated in equation 6-2.
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D =
R Eq 6-2
D = Degree of curve (decimal degrees).

R = Radius of curve (feet).
b. Design Criteria.

(1) Design categories for curves on main running tracks are shown in table 3-3; for terminals, also
use chapter 8, paragraph 3.

(2) During the design of major track rehabilitation projects, it is recommended that, where practical,
existing curvature above 10 degrees for main running tracks and 12 degrees in terminal areas be reduced
below these limits.

c. Minimum Tangent Length between Reverse Curves. When curves of different directions immediately
follow each other (reverse curves) there must be a length of tangent track between the two curves to
avoid train operating difficulties. The minimum tangent lengths between reverse curves are:

Degree of Curve Minimum Tangent Length
0-6 60 ft
6-12 100 ft

d. Super-elevation.

(1) For either new design or major rehabilitation, the outer rail in curves should be elevated above the
inner rail by the amount shown in table 6-2. Designs should not call for a combination of speed and
curvature that fall below the bottom-stepped ledger line in the table.

(2) Full super-elevation must be provided around the entire curve. For curves with 1-in. super-
elevation, that elevation may be run out (transitioned back to level) in 40 ft of tangent at the beginning and
end of the curve. Where super-elevation is more than 1-in., spirals will be provided at each end of the
curve.

e. Spirals.

(1) When used, spiral transition curves will be designed as shown in chapter 5, part 3 of the AREMA
Manual. Super-elevation will uniformly increase from zero at the beginning of the spiral (at the tangent) to
the full elevation at the end of the spiral (where full curvature is reached).
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Degree of Design Operating Speed (mph)
Curvature 10 | 15 | 20| 25 | =20 35 40
0.5 NO SUPERELEVATION 1.0
1.0 REQUIRED 1.0 1.0 1.0
1.5 1.0 1.0 1.5 1.5
2.0 1.0 1.0 15 2.0 2.0
2.5 1.0 1.5 1.5 2.0 2.5
3.0 1.0 1.0 15 2.0 25 3.0
35 1.0 1.0 1.5 2.0 2.5 3.0
4.0 1.0 1.0 1.0 15 2.0 3.0 3.5
4.5 1.0 1.0 1.5 2.0 2.5 3.5 4.0
5.0 1.0 1.0 15 2.0 3.0 4.0
5.5 1.0 1.0 15 2.0 3.0
6.0 1.0 1.0 15 2.0 3.0
6.5 1.0 15 2.0 25
7.0 1.0 15 2.0 25
7.5 1.0 1.5 2.0
8.0 1.0 15 2.0
8.5 1.0
9.0 1.0
9.5 1.0
10.0 1.0
10.5 10 DO NOT DESIGN FOR OPERATION IN THIS RANGE
11.0 1.0
115 1.0
12.0 1.0
Note: Table entries are superelevation in inches.

(2) Spiral length will be determined from equation 6-3.

Lg = Length of spiral (feet).

S = Full super-elevation (inches).

L, =40xS

6-7
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f. Increase in Gage on Very Sharp Curves. Where curves of 12 degrees or more cannot be avoided,
finished track gage will be as follows:

Curvature Range Track Gage
(degrees) (in.)

12 to 14 56-5/8

14 to 16 56-3/4

4. CLEARANCES.

a. Clearances will be Checked. For either new construction or rehabilitation work, the location and
position of all tracks will be checked for proper clearances before the final design is prepared and after
construction is complete. Allowances will be provided for future track surfacing (adding ballast and
raising track) and for small changes in alignment during maintenance.

b. Recommended Minimum. Minimum clearances are shown in figure 6-8 and table 6-3. Vertical
clearances are measured from the top of the rail, and horizontal clearances are measured from the center
line of track.
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33’ Overhead Wires (Exceeding 15,000 Volts)

30" Overhead Wires (750 to 15,000 Volts)

28" Overhead Wires (Incl. 750 Volts or less)

Miscellaneous Overhead

Obstructions where

Conditions Require Less

l=— Track Centerline

A

Overhead Bridges ond
Other Obstructions

Than 23'-0 \
: Building
6 —0" [Entronces
Canopies— —_— — — L —
80"
I Railroad Bridges
5 | Buildings
_Ol c|’ I Signs
0 © Iﬁo?ls?, dStﬁc{(ed Icmd
ildings——= v A | o allete aterials
Buildings 9-0 q 9-0 | Parked Vehicles
% l
© VA
Freight Platforms - 8-0 !
-—Lj—_— 8-0" | I
o= 1 6'=2" |
1™
- e
M L—TI—'I 5-0 I
Refrigerator f llPIone Across

Platforms

Note: Protect vertical clearances less than 23 feet and side
clearances less than 9'—0" (other than track appurtenances)
by an approved type of warning device.

8" ZLow Platforms €

Top of Rail

Figure 6-8. Clearance Diagram for Tangent Track

Table 6-3. Overhead and Side Clearances for Tangent Track

Vertical Clearances (from top of rail)

Required Clearance

Overhead wires: (open supply, arc wires, service drops)

0 to 750 volts

28 ft

750 to 15000 volts 30 ft
Exceeding 15000 volts 33 ft

Other overhead wires 28 ft
Building entrances (including engine-houses) 18 ft
Overhead bridges 23 ft
Other overhead obstructions 23 ft
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Table 6-3 (continued)
Side Clearances (from track center) Required Clearance
Buildings 9 ft
Buildings without platforms requiring delivery of materials 8 ft
Platforms:
Freight platforms up to 4' maximum height 6ft-2in
Refrigerator car platforms up to 3' - 3" 6ft-2in
Refrigerator car platforms 3' - 3" to 4' high 8 ft
Low platforms (less than 8" high) 5 ft
Engine-house entrances 7 ft
Building entrances (other than engine-house) 8 ft
Canopies over platforms (canopy height < = 18') 8 ft
Fences, retaining walls, utility poles, and other obstructions 9 ft
Bridges 9 ft
Signs 9 ft
All loose, palleted, and stacked materials 9 ft
Parked vehicles 9 ft
Note: In curves, side clearances will be increased 1% in. per degree of curvature.

c. State Requirements. Each State has legal requirements for railroad clearances. These are
summarized in a table in chapter 28, paragraph 3.6 of the AREMA Manual. Where a State requires
greater clearances than shown in figure 6-8 or table 6-3, the State requirement will be met.

d. Curved Track. For each degree of curvature, side clearances will be increased 1-1/2 in. over that
required in figure 6-8 and table 6-3. When an obstruction is located adjacent to tangent track, but the
track begins to curve within 80 ft of the obstruction, the side clearances shall be increased by the

amounts shown in table 6-4.

Table 6-4. Clearance increases Adjacent to Curved Track

Distance from Obstruction Increase in Clearance

to Curved Track (ft) Per Degree of Curvature (in.)
0-20 1-1/2

21-40 1-1/8

41 - 60 3/4

61— 80 3/8

e. Minimum Track Centers. The recommended minimum distance between the center lines of adjacent
tracks is given in table 6-5. Where M1 tanks are handled, increase track center spacing by 1 ft.
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Table 6-5. Track Center Distances

Minimum Distance
Between Between Center lines (ft)
Main tracks 15
Siding or yard track and main 15
Yard or storage tracks 14 (15 if space permits)

f. Clearance Points at Turnouts, Ladder Tracks, and Crossings.

(1) Figure 6-9 shows how to determine the location of clearance points at turnouts, ladder tracks, and
rail crossings. As no car or piece of equipment may be left standing on a track with any part of it
extending past the clearance point (toward the track junction), the clearance point will determine the

usable length of sidings, loading, yard, and storage tracks.

(2) Clearance points will be marked by a 12-in. yellow bar painted on both sides of the rail base.

(3) If derails are used, they must be set to derail equipment before it reaches the clearance point.

Clearance marks - 12 inches long,
painted on both sides
of each rail.

Limits of
minimum
clearance

CROSSINGS

Parked Car

Centerlines of parraliel

tracks spaced at limit of
minimum clearance. Clear
distance between loaded

cars must never be less than 3'.

PARRALLEL OR

Note: Where M1 tanks are handled,
increase track center spacing LADDER TRACKS

by an additional 1 toot.

CONVERGING TRACKS

Figure 6-9. Location of Clearance Points
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5. TRACK STRUCTURE.

a. Design Objective. Among its various functions, the track system serves to distribute the large,
concentrated wheel loads longitudinally, laterally, and vertically away from the wheel contact area on the
rail surface. A well designed, constructed, and maintained track will distribute the loads in a relatively
uniform fashion, with each component supporting its share of the load. The role of the designer is to

select a track structure (or changes to an existing track) so that the intended wheel loads will be properly
supported, without overstressing any of the four main track system components: rail, ties, ballast, and
subgrade.

b. Load Distribution. As figure 6-10 shows, when a wheel is centered over a tie, the tie directly beneath
the load will generally carry less than half of that wheel load, with the remainder supported by two ties on
either side. Beneath the wheel, the pressures are distributed (reduced) approximately as shown in figure
6-11. With a wheel-rail contact area of about ¥ sq in., stresses are reduced from 60,000 psi at the top of
the rail to about 10 psi at the depth of the subgrade surface. While the actual load and pressure
distributions will vary with wheel load, track design, and track condition, the two figures illustrate a realistic
case for good track.

30,000 LB

Wheel
Load

10% 20% 40% 20%  10%

3,000 LB 6000 LB 6,000 LB 3,000 LB
12000 LB

Figure 6-10. Example Load Distribution along the Track
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Wheel Load
(30,000 Ibs)
60,000 psi
Rail
. 300 psi
—Tie Plate .
200 psi
Tie
= N 40 psi
¥  Ballast
10 psi
Subgrade

Figure 6-11. Example Vertical Pressure Reduction through the Track

c. Behavior under Load. It is important to note that, while track construction is relatively simple, its
behavior under load is not. An improvement (or increase in strength) in one track component may cause
an increased load on another. It is not uncommon for an improvement (or increase in strength) of one
track component to cause an increased load on another.

6. TRACK DESIGN METHODS.

a. Computer Program Available. A computer program for basic track structure design, called TRACK, is
available through the PCASE Internet Site (http://pavement.wes.army.mil/pcase.html) or the Army
Transportation Systems Center (CENWO-ED-TX). Its use is recommended.

b. Manual Design Procedure. If computer programs are not accessible or if a computer is unavailable,
the design procedure in paragraph 7 may be used as an alternative. A disadvantage of this method,
however, is that very little data exists to correlate the value of track modulus with the properties of
individual rail support components: ties, ballast, and subgrade.

7. AREMA DESIGN PROCEDURE (1995-MODIFIED).
a. Applying the AREMA Method to Military Track.

(1) The AREMA method leaves several choices and judgments open to designers, to be set
according to situation and policy. And like most AREMA criteria, the method is also oriented toward those
commercial lines that carry medium to heavy traffic volumes (more than 10 million gross tons per year)
and operate at medium or higher speeds (more than 40 mph).

6-13



CEMP-E TI 850-02
AFMAN 32-1125(])
1 MARCH 2000

(2) The guidance below is based on recognizing that most military track operates at relatively low
traffic volumes (less than 5 million gross tons per year) and at relatively low speeds (less than 25 mph),
and uses jointed, rather than continuously welded, rail.

(3) For unusual cases where yearly traffic frequencies are expected to exceed 5 million gross tons,
designers may follow the method directly from chapter 16 of the AREMA Manual.

b. Basis for Design.

(1) The AREMA track design method is based on extensive field and laboratory testing conducted
between 1914 and 1940. The committee supervising the tests and evaluations was led by Professor
Arthur Talbot of the University of lllinois, whose name is often used when referring to the tests and
findings.

(2) One of the Talbot Committee’s findings was that, when subject to a large number of load
repetitions (“millions of groups of car wheels”), the greater the vertical rail deflection under those loads,
the faster the track condition deteriorated. From the data and observations collected, the AREMA then
developed a track design method based on limiting or controlling vertical rail deflection.

(3) Figure 6-12 illustrates the general relationship between track deflection and track performance
over long time periods. The design criteria in this section are based on limiting the deflection of main
running tracks to 0.3 in. and of auxiliary, storage, spur, and light use tracks to 0.4 in.

i i |
0.0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 040 045 0.50
Maximum Track Deflection Under Load (inches)

Range Long Term Track Performance

A e Excessively stiff track.

B -----eeeeee Track of heavier construction which will hoid up well under
large traffic volumes (> 15 MGT).

C ---—-- Track suitable for lower traffic volumes (<15 MGT).

D ---emee- Sidings and other auxiliary tracks on low traffic lines.

E ----eoeme- Track which will deteriorate quickly: only suitable for occasional

movements with cars less than 100 tons capacity.

Note: Deflections do not include any play or looseness between track
components

Figure 6-12. Maximum Track Deflection and Long-Term Track Performance.
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(4) The AREMA track design method uses the beam-on-elastic-foundation model. In this model, the
track has two components: the beam, which is the rail, and the elastic foundation, which represents
everything below the rail combined. The basic expression in the model relates three main variables: the
load on the rail, the stiffness of the track system, and the amount of vertical rail deflection, as shown in
equation 6-4.

-k
(64 Elu®)**® Eq 6.4
Y = vertical rail deflection at a point (inches).
P = applied wheel load (including contributions from adjacent wheels) (Ib).
El = stiffness of the rail, where:

E = modulus of elasticity for steel (30 x 106 psi).
I = vertical moment of inertia of the rail section (inches“).

u = stiffness of rail support, or track modulus (psi).

In this equation, El represents the stiffness of the “beam” and u the stiffness of the “elastic foundation.”
c. Design Load and Wheel Spacing.

(1) Select the design wheel load from table 2-2, based on the most common, heaviest car expected
to travel over the track.

(2) Figure 6-13 shows the two most common wheel configurations. Most cars have two-axle trucks
and the design wheel configuration is that in drawing (a), with an average 75-in. wheel spacing. The 140-
ton series flat cars (for carrying M-1 tanks and other heavy vehicles) and some 100-ton flat cars have 3-
axle trucks; their design wheel configuration is that in drawing (b), with 66-in. wheel spacing.
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[ enen }

)

A. Cars with 2—axle trucks

B.

Cars with 3—axle trucks

Figure 6-13. Design Wheel Configurations

(3) The track is evaluated assuming that a wheel is centered over a tie, with an adjacent wheel on
either side contributing to the loads, deflections, and stresses ¥ as occurs when two cars are coupled
together. Referring to figure 6-13(a), the maximum tie, ballast, and subgrade loads will occur under
wheels one and four (counting from the left), while the maximum rail bending stress will occur at wheels
two and three. For the wheel configuration in figure 6-13(b), the maximum tie, ballast, and subgrade
loads will occur under wheels two and five, while the maximum rail bending stress will occur at wheels

three and four.

(4) The effect of wheels farther than 100 in. from the design wheel is negligible.

d. Select Trial Track Modulus (u). The track modulus values listed in table 6-6 are suggested starting
points for design. In the table, track type “main” refers to main running tracks, while “auxiliary” includes

sidings, wyes, loading, spur, storage, interchange, and light use tracks.

Table 6-6. Suggested Design Track Modulus Values

Design Wheel Load Range (1,000's of pounds)
Track Type 20 -25 25-30 30-35 35-40 40 - 45 45 - 50
Main 1500 1800 2000 2300 2600 2900
Auxiliary 1200 1300 1500 1700 2000 2200
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. Select Rail Size.

(1) Use equation 6-5 to determine a minimum rail weight:
21200

(- 55)@)+67

= Weight of rail (Ib/yd)
= Design wheel load (Ib)
= Impact factor, where:

= 1, where design operating speed is 25 mph or less.

W, =315 -

5)
1120

= 1.4, where design operating speed is more than 25 mph.
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Eq 6-5

(2) Select a rail section from table 6-7 of equal or greater weight than calculated above.

Table 6-7. Rail Sections

Moment of Inertia: Section Modulus to
Rail Section I inches?) Base: Z, (inches®)
100 ARA-B 41.3 15.7
112 RE 65.5 21.8
115 RE 65.6 22.0
130 RE 77.4 255
132 RE 88.2 27.6
133 RE 86.0 27.0
136 RE 954 28.4

f. Determine Moment and Loading Coefficients.

(1) The moment and loading coefficients account for the affects of wheels adjacent to the design
wheel. Adjacent wheels reduce rail moment and increase tie, ballast, and subgrade load.

(2) Calculate X1 using equation 6-6. (X1 should normally range between 28 and 40):

X, =82 4{/;:

Vertical moment of inertia of rail section (in.4).

Stiffness of rail support, or track modulus (psi).

6-17

Distance from design wheel load to point of zero bending moment (inches).

Eq 6-6
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(3) Determine coefficients C,,, and C as follows:

(a) For most design situations, and for cars with either 2-axle or 3-axle trucks, the rail moment
coefficient (Cm) can be taken as 0.8.

(b) The load coefficient Cd can be taken from the following:

X1 = 28 30 32 34 36 38 40
Design 66 124 | 1.30 136 | 144 | 154 | 162 | 170
Wheel Spacing 75: 1.08 1.15 1.22 130 | 1.36 1.42 1.50

g. Check Rail Bending Stress. Use equation 6-7 to check that rail bending stress is less than 32,000:
_(0.318P,C,, X,)

f Eq 6-7
0 Z, q
fo= Maximum flexural stress (psi).
Pq=  Dynamic (design) wheel load (Ib) from table 2-2.
Cyn= Moment coefficient.
X1 = Distance from wheel load to point of zero bending moment (inches).
Z,=  Section modulus of rail base, from table 6-7 (cu in.).
h. Ties and Tie Spacing.
(1) Choose a trial tie spacing and calculate the maximum rail seat load using equation 6-8:
_0.39P,C,; S
LA
1 Eq 6-8

dp=  Maximum rail seat load (Ib).
Pq=  Dynamic (design) wheel load (Ib) from table 2-2.
Cq= Load coefficient for adjacent wheels.

= Tie spacing (inches).

X1 = Distance from wheel load to point of zero bending moment (inches).

(2) Selecttie size, either 6-in. x 8-in. x 8.5 ft, or 7-in. x 9-in. x 8.5 f;.
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(3) Check tie bending stress using equation 6-9a or 6-9b, and f; = 1100 psi as a suggested limit:

For 6 x8 Ties :f, =% Eq 6-9a
29
For 7 x9 Ties :f, =% Eq 6-9b
52
fi = Flexural stress on underside of tie below rail seat (psi).

do=  Maximum rail seat load (Ib).

(4) Iff;> 1100, choose a larger tie size or decrease tie spacing.

i. Ballast and Subgrade.

(1) Determine ballast surface stress from equation 6-10, with p,, = 65 psi as a suggested limit:

Prm =%
A Eq 6-10

Py, = Ballast surface stress (psi).

dp = Maximum rail seat load (Ib).

Ay, = Effective bearing area of % tie on ballast (sq in.).

For 6 x 8 ties, A, = 270.

For 7 x 9 ties, A = 312.
(2) If p,, exceeds 65 psi, choose a larger tie and/or decrease tie spacing.

(3) Select design subgrade bearing capacity (p;) according to results of soil tests or other data. (In

the absence of other guidance, the design bearing capacity for cohesive soils may be the same as the
unconfined compressive strength).
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(4) Determine ballast depth from equation 6-11:
,0.74
E%opm- 109
Pc g
2.54

Eq 6-11

h = Ballast depth in inches.

Py, = Ballast surface stress (psi).

pc = Design subgrade bearing capacity (psi).
8. SUBGRADE.

a. Subgrade Stability and Track Performance. The subgrade is the prepared earth on which the
railroad ballast section and track structure are built. If the subgrade does not have sufficient stability, it
will be impossible to maintain proper track alignment, profile (surface), and cross level.

b. Soil Investigation. Prior to initial design of the track structure, a geotechnical investigation should be
performed along the proposed alignment to determine soil type, strength, bearing capacity, location of
groundwater tables, natural water content, and compaction characteristics. Additional geotechnical
borings, laboratory testing, and engineering analysis will be required in areas where bridges or other
special structures are to be constructed. Chapter 1, part 1 of the AREMA Manual provides
recommendations for geotechnical investigations.

c. Design of Cuts and Fills and Subgrade Preparation. Chapter 1, part 2 of the AREMA Manual
provides recommendations for design of cuts and fills and subgrade preparation. Table 1.2.5 of the
AREMA Manual indicates soils types and their suitability as railroad subgrades.

d. Track Structure Design Bearing Capacity - Cohesive Soils. For cohesive soils, and for track
expected to carry the usual military traffic level of less than 5 million gross tons per year, design bearing
capacity for the track structure may be set at the soil's unconfined compressive strength at its natural
water content. For unusual cases, where annual traffic volumes are projected at higher than 5 million
gross tons, 80 percent of the unconfined compressive strength may be used as the design bearing
capacity.

e. Soil Stabilization. Information on the use of soil stabilization and the design and construction of soil
stabilized subgrades is presented in TM 5-822-14/AFMAN 1019. Especially in frost areas, soil stabilizers
should be used with caution and only after intensive laboratory testing, including a frost susceptibility test
and a freeze-thaw durability test.

9. FROST DESIGN MODIFICATIONS.

a. Frost Heave Conditions. Frost heaving is the rising of the soil due to the growth of ice lenses or ice
segregation during freezing. There are three basic conditions that must be present for ice segregation to
occur: a frost susceptible soil, a source of water, and freezing temperatures. A change in any of the three
conditions will affect the amount of heave.
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b. Identifying Frost Susceptible Soils. For design purposes, the potential for ice segregation is often
expressed as a function of grain (or particle) size. Most organic, non-uniform soils containing 3 percent or
more by weight of particles smaller than 0.02 mm are considered frost susceptible. Gravel, well graded
sands and silty sands (especially those approaching the theoretical maximum density curve) that contain
1.5 to 3 percent of particles smaller than 0.02 mm should be considered possibly frost susceptible and
subject to laboratory frost-susceptibility tests. Considerable ice segregation can be expected in uniform
sandy soils with greater than 10 percent smaller than 0.02 mm. Figure 6-14 illustrates a method for
determining the frost susceptibility of soils.

Frost
Susceptibility
Classifications
300 T T T — T T T
| (® Graveily SAND, SW Clayey
NN SILTS
Very High Cloyey GRAVEL, GW-GC iLTS MLCL
(© GRAVEL, GM-GC ]
10.01 (D) Lean CLAY, CL ]
- —
High - | ]
>}
g L .
E
€
Medium | o Sandy
2 llleraver
] GP B
S
Low s
4
@ b -
gor ]
s Gravelly and -
Very Low | & - Sondy CLAYS Fat b
B cL cLay 7]
CH 1
Negligible
o ] L 1 Lada
°'|04 | 10 100
Percentage by weight finer than 0.02 mm
€. Summary Envelopes
Gravelly Soils S
Sondy Soils s2
Gravelly Solls iR il [ r2 ] F3
SANDS (Except very fine silty SANDS) F2 | F3
Very fine silty SANDS Fq
All SILTS —————— E 4
CLAYS (PI>12) *———F3
CLAYS (PI<12),varved CLAYS ond other fine-grained banded sedi F4

Figure 6-14. General Method for Determining the Frost Susceptibility of Soils

c. Water Source. Usually, the water source will be an underlying groundwater table, a perched aquifer,
or infiltration from the overlying layers.

d. Frost Depth. Future track maintenance costs are reduced if the design depth of frost below the top of
the ballast is at least 60 percent of the expected local frost depth. The expected frost depth should be
established using local records, experience or building practices. If these are unavailable, use the
procedures in TM5-852-6/AFP 88-19, chapter 6.

e. Alternate Fr