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FOREWORD

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.

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
sources:

Unified Facilities Criteria (UFC) Index http://65.204.17.188//report/doc_ufc.html.

USACE TECHINFO Internet site http://www.hnd.usace.army.mil/techinfo/index.htm.
NAVFAC Engineering Innovation and Criteria Office Internet site http:/criteria.navfac.navy.mil.
Construction Criteria Base (CCB) system maintained by the National Institute of Building
Sciences at Internet site http://www.nibs.org/ccb.

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.

AUTHORIZED BY:

DONALD L. BASHAM, P.E. DR.[JAMES W WRIGHT \P.E.

Chief, Engineering and Construction Division Chiet Engineer

U.S. Army Corps of Engineers Naval Facilities Engineering Command
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CHAPTER 1

INTRODUCTION

1-1 PURPOSE AND SCOPE. This UFC is comprised of two sections.
Chapter 1 introduces this UFC and provides a listing of references to other Tri-Service
documents closely related to the subject. Appendix A contains the full text copy of the
previously released Military Handbook (MIL-HDBK) on this subject. This UFC serves as
criteria until such time as the full text UFC is developed from the MIL-HDBK and other
sources.

This UFC provides general criteria for the design of trackage.

Note that this document does not constitute a detailed technical design,
maintenance or operations manual, and is issued as a general guide to the
considerations associated with design of economical, efficient and environmentally
acceptable heating plants.

1-2 APPLICABILITY. This UFC applies to all Navy service elements and
Navy contractors; Army and Air Force service elements should use the appropriate
references cited in paragraph 1-3 below; all other DoD agencies may use either
document(s) unless explicitly directed otherwise.

1-2.1 GENERAL BUILDING REQUIREMENTS. All DoD facilities must comply
with UFC 1-200-01, Design: General Building Requirements. If any conflict occurs
between this UFC and UFC 1-200-01, the requirements of UFC 1-200-01 take
precedence.

1-2.2 SAFETY. All DoD facilities must comply with DODINST 6055.1 and
applicable Occupational Safety and Health Administration (OSHA) safety and health
standards.

NOTE: All NAVY projects, must comply with OPNAVINST 5100.23 (series), Navy
Occupational Safety and Health Program Manual. The most recent publication in this
series can be accessed at the NAVFAC Safety web site:
www.navfac.navy.mil/safety/pub.htm. If any conflict occurs between this UFC and
OPNAVINST 5100.23, the requirements of OPNAVINST 5100.23 take precedence.

1-2.3 FIRE PROTECTION. All DoD facilities must comply with UFC 3-600-01,
Design: Fire Protection Engineering for Facilities. If any conflict occurs between this
UFC and UFC 3-600-01, the requirements of UFC 3-600-01 take precedence.

1-2.4 ANTITERRORISM/FORCE PROTECTION. All DoD facilities must
comply with UFC 4-010-01, Design: DoD Minimum Antiterrorism Standards for
Buildings. If any conflict occurs between this UFC and UFC 4-010-01, the requirements
of UFC 4-010-01 take precedence.

1-3 REFERENCES. The following Tri-Service publications have valuable
information on the subject of this UFC. When the full text UFC is developed for this
1-1
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subject, applicable portions of these documents will be incorporated into the text. The
designer is encouraged to access and review these documents as well as the
references cited in Appendix A.

1.

US Army Corps of Engineers
Commander

USACE Publication Depot
ATTN: CEIM-IM-PD

2803 52nd Avenue
Hyattsville, MD 20781-1102
(301) 394-0081 fax: 0084

karl.abt@hg02.usace.army.mil

AFM 32-1046, Railroad Design and
Rehabilitation, 31 October 1995

USACE EM 1110-3-152, Railroads,
Mobilization and Construction, 09 April 1984
USACE TM 5-627, Maintenance of Trackage,
01 January 1980

http://www.usace.army.mil/inet/usace-docs/

USACE TM 5-628, Railroad Track Standards,
08 April 1991

USACE TL 1110-1-156, Railroad Track -
Design and Evaluation Computer Program for
Work Planning, 31 August 1993

1-1
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ABSTRACT

Design criteria are presented for use by qualified engineers in designing
naval facility trackage for both railroads and wi de gage portal cranes.
Criteria for railroad trackage include those for roadbeds, ballast, ties,
rails, track grade, turnouts, crossovers, highway crossings, sidings,

war ehouse trackage, track scales, and yards; those for portal crane trackage
cover rails, rail supports, turnouts, crossings, alignnent, conponents,
curves, and design procedures.
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FOREWORD

Thi s handbook is one of a series devel oped froman evaluation of facilities in
the shore establishnent, from surveys of the availability of new materials and
construction methods, and from sel ection of the best design practices of the
Naval Facilities Engi neering Command ( NAVFACENGCOM), ot her Governnent

agenci es, and the private sector. This handbook uses, to the naxi mum extent
feasible, national professional society, association, and institute standards
i n accordance with NAVFACENGCOM policy. Deviations fromthese criteria should
not be made without prior approval of NAVFACENGCOM Headquarters Code 04.

Desi gn cannot remmin static any nore than can the functions it serves or the
technol ogies it uses. Accordingly, reconendations for inprovenent are
encouraged fromw thin the Navy, other Government agencies, and the private
sector and shoul d be furnished on the DD Form 1426 provi ded inside the back
cover to Commanding Oficer, Naval Facilities Engineering Command, Code 04,
Northern Division, Building 77-Low, U S. Naval Base, Phil adel phia, PA 19112-
5094, phone (215) 897-6153.

DO NOT USE THI S HANDBOOK AS A REFERENCE DOCUMENT FOR PROCUREMENT OF FACI LI TIES
CONSTRUCTION. I T IS TO BE USED I N THE PURCHASE OF FACI LI TI ES ENG NEERI NG
STUDI ES AND DESI GNS ( PLANS, SPECI FI CATI ONS, AND COST ESTI MATES). DO NOT
REFERENCE IT IN M LI TARY OR FEDERAL SPECI FI CATI ONS OR OTHER PROCUREMENT
DOCUMENTS.
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CHAPTER 1. RAILROAD TRACKAGE
Section 1: SCOPE AND RELATED CRI TERI A

1.1 Scope. This chapter covers criteria for the design of nava
facility trackage. Included are roadways, ballast, ties, rails, track grade,

turnouts, crossovers, highway crossings, sidings, warehouse trackage, track
scal es, and yards. For portal crane trackage, see Chapter 2 of this handbook

1.2 Design Criteria Usage. The criteria presented herein are
applicable to the design of new trackage and for najor rehabilitations. Were
conditions will not permt their use prior approval is required from

NAVFACENGCOM Headquarters. Requirenments for maintenance, mnor repair, and
repl acement of existing trackage, which is being successfully used, are
presented in other appropriate NAVFAC Mai nt enance Manual s and instructions and
are not required to be in accordance with these design criteria.

1.3 Cancellation. This handbook, M L-HDBK-1005/6, dated 30 April 1992
cancel s and supersedes NAVFAC DM 5.6 dated Novenmber 1981

1.4 Additional Criteria. A list of criteria docunents related to Civi
Engi neering is presented in the front of this handbook. See M L-HDBK-1025/1,
Piers and Wharves for criteria on rail supports (deck fittings), wheel | oads,
and trackage | ocation and arrangenent on waterfront structures (deck structure
design). All documents referenced in this handbook are listed in the

Ref erences section | ocated at the end of this handbook. Unless specifically
stated otherw se, use the current editions of all referenced docunents.

1.5 Policy. When planning track layouts, railroad trackage shoul d be
separ at ed, wherever possible, fromportal crane trackage because, apart from
the simlarity of the rails, the requirenents for portal crane trackage are
conpletely different fromrailroad trackage

a) Where Separation is Possible. Provide separation to insure:
(1) Maximum efficiency of both types of trackage.
(2) Elinmnation of swi tching hazards.
(3) Free passage of rolling stock under cranes.

b) Where Separation is |Inpossible. Were both cranes and rolling

stock utilize a common rail, the other railroad rail shall be placed between
the crane rails.

1.6 Rai | road Trackage Standards. Standards in railroad trackage design
appear in:

a) American Railway Engi neering Association (AREA) Manual for

Rai | way Engi neeri ng;
b) AREA Portfolio of Trackwork Plans, (conpanion volune to AREA
Manual for Railway Engineering); and

c) Mlitary Standards (ML-STD) as listed. State and |oca
regul ati ons shoul d be observed where practicabl e.
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The AREA Manual is revised annually and the user shall refer to the current
edition, which can be verified by contacting the AREA at: 50 F Street, N W,
Washi ngton, D.C. 20001. Manual owners receive revision notices yearly. AREA
references in this chapter of M L-HDBK-1005/6 are keyed to the 1990 AREA
Manual

1.7 Railroad Car Curvature Standards. M ninum curvature negotiability
standards for railroad cars appear in Section 2.1, Design Data, Association of
Ameri can Railroads (AAR) - Mechanical Division, Specifications for Design
Fabrication and Construction of Freight Cars, Volume 1.

1.8 Federal Railroad Adninistration (FRA) Track Safety Standards. The
Code of Federal Regulations (CFR) Title 49 Part 213 - Track Safety Standards
prescribe m ni mum safety standards whi ch nmay be used by mai nt enance personnel
Under these standards tracks are classified as Class 1, 2, 3, 4, 5, or 6
wherein the maxi num al | owabl e speed linmits for freight and passenger trains
are assigned to each class. |If a segnent of track does not neet all the
conditional requirements for its intended class it is classified to the next

| owest class for which it does neet all the requirements. The FRA Track

Saf ety Standards "prescribes initial mininmmsafety requirenents for railroad
track" and shall be used for safety inspections only. They are not to be used
for design purposes or as construction inspection criteria.
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Section 2: ROADVWAY

2.1 Wdth. Provide a mnimm of 18 inches fromthe toe of the ball ast
to the edge of the finished grade. See AREA Manual, Chapter 1, Part 2,
Desi gn.

2.1.1 Cut Sections. Provide a minimumof 9 feet fromtrack centerline to
t he shoul der |i ne.

2.1.2 Fill Sections. Provide a mnimumof 11 feet fromtrack centerline
to the shoul der |ine.

2.1.3 M ni mum Cut Di nensions. Consideration is to be given to drainage
snow renmoval , debris renmoval, rock falls, and maintenance. See AREA Manual
Chapter 1, Part 1.2, Design.

2.2 Sl opes and Subgrade. Slope and subgrade criteria are as foll ows.
See AREA Manual , Chapter 1, Part 1, Roadbed.

2.2.1 Slope. Cut and fill slopes shall be designed according to a sl ope
stability analysis unl ess adequate | ocal experience has shown a particul ar
sl ope to be stable.

2.2.2 Subgrade. For subgrade criteria, see AREA Manual, Chapter 1, Part
1, Section 1.2.5, Roadbed and NAVFAC DM 7.1 Soil Mechanics and DM 7. 2
Foundations and Earth Structures. Subgrade cross slopes shall be 48

hori zontal to 1 vertical. The subgrade shall slope in one direction beneath a
single track and shall be crowned between tracks for nultiple tracks. In no
case shall the crown of the subgrade occur under the ties.

2.3 Geotextile Fabric. Wen the subgrade has a | arge ambunt of fines,
a geotextile fabric should be used between the subgrade and the ball ast.
Geotextile fabrics should be man nade and not bi odegradable. Geotextile
fabrics should be designed to provide tensile reinforcenments, filtration and
soi| separation. Typical properties and standards specified should include:

Fabric Wi ght

Thi ckness
ASTM D 1777
Grab Strength ASTM D 1682
El ongati on (Percentage) ASTM D 1682
Puncture Strength ASTM D 751
Burst Strength ASTM D 3786
Trapezoi d Tear Strength ASTM D 2261 or ASTM D 2262
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VWhen a geotextile fabric is used, there should be a m nimum of 12 inches of
bal | ast between the bottom of the ties and the fabric.

2.4 Drai nage. Water is a principal influence on soil stability in
roadbed, subgrade, and slopes. Control of surface and subsurface water is one
of the npst inportant factors in railroad design. For design guidance, see
AREA Manual , Chapter 1, Part 1, Section 1.2.4, Drainage; Part 3, Natura

WAt erways, Part 4, Culverts; NAVFAC M L- HDBK- 1005/2, Hydrol ogy; and M L- HDBK-
1005/ 3, Drainage Systens.

2.5 Monunments. Right-of-way nmonunents shoul d be reinforced concrete
posts (or simlar) 6 inches square, 4 feet long, and enbedded 3 feet in the
earth. The specification for nonuments fromthe Departnment of Transportation
in the state where the work is being done may be used where appropriate.
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Section 3: BALLAST AND SUB- BALLAST

3.1 Economics. Sel ect ballast and sub-ballast with due consideration
of cost and availability.

3.2 Specifications and Applications. See AREA Manual, Chapter 1, Part
2, Ballast, for material specifications. The following materials are
acceptable in order of quality as listed:

a) Crushed stone.
b) Crushed sl ag.

c) Prepared gravel
d) Pit run gravel

e) Cinders or other local materials may be used tenporarily or in
an emergency.

3.3 Depth. The conbi ned thickness of ballast and sub-ballast required
for a given axle | oad and subgrade strength should be determ ned on basis of
engi neering cal cul ati on and experience. For main running tracks, provide a
m ni mum of 12 inches of ballast under the ties and 6 inches of sub-ballast.
For all other |ocations, provide a mininumof 8 inches of ballast under the
ties and 6 inches of sub-ballast. The design strength of the subgrade shal
not be exceeded by the traffic |oad. See AREA Manual, Chapter 1, paragraph
1.2.5.4, Ballast Thickness. When a geotextile fabric is used between ball ast
or sub-ballast and the subgrade, there should be a m ni mum of 12 inches of
bal | ast between the bottom of the tie and the geotextile fabric.

3.4 Cross Section Di nensions. See AREA Manual, Chapter 1, Part 2
Bal | ast .
3.5 Shri nkage All owance. See AREA Manual, Chapter 1, Part 2.2,

Bal l ast. Use 12 to 15 percent Shrinkage Factor.
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Section 4: TIES

4.1 Specifications and Applications. Ties may be of wood, concrete, or
other material.

4.1.1 Wod Ties. Al wood ties shall conformto Federal Specification
MM T-371, Ties, Railroads, Wod (Cross and Switch) and have protective
treatment, conforming to Federal Specification TT-W571, Wod Preservation
Treating Practices.

4.1.2 Concrete Ties. See AREA Manual, Chapter 10.

4.1.3 Ties of Oher Materials. Consider other materials such as steel in
pl ace of wood or concrete ties when practicable.

4.2 Econonmic Service Life and Tests. See AREA Manual, Chapter 3, Part
3, Tie Tests and the Econonics of Service Life.

4.3 Handl i ng and Protection of Tinmber Ties. To prolong the life of
protected ties, specify the follow ng practices:

a) Use steel tie plates under the rails.
b) Treat all cut surfaces with preservative
c) Use care in handling with sharp-pointed tools to avoid damage.

d) Fill enpty spike or bolt holes by driving treated wooden pl ugs
into the holes. See AREA Manual, Chapter 3, Part 1.7, Tinber Cross Ties.
For additional information, refer to AREA Manual, Chapter 3, Part 5, The
Handl i ng of Ties Fromthe Tree into the Track

4.4 Di nensi ons. Use the foll ow ng di mensions:

4.4.1 Cross Ties. For running track, cross ties of 7 by 8 inches or 7 by
9 inches by 8 feet 6 inches |ong should be used. For yards and sidings, 6 by
8 inches by 8 feet 0 inches long may be used. See Federal Specification

MM T-371, Table I.

4.4.2 Tinber Switch Ties. Should be the same cross section as adjacent
cross ties. Each tie shall be of the length specified in AREA Portfolio of
Trackwork Pl ans. See AREA Manual, Chapter 3, Part 2, Tinber Switch Ties and
Federal Specification MWT-371

4.4.3 Bridge or Trestle Ties. Shall conformin spacing and length to the
bridge or trestle design. See AREA Manual, Chapter 7.

4.5 Tie Spacing. Use the follow ng spacing:
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4.5.1 Runni ng Track. Use 24 ties per 39-foot rail
4.5.2 Yards and Sidings. Use 20 ties per 39-foot rail
4.5.3 Swi tches and Crossovers. For switches and crossovers, foll ow AREA

Portfolio of Trackwork Pl ans.
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Section 5: TRACK

5.1 Rai| Specifications. Choose sections conform ng to AREA
recormended sections. Use 115 RE rail for new construction and maj or
rehabilitation projects unless quantities of |arger sizes are stockpiled. For
m nor replacenent or repair work match existing size rail where adequate.

5.1.1 Material. Rails shall be manufactured to specifications for
hydrogen elimnated standard rail steel as reconmended in the AREA Manual
Chapter 4, Rail, Part 2, Specifications.

5.1.2 Rail Drilling. Rails shall be drilled according to AREA Manual
Chapter 4, Rail, Part 1, Design, Table 1, Reconmrended Rail Drillings, Bar
Punchi ngs and Track Bolts, for new construction and nmajor rehabilitation
projects. For mnor replacenent or repair work, match existing where
adequat e.

5.1.3 Curved Rail. \Where conditions are such that curves of 20 degrees
(288-foot radius) or nore are absolutely necessary, rails should be pre-bent
to the design radius prior to installation.

5.2 Gage. For straight track and curves up to 12 degrees (478-foot
radi us) use a gage of 4 feet 8-1/2 inches neasured between the inside heads of
rail 5/8 inch belowthe top of rail. For curves greater than 12 degrees

(478-foot radius) wi den gage 1/8 inch for each additional 2 degrees (except
t hrough turnouts) to a maxi num al |l owabl e of 4 feet 9 inches. Gage tol erance
should be minus 1/4 inch to plus 3/16 inch.

5.3 Spi kes. Use 6-inch by 5/8-inch cut spikes confornmng to
specifications as reconmended in the AREA Manual for track spikes, including
0. 20 percent copper, soft-steel or high carbon, Chapter 5, Part 2.3, Spikes.
The smaller 5-1/2-inch by 9/16-inch cut spike may be used in sidings where 6
by 8-inch cross ties are used.

5.3.1 Hol es Bored for Spikes. For size, see AREA Manual, Chapter 3, Part
1.9, Tinmber Cross Ties.

5.3.2 Spi ke Quantities. Use two spikes per side per tie plate on tangent
track and curved track with not nore than 6 degrees of curvature (radius 955
feet or larger). On curved track with not nore than 6 degrees of curvature

t hat has sone superel evati on and heavy | oads operating at sl ow speeds use
three spi kes per side per tie plate. Use three spikes per side per tie plate
on curved track with nore than 6 degrees of curvature (radius 955 feet or

| ess). Use four spikes per side per tie plate where traffic, curvature,

speed, and superelevation indicate a need, with care being taken to mninze
"spike killing" of the tie (i.e., weakening of a tie where spike holes are too
cl ose together).
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5.4 Tie Plates. Use tie plates conforming to specifications for
hot - wor ked, hi gh-carbon steel tie plates including 0.20 percent copper. For
size and material, see AREA Manual, Chapter 5, Track, Part 1, Tie Pl ates.

5.5 Rail Joint Spacing. Rail joint spacing shall be provided to insure
space for expansion of the rail as specified in AREA Manual, Chapter 5, Part
5, Track Maintenance.

5.6 Rail Joint Bar. Use high carbon-steel, head-free, head-eased
sections as specified in AREA Manual, Chapter 4, Part 1, Design and Part 2,
Speci fications. For bar punching pattern and application, see AREA Manual
Chapter 4, Rail, Part 1, Design, Table 1, Recomrended Rail Drillings, Bar
Punchi ngs and Track Bolts.

5.7 Bolts and Nuts For Rail Joint Bar. Use oval neck, heat-treated,
carbon steel track bolts and carbon-steel nuts as specified i n AREA Manual
Chapter 4, Part 1, Design and Part 2, Specifications. For bolt size and
application, see AREA Manual, Chapter 4, Rail, Part 1, Design, Table 1,
Recomended Rail Drillings, Bar Punchings and Track Bolts.

5.8 Spring Washers. Use washers conforming to specifications as
recormended in the AREA Manual, Chapter 4, Part 2, Specifications for Spring
Washers.

5.9 Rai |l Anchors. Use a one-piece anchor. Anchors shall be used on
grades to restrain rail novenent in the predom nant direction of traffic and
to resist tenperature expansion. Anchors shall be applied in pairs on
opposite rails so that they both bear against either the tie or tie plate.
Anchors shall be uniformy distributed along the rail w thout application on
joint ties. See AREA Manual, Chapter 5, Part 5, Track Mintenance. For I|ight
density lines, a mnimm of 8 rail anchors per 39 foot section is recommended
per AREA Bulletin 709.

5.10 Rail Gage Rods. To prevent rail spread and overturning on curves
over 10 degrees (574-foot radius) adjustable gage rods (for standard or

wi dened gage) may be used. Gage rods shall not be used as a substitute for
conpetent ties.

5.11 Rail Braces. Use braces on rails subject to overturning and, if
required, on outside rails on curves of 16 degrees or nore (359-foot radius or
| ess).

5.12 Guardrails. Use guardrails as foll ows:

a) Opposite the frog point for protection, except for selfguarded
frogs.

b) \Where derailnment is likely.
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c) \ere derailment would be hazardous or costly, such as on steep
embankment s and bri dges.

5.12.1 Gaging. For gaging, See AREA Portfolio of Trackwork Pl ans, Plan
No. 791.
5.12.2 Material. Relay rail of the sane size as the running rail may be

used. Relay rail shall conformto the requirements of MIlitary Specification
M L-R-3911, Rail, Tee, Railway, Relayer Rail.

5.13 Track Construction. Use specifications as recomended in the AREA
Manual , Chapter 5, Part 4, Track Construction.

10
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Section 6: RUNNI NG TRACK GRADE AND ALI GNMENT

6.1 Gradient. Track gradients are deternmined by the cost of
construction versus the operating costs. Naval facility trackage is usually
|l ocated in level terrain where gradient problenms are non-existent or mininal.
Maxi mum desi gn gradi ents shoul d not exceed 3 percent conpensated. Steeper
gradients, only up to 5 percent conpensated, shall be approved by
NAVFACENGCOM |If a connecting railroad is to operate over Naval facilities,
di scussions with the railroad should take place during the design phase
regardi ng gradients. See AREA Manual, Chapter 16, Part 1

6.2 Curves. The type and character of equipment that nust negotiate
the curves, available right of way, desired operating speed and traffic
density shall be considered in deternmining track curvature. The chord
definition for curves shall apply for railroad track

6.2.1 Ruling Radii, Horizontal. For design of new tracks and for mmjor
track rehabilitation the maxi mum degree of curvature shall be 16 degrees (359-
foot radius). |If a tighter curve than 16 degrees (359-foot radius) is

requi red because of space limtations, prior approval nust be obtained from
NAVFACENGCOM Headquarters. Larger radii, especially |less than 10 degree
curves (574-foot radius), are desirable and every reasonable effort shall be
made to achi eve such radii. A spiral curve is desirable between tangents and
curves and between the different radii of conmpound curves on Class 3 or higher
tracks. Spirals shall be according to AREA Manual, Spiral Curves, Chapter 5,
Part 3. Curves should be designed in terns of degree of curvature, and should
be whol e degrees of curvature.

6.2.2 Reverse Curves. The nminimum all owed tangent di stance between
reverse curves, including crossovers, shall be according to the AREA Manual
Chapter 5, Part 3, Reverse Curves. The desirable tangent distance between
reverse curves in yards and term nals should be 100 feet or nore.

6.2.3 Vertical Curves. The maxi numrate of change should be 0.20 foot
per 100 feet in sag curves and 0.40 foot per 100 feet on sumit curves. For
tracks of |esser inportance, such as sidings, rates of change can be

relatively large but not greater than practical considerations will permt.
6.3 Super el evation. Superelevation is generally not required on tracks
used at | ow speeds, i.e., in yards and sidings. \Where required,

superel evati on shall be conputed per AREA Manual, Chapter 5, Part 3,

El evati ons and Speeds for Curves. See AREA Manual, Chapter 5, Table 1 for

equi li brium el evati ons. An unbal anced el evation of 3 inches is recomrended on
railroads where trains will operate at different speeds. Railroad track shal
not be superel evated where conmon with crane track

6.4 Track Centerline Spacing. Between parallel running tracks, 14 feet
shal | be provided.

11
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6.5 Cl earances. C earance (horizontal and vertical) shall be in
accordance with Plates B, B-1, C, C1, D, E, and F in AAR Suppl enent to Mnual

of Standards and Recommended Practices, which is reproduced in the National
Rai | way Publication Railway Line O earances. C earance of fixed obstructions
shall be in accordance with AREA Manual, Chapter 28.

12
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Section 7: TURNOUTS AND CROSSOVERS

7.1 Turnouts. The geonetry of the turnout is governed by the size of
the frog. Where comrercially owned and operated switching equi pment is used,
turnouts shall meet the mni mumrequirenments of the connecting railroad.
VWere Navy owned and operated switching equi pnent is used, No. 8 frogs should
be used. If a smaller than a No. 8 frog is required because of space
[imtations, No. 7, No. 6, or No. 5 frogs may be used with caution. Spring
rail frogs shall not be used.

7.2 Connecting Curves. Connecting curves shall have radii greater than
the |l ead curve

7.3 Crossovers. Criteria for crossovers are given bel ow

a) Description. Crossovers consist of two turnouts from adjacent
tracks, connected by a tangent or by reversed curves with a tangent between,
pl aced between the ends of the frogs.

b) Reverse Curves. Consider reverse curves only because of space
linmtations.

7.4 Turnout Location. No part of the turnout shall be located on a
vertical curve

13
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Section 8: H GHWAY GRADE CROSSI NG

8.1 Wdth of Crossing. Crossing widths shall be 4 feet wi der on each
side than adjacent roadway surface neasured at right angles to the highway or
as prescribed by local |aw

8.2 Profile of Crossings. The surface of the highway shall be in the
same plane as the top of the rails for a distance of 2 feet outside of the
rails. The top of the rail plane shall be connected with the gradeline of the
hi ghway, each way, by vertical curves which satisfy highway requirenents for
riding conditions and sight distances.

8.3 Materials for Crossing. Materials used are as follows: See AREA
Manual , Chapter 9, Part 1, Guidelines for the Construction or Reconstruction
of Hi ghway - Railway Crossings.

8.3.1 Heavily Travel ed Roads. Prefabricated rubber, precast concrete,
prefabricated treated tinmber, or sectional treated tinmber shall be used.
Wel ded rails should be used through the crossing.

8.3.2 Lightly Travel ed Roads. Treated wood plank or bitum nous pavenent
shal | be used.

8.4 Sign., Signals., Automatic Crossing Gates, and Fl oodlighting. See

U S. Department of Transportation, Federal Hi ghway Administration, D6.1 Manua
on Uniform Traffic Control Devices, Part VIII, "Grade Crossings".

14
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Section 9: TRACKAGE | N PAVEMENT

9.1 H ghway Grade Crossing. See Section 8

9.2 Specifications. Trackage in pavenent shall be avoi ded where
practicable. Were unavoidable it should be built as follows: for light to
mediumtraffic conditions the track can be in flexible pavenent (ball ast,
timber ties, and bitum nous pavenent); and for heavier applications rails set
in arigid pavenent should be used. New 115 RE or heavier rails shall be used
in all pavement installations. Welded rails should be used through heavily
used crossings.

9.2.1 Bi tum nous Pavenent. Provide 7 by 9 inches by 8 feet 6 inch
creosoted cross ties on 19 1/2-inch centers. Provide a mnimmof 12 inches
of well conpacted ballast below the ties and in the tie cribs (space between
the ties). Care shall be taken to maintain uniform bearing throughout the

| ength of each tie. The bitum nous paving material shall be applied in
multiple layers with a 2 1/2 to 3-inch wide by 2-inch mni mum deep fl angeway
formed on the gage side of each rail

9.2.2 Concrete Pavenment. For new construction or major rehabilitation
track constructed in concrete paverment should be built according to the
details in Figure 1, Railroad Track Support. Flangeways shall be 2 1/2 to 3-
inch wide by 2-inch mni mum deep on the gage side of each rail. A gage rod
may be substituted for the 3/4-inch dianeter tie rod showmn in Figure 1. See
NAVFAC M L- HDBK- 1025/ 1, Piers and Wharves for additional information.

9.3 Turnouts. Switches or frogs should not be installed in paved
areas. \Where unavoi dabl e, use tongue and mate switches as per AREA Portfolio
of Trackwork Pl ans.

15
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Section 10: SI DI NGS

10.1 Track Centerline Spacing. Between parallel siding tracks 14 feet
shal |l be provided. Between parallel and mainline tracks 15 feet shall be
provi ded.

10. 2 M ni mum Tangent Di stance. The minimum al |l owed tangent distance
bet ween reverse curves, including crossovers, shall be according to the AREA
Manual , Chapter 5, Part 3, Reverse Curves. The desirable tangent distance
bet ween reverse curves in yards and terninals should be 100 feet or nore.

10. 3 Gradients. Level or non-rolling gradients are nost desirable. |If
necessary, a maxi mumof up to 1.5 percent may be used.

10. 4 Track Ends. Track ends shall be provided with stops or bunpers as
foll ows, based on cost and traffic density:

a) Comercially available fabricated stops.

b) A tinber fastened across the rails.

17
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Section 11: WAREHOUSE TRACKAGE

11.1 G adi ent Apportionnment. The gradient shall be apportioned to make
certain that:

a) The maxi num gradi ent al ong war ehouse | oadi ng platforns shall be
1 percent.

b) The maxi mum gradi ent al ong tracks between individual warehouses
shall be 3 percent for short distances.

c) Crossovers shall not be located on the 3 percent gradi ent where
long trains of cars will be pushed upgrade through the crossovers.

11.2 Horizontal and Vertical C earances. For clearances to fixed
obstructions such as walls, doorways, and platforns, see Section 6, paragraph
6.5 of this handbook and | ocal servicing railroad.

11.3 War ehouse Railroad Layout. For warehouse railroad | ayout, see
Definitive Designs for Naval Shore Facilities, NAVFAC P-272.

18
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Section 12: TRACK SCALES

12.1 Scales. There are two types of scal es avail able for weighing cars,
static and weight-in-nmotion. See AAR Scal e Handbook.

12.1.1 Static Scale. One car at atine is rolled onto the scale, stopped,
and wei ghed. The scale usually is a beam bal ance type, but can be a | oad cel

t ype.

12.1.2 Wei gh-in-Mdtion Scale. This scale weighs cars coupl ed together
whi |l e being pulled over the scale by a | oconotive at slow speed. The scale is
a load cell type

12.2 Selection. |If a scale is necessary, a static scale would probably
nmeet Navy needs. Weigh-in-nption scales are sophisticated devices used where
| arge nunbers of cars are to be wei ghed each day.

12.3 Location. Scales shall be located to mninize swtching.
12. 4 Alignment. A minimmof 100 feet of tangent tracks shall be

provi ded on scal e approaches. Gradients should be |ess than 0.05 percent over
a static scale. Wigh-in-nmotion scales tracks should be level or slightly
upgrade allowing the train to be stretched during wei ghi ng.

12.5 Dead Rails. Were a by-pass track cannot be built around the
scal e, use dead rails to gauntlet equipnment not to be wei ghed over the scale.

19
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Section 13: YARDS

13.1 Scope. Yards are places for the storage and sorting of railroad
cars. A freight terminal can also be a railroad yard. Larger yards usually

i nclude car and | oconptive service and nai ntenance facilities. Background
data for design and | ayout of yards can be found in the AREA Manual, Chapter
14, Yards and Terminals, and shall be used as a guide for new construction and
maj or rehabilitation

13.2 General Considerations. Features of a nore general nature are
di scussed as foll ows:

13.2.1 Fire Protection. Hydrants with hose houses shall be located to
conply with applicable codes and regul ations. Chenical extinguishing systens
shall be installed where appropriate to protect against oil and electric
fires. For additional requirenents see NAVFAC M L- HDBK- 1008, Fire Protection
for Facilities Engineering, Design and Construction.

13.2.2 Theft and Vandalism Protective neasures shall be carefully
considered in the design of yards.

13.2.3 Efficiency. Yards shall be designed for efficient swtching and
handl i ng tasks and to mninize del ays and denurrage charges.

13.2. 4 Expansi on. Yard layouts shall provide for anticipated future
expansi on so that the nunber and |l ength of tracks in them may be increased as
required with mininuminterference to operation or mnimmrelocation of

exi sting trackage.

13.2.5 Track Capacity. |In conputing track capacity in terms of number of
cars, a mininmumof 50 feet per car shall be used for all tracks other than
those to be used for special equipnent.

13.2.6 Yard Lighting. Where necessary lighting should be installed
foll owi ng the recormendati ons of the AREA Manual, Chapter 33, Part 10,

Il um nation.

13.2.7 Drai nage. An adequate drainage systemis essential and shall be

installed so that it can be easily cleaned and nmaintai ned. See NAVFAC M L-
HDBK- 1005/ 3, Drai nage Systens.

13.2.8 Conmuni cations. Facilities such as teletype, pneumatic tube
systens, |oud speakers, tal kback, paging systems, television, tel ephones, and
radi os shall be considered to expedite operations. See NAVFAC M L- HDBK-
1004/ 7, Wre Communications and Signal Systens.

13.3 Track Arrangenents. Min tracks should not pass through a yard,

but shoul d be connected to yard tracks as directly as practicable. Crossovers
to facilitate all normal and regul ar novenment in the yard, with nininmm

i nterference between the different novenents, shall be provided.

13.3.1 Body Tracks. A series of parallel tracks which could be part of a
storage, repair, receiving, classification, or departure yard shall have a

m ni mum of 14 feet between centers. Where a body track parallels a main or

i mportant running track, a mininumof 20 feet between centers shall be

provi ded, subject to state regul ations on clearances. See AREA Manual

Chapter 28, Part 3, Section 3.6, Legal C earance Requirenments by States.
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13.3.2 Ladder Tracks. At one or both ends of the body tracks, there is a
di agonal track which is called the | adder track which connects the body tracks
to a main or running track. The angle the |adder track nakes with the body
track should equal the frog angle. Were space is a problem tandem | adder
tracks, with angles twice or triple the frog angle, should be used. Ladder
tracks shall have a mininmmof 15 feet between centers from other tracks.
Paral |l el |adder tracks shall have a m ni num of 20 feet between centers.

13. 4 Gradients. \Werever practicable, gradients should be |evel on
tracks used for standing of cars. Maximum yard gradients shall not exceed 1.5
percent without prior approval of NAVFACENGCOM

13.5 Reverse Curves. The nminimum all owed tangent di stance between
reverse curves, including crossovers, shall be according to the AREA Manual
Chapter 5, Part 3, Reverse Curves. The desirable tangent distance between
reverse curves in yards and term nals should be 100 feet or nore.
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Section 14: RAILROAD BRI DGES AND TRESTLES

14.1 Design. A request for permission to construct bridges over

navi gabl e waters shall be forwarded to NAVFACENGCOM Headquarters for
endorsenent to the Coast Guard, U.S. Department of Transportation. Use AREA
Manual , Chapters 7, 8, and 15 respectively for design of Tinmber Structures,
Concrete Structures and Foundations, and Steel Structures.

22



M L- HDBK- 1005/ 6

CHAPTER 2. W DE GACE PORTAL CRANE TRACKAGE
Section 1: CRITERIA AND TYPES

1.1 Scope. This chapter presents design criteria and standards for
trackage for different types of wi de gage portal cranes. Particular reference
is made to rails, rail supports, turnouts, crossings, alignment, conponents,
curves of all types, and design procedures. The criteria herein cover design
of both new trackage and rehabilitation alignments. NAVFACENGCOM Headquarters
has a conputer program TRACKS, Application Manual for Portal Crane Track

Desi gn, available for new track design analysis and rehabilitation design and
anal ysi s.

1.2 Additional Criteria. A list of criteria docunents related to Civi
Engi neering is presented in the front of this handbook. See M L-HDBK-1025/1,
Piers and Wharves for criteria on rail supports (deck fittings), wheel | oads,
and trackage | ocation and arrangenent on waterfront structures (deck structure
design). See DM 38.01, Weight Handling Equi prent for design details for

wei ght and |ine handling equipment. All docunents referenced in this handbook
are listed in the References section |located at the end of this handbook.

Unl ess specially stated otherwi se, use the current editions of all referenced
document s.

1.3 Policy. Portal crane trackage should be separate fromrailroad
trackage, except as stated in Chapter 1 of this handbook, and in NAVFAC M L-
HDBK- 1025/ 1, Piers and \Wharves.

1.4 Types of Portal Crane Trackage. There are two types of porta
crane trackage systens in use in the Naval Shore Establishment.

1.4.1 Two-Rail System The cranes for this systemare equi pped with
doubl e-fl anged wheels. This is the preferred track system

1.4.2 Four-Rail System This system consists of two standard (RR) gage
tracks. The cranes for this systemare equi pped with single-flanged wheel s.
This systemis the npst expensive and interferes with railroad service.
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Section 2: TRACKAGE COVPONENTS

2.1 Rails. The rail section for new track and for extensive rai

repl acenent projects shall conformto 135-pound CR (crane rail) control-cool ed
standard. For |ocations and arrangenents of portal crane trackage and rai
supports, see sources under Additional Criteria above. Use welded joints
whenever possi bl e.

2.2 Turnouts and Crossings. A turnout is an arrangenent of switch
points and frog, which divert the crane fromone track to another. Specia
track fittings, such as switch points and frogs, are required for the

wi de- gage systens which use doubl e-flanged wheels. These fittings nust
provi de doubl e fl angeways for crane wheels, where crane rails diverge or
intersect. |In addition, special fittings are needed where wi de and standard
gage trackage intersect or where wi de and standard gages are accommodat ed on
three rails, with one rail shared by both gages. \Where both cranes and
railroad cars utilize a conmon rail (three-rail system), the other railroad
rail should be placed between the crane rails. Standard fittings shall be
used on all new and repl acement construction and only on | evel grade.

2.2.1 Switches (Two-Rail System.

2.2.1.1 Switches. Special switches are required in a crane track turnout
for doubl e-flanged crane wheels. The doubl e-tongue swi tchpoint consists of
two rail heads on each tongue. A flangeway is therefore provided on both the
gage side and field side of the running rails.

2.2.1.2 Material. Either cast or fabricated desi gns may be used.

a) Cast. See NAVFAC Standard Draw ngs Nos. 1403326-27.

b) Fabricated. See NAVFAC Standard Draw ngs Nos. 1404035- 37.
2.2.1.3 Wheel Loads. See "Wheel Loads for Loconotive and Portal Cranes” in

NAVFAC M L- HDBK- 1025/ 1, Piers and Wharves. Mnimumcriteria: 100 kip
vertical, 15 kip lateral, on 3 foot 6 inch centers.

2.2.2 Frogs (Two-Rail Track System).

2.2.2.1 Rigid Frogs. The use of rigid frogs is permissible only in cases
where the actual frog angle is greater than that shown in Figure 2 for the
actual crane rail radius. They shall be designed for double-flanged wheels.

2.2.2.2 Turnable Frogs. This type of frog is preferable for al
| ocations, and its use is nandatory in locations as indicated by Figure 2.

2.2.2.3 Materials. Either cast or fabricated designs may be used.
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a) Cast Turntable Frogs. See NAVFAC Standard Drawi ng Nos.

1294420- 22.

b) Fabricated Rigid Frogs. See NAVFAC Standard Draw ngs Nos.
1404038- 39.

c) Fabricated Turntable Frogs . See NAVFAC Standard Draw ngs Nos.
1404040- 41.
2.2.2. 4. Wheel Loads. See "Wheel Loads for Loconotive and Portal Cranes"

i n NAVFAC M L- HDBK-1025/1, Piers and Wharves. Mnimumcriteria: 100 kip
vertical, 15 kip lateral, on 3 foot 6 inch centers.

2.2.3 Frogs (Four-Rail Track System.

2.2.3.1 Rigid Frogs. Design for single flanged wheels.
2.2.3.2 Material. Use only cast manganese steel
2.2.3.3 Wheel Loads. When actual wheel |oading is unknown, see "Whee

Loads for Loconotive and Portal Cranes" in NAVFAC M L-HDBK-1025/1, Piers and
Whar ves.

2.2.4 Standard Gage Fittings. Several fitting types comonly used for
standard gage trackwork al so have application for crane trackage in three-rai
systens. These include tongue-and-nmate sw tches, guarded split sw tches, and
standard railroad type frogs.

2.2.4.1 Tongue and Mate Switches. These fittings are comonly used for
railroad turnouts in paved areas. |In three-rail systenms where standard gage
and wi de gage share a common rail, and the standard gage diverges froma w de

gage, a mate may be used. The mate allows the single-flanged wheels to divert
fromthe crane rail without interfering with crane doubl e-flanged wheel s.

2.2.4.2 Guarded Split Switch. In cases where a tongue-and-mate sw tch can
be used in a three-rail system a guarded split switch is also applicable as
an alternative. A guarded split switchpoint on the crane rail all ows passage
of crane wheels along the stock crane rail when in the open position. When
cl osed, the swi tchpoint provides a continuous rail head for single-flanged
wheel s diverging fromthe crane rail. \Were a standard gage turnout requires
single flange wheels to cross the crane rail at the switchpoint, a
doubl e-t ongue switch nmust be used.

2.2.4.3 Rai | road Type Frogs. These are not for use with crane rails, but
may be used in three-rail systens where both intersecting rails are used by
singl e-fl anged wheels. Self-guarded frogs in paved areas are not desirable;
guard rails are therefore required.

2.2.5 Manual Calculations (Two-Rail Switch).

2.2.5.1 Fl angeway Spacing Conputation. For each integer X, sumthe
corresponding circular and linear offsets as given below. Subtract the
rail head width to obtain the flangeway spacing. Switch length and the end
spacing -b can be varied as required. See Figure 3.

2.2.5.2 Circle Ofset Conputation.

Vari abl e Definitions:
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) = Circular offset fromtangent
X = X coordinate of position, neasured fromentry end of switch
R = Radi us of curvature
2 = Central angle of arc
2 =sintX
R

) = R- R(cos 2)

2.2.5.3 Linear O fset Conputation

Vari abl e Definitions:

b = Desired distance between rail centerlines at entry end of
t ongue.

= Vertical offset

ax + b

x < <
1l

At =0, Y=0Db
At X=1, Y=0

Solve for constant -a conmpute each required of fset -Y.
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Minimum Rigid Frog Angle-Portal Crane Rails
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R COS 6

A _ Xl

O Y=0

|. CIRCULAR OFFSET:

0= CIRCULAR OFFSET FROM TANGENT

X= COORDINATE OF POSITION FROM ENTRY
END OF SWITCH

R= RADIUS OF CURVE

©= CENTRAL ANGLE OF ARC

e=siN' x
R
o«R-R COS ©

2. LINEAR OFFSET COMPUTATION

b= DESIRED DISTANCE BETWEEN RAIL
CENTERLINES OF ENTRY END OF SWITCH

¥= VERTICAL OFFSET

Y=ox+bd

@ X=0 Y=b
CR WAL

i}
—u' L

ADD t 8 2 - RAIL HEAD WIDTH=FLANGEWAY

Figure 3
Flangeway Width Calculation
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Section 3: PORTAL CRANE TRACK CURVE ALI GNMENT

3.1 Applications. Apply design procedure outlined in this section to:

a) Al new curved portal crane track projects.
b) Curved extensions to existing crane trackage.

c) Rehabilitation projects where new track foundations are
requi red throughout a curve.

Rehabi litation design for curved trackage on existing foundations will have

di fferent methods of calculation than are outlined in this section. Sone of
the criteria specified for new track cannot be applied to rehabilitation
projects because of the need to fit the track on the existing foundati on while
nmeeting gage reduction requirenments; however, wherever possible, the
definitions and objectives of this section should be utilized for replacenent
design. Criteria for rehabilitation design of curved track on existing
foundati ons are specified in Section 4 of this Chapter

3.1.1 Probl em Description. The track gage must be reduced on curves
because of the nonradial position of the ends of the crane (See Figure 4).
Sone formof transition is required between the tangent track and the
short-radius curved track

(Note: A computer program TRACKS, (avail able from NAVFACENGCOM Headquarters)
can be used to calculate the gage reduction. The programrequires the crane
float, curve radius and gage.)

3.2 Reduced Gage. Actual gage reduction for a given radius may be
conputed precisely, but as the crane frame covers or "straddl es" a nunber of
radii in traversing the transition curve, the gradual reduction between the

tangent gage and the gage at the end of the transition curve is an

approxi mati on. The shorter the radius the greater the gage reduction
required. Gage reduction on curves with a radius greater than 300 feet is
normal ly not required, as it is well within the float capability of npst
cranes.

3.3 Crane Equivalent Length. Equivalent length is the Iength of a
theoretical crane that has its corners riding over the centerline of the rails
when all the wheels of the actual crane are on the rails of the curve. See
Figures 4 and 5

3.4 Lateral Float. Lateral float is the anmount of transverse novenent
possi bl e on the gudgeon pins of the crane (See Figure 6). No transition from
tangent to curve or vice versa has been designed to elimnate the necessity
for providing some |lateral floating action in cranes.

3.4.1 Radi us. The floating action (transverse novenment) provided in
cranes pernits a crane to traverse a large radius curve w thout any gage
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reduction. Normally the float capability of a crane is such that a curve of
300 feet radius can be traversed with a safety factor greater than two and
wi t hout a gage reduction.

3.4.2 M ni mum Radius. It is desirable that the radius of the centra
portion of the curve be not |less than 80 feet, except where extrene space
limtations force this condition.

3.4.3 Float for New Cranes. Prior to purchase of new cranes, the
existing track systemis to be investigated to determ ne the gage to which the
crane rmust be built and the amount of lateral float required in the crane.

3.4.4 Transferring from One Track Systemto Another. \When cranes are
transferred fromone track systemto another, float requirenments nust be
determ ned and the running gear reconstructed as required to fit the new track
system

3.5 Transition Curve (Inside or Control Curve). This transition curve
is a series of compounding circular arcs, in which change of degree of curve
is uniformand directly proportional to the flexible curve length. The first
20 feet of curvature of all transition curves is identical

3.5.1 Gage Reduction. Although the actual reduction for a given radius
may be conputed precisely, the gradual reduction between tangent gage and
reduced gage i s an approxi mati on.

3.6 Switch Curve (Inside or Control Curve). The first 20 feet of the
transition curve, which is the switch curve, is an arc of constant radius of
300 feet. Al switch curves, being identical, pernmit the standard switch to
be inserted at the point of tangency of any curve design in accordance wth

these criteria, at any time (See Figure 7).

3.6.1 Switch Alignment. Although the body of the switch may project a
few i nches beyond the sharp edge of the switch curve, the switch alignnment
will match precisely any designed flexible transition. Switching from curved

track shall not be used unless the radius of the curve is greater than 300
feet and the turnout is to the outside of the curve, that is, not the center
of the curve.

3.7 Main Circular Curve (lnner). This curve is an arc of constant
radi us | ocated between the beginning and ending transition curves (See Figure
7).

3.7.1 General Requirenent. The general practice is to make an arbitrary
choice of R;, assuming R,, and R. to be approximately equal. The curve which
results fromthis choice of R;, must fit avail able space and other field
conditions, and nmust not cause the avail able float of any crane using the
track to be exceeded. Upon satisfying these conditions, R, should normally be
in the range:
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Re = Ry, + 3.00 ft.

Unl ess extreme space limtations dictate otherwise, it is desirable that
neither R,, nor R be less than 80 feet.

3.7.2 Selection of Radius. The follow ng are suggested net hods for
selecting R;, and R, for use in the design procedure, Table 1

a) For a symmetrical curve with ) = 180° (i.e. parallel tangents
form ng a "horse-shoe" curve), a first approximation of R;, should be:

Ri, = 0. 93M
The radius of the main circular curve is:

Re= M- Y

cos 2

b) For 90° < ) < 180° a recomrended first approximtion of R;,
woul d be a value equal to one half the distance fromPC to PT.

Note: The choice of R;, in this case is strictly an approximtion. A certain
anmount of trial and error is involved in the final choice of R;,.

c) For ) <90° it is recommended that the first trial should be
based upon historical data of a sinmilar curve if available. Oherw se,
estimate and refine by trial and error

). M Y. and 2 = (See Table 4).

3.8 Conpl ete Curve Conbination. A conplete curve conbination consists
of a mnimmof two switch curves and two abutting transition curves, or a
maxi mum of two switch curves and two transition curves, separated by one main
circular curve (See Figure 7).

3.8.1 Transition Curve. Wen the main intersection angle ( ) ) is 90
degrees or less, the curve may be made transitional throughout. Wen the
curves are transitional throughout, the inner transition curves abut, but the
outer transition curves are separated by a tangent of 2t |ength.

3.8.2 Tangent Length. Tangent |ength between curves of opposite
direction shall be at |east equal to the equivalent | ength of the crane.

3.9 Reverse Curve. Under no circumstances shall the comonly called
“reverse curve" be used.

3.10 Transition Curve (Qutside). This curve is a series of conpounding
circular arcs which are not concentric with the corresponding arcs of the
inside transition curve. The first 20 feet of curvature of all transition
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curves shall be identical to permt the use of one switch design for all turn
outs. The curve conmponents are as foll ows:

3.10.1 Central Angle. The series of conmpound arcs conprising the outer
flexible transition curve have the same central angle as the corresponding arc
of the inside transition curve (See Figure 8 and 9).

3.10.2 Radii. The radii of the arcs of this transition are obtained by
adding G to the radii of the inner flexible transition curve

3.10.3 Gage Reduction. The required gage reduction through the flexible
transition curve is obtained by shifting the outer curve back of the S.C T.
al ong tangent t, a distance d (See Figure 7).

3.10.4 Alignnent d osure. A short tangent distance t, is then introduced
bet ween the end of the switch curve and the begi nning of the outer flexible
transition curve (See Figures 7 and 9). A short tangent distance is also

i ntroduced between the end of the flexible transition curve and the main
circular curve (See Figures 7 and 9).

3.11 Switch Curve (Qutside). The outer switch curve, which is the first
20 feet of the transition curve, is an arc of constant radius of 300 feet.
This switch curve is identical with that used for the first 20 feet of
curvature on the inner alignnent, permitting the standard switch to be
inserted at the point of tangency of any curve at any tinme.

3.11.1 Location. The point of beginning of the outer switch (fixed) curve
is precisely located laterally opposite the point of beginning of the inner
switch curve

3.11.2 Convergence. The outer and inner switch curves being identica
results in the outer curve converging on the inner curve. This convergence
cl osely approxi mates the required gage reduction, so that a negligi bl e anpunt
of misalignment is introduced.

3.11.3 Lead. The inner and outer switch curves are not concentric.
Therefore, a point radially opposite the forward end of the inner switch is
ahead of the forward end of the outer switch curve. This distance is called
t he | ead.

3.12 Main Circular Curve (Qutside). This curve is an arc of constant
radi us which is concentric with the correspondi ng inside main circular curve.

3.12.1 Central Angle. The outside main circular curve has the sane
central angle as the inside main circular curve.

3.12.2 Radi us. The radius of this curve is obtained by adding G,, to the
radi us of the inside main circular curve (See Figure 7).

3.12.3 Gage Reduction. The gage on this curve is constant and equal to
Giin-
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3.13 Design Procedure. See Table 1 for procedures.

3.14 Sanpl e Curve Conputation. See Table 2 for exanple.

3.15 Tabul ati on of Sanple Curve Conputation. See Table 3 for

t abul ati on.

g.lﬁ Drydock Head-End. The follow ng considerations are essential to
esi gn:

a) Access connections shall not be nade to a continuous circular
curve connecting both sides of a drydock. In extrene cases where such
connections are absolutely necessary, prior NAVFACENGCOM approval shall be
obt ai ned.

b) The head-end curve is a special case of a conplete curve
conbi nati on (see paragraph 3.8, preceding, for description) in which a curve
havi ng a 180-degree central angle is required to connect two parallel tangent
tracks.

c) \here feasible, the design shall be such that the curve
conbination is symretrical about a line equidistant between the paralle
t angent tracks.

3.17 Vertical Alignment. The follow ng considerations are essential to
desi gn:

a) Design horizontal curves for level grade in order to ninimze
the possibility of derailnment, with the attendant danger of overturning.

b) |If there is an absolute necessity to use other than a |eve
grade for a horizontal curve, approval mnust be obtained from NAVFACENGCOM
Headquarters.

c) Limted grades (maxi mum 1 percent) and vertical curves, shal
be placed on tangent track only when it is necessary to connect parts of a
track system constructed at different el evations.

d) Nonlevel grade shall be a m ni mum di stance of the crane |ength
(centerline to centerline of end wheels) fromthe conrencenment of any
crossing, horizontal curve, or turnout.

e) \Wen nonlevel grade is permtted by NAVFACENGCOM Headquarters,

use the formulas and procedure of the exanple in paragraph 3.17.1, foll ow ng,
in determning vertical alignment.
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3.17.1 Exanpl e of Vertical Alignment. A horizontally curved track shal
be placed on | evel grade. Derailment, with attendant danger of overturning,
i s probabl e because of the follow ng conditions.

a) Points on the rails directly under the corners of the crane
traversing the curved track would be at different elevations and not in the
same plane. Because the frame and legs are a rigid structure, the sills and
gi rders cannot appreciably conformto other than a plane surface.

b) In understanding the geonetry of this problem consider the
crane as sinply a rigid rectangular frame. The higher inside corner and the

| ower outside corner of this frame (always diagonally opposite) will remain on
the rails at all times. O the other two corners, the one nearer the center
of gravity will be forced to the rail, thus suspending the fourth corner

(di agonal |y opposite) above the rail by twi ce the amount of the difference in
el evation at points on the rails under laterally opposite corners.

c) An identical suspension occurs at the correspondi ng point on

the sill of the actual crane traversing such track. The suspension of one
truck above the rail will be the amount of suspension at the sill nultiplied
by N where:
N = total nunber of pivot points (at one corner) + 1 (1)
2
N = total nunber of wheels of crane (2)
8
3.17.2 Application. The follow ng hypothetical case illustrates the
application of this procedure. From A of Figure 10:
$ = arc sin 18.8716 (3)
100. 00
$ = 10 deg 52 min 40 sec
N = arc sin 18.8716 (4)
120. 00
N = 9 deg 02 mn 53 sec
), =% - N=1deg 49 min 47 sec (5)
Arc cb and arc ha = (100.00)(radian 1 deg 49 nmin 47 sec)
= 3.193 ft. (6)
). = 2N = 18 deg 05 m n 46 sec (7)

Arc bh 100. 00) (radi an 18 deg 05 min 46 sec)

::3£1.584 ft. (8)
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3.17.3 Suspension. The crane track is laid level, laterally. Therefore
the difference of elevation between points ¢ and b, or h and a, is 3.193 feet
multiplied by 1.00 percent, which is equal to the difference between points c
and e or a and f. See A of Figure 10 for the el evations of these points.
Frame corner "a" is suspended 0.0319 feet nultiplied by 2, and the sill at
point A of Elevation in Figure 10 is suspended an identical amunt, or 0.0638
feet. The suspension at point B, a pivot point, equals the suspension at
point A. The truck intermediate equalizers, in all probability, are not
exactly bal anced; therefore, assune point D descends and point Crises.

3.17. 4 Vertical Position. The vertical position of point Cis now 0.1277
feet above normal; it follows that point E is the same anount above nornal .
The drive truck assenmbly No. 2 being heavier than the idler truck assenbly No.
2, will cause point Fto rise 0.1277 feet above point EE Point F will now be
0.2554 (3 1/16 inches) feet above point G the normal position. The flange is
1-1/8 inches in depth, which | eaves a clearance (3-1/16 - 1-1/8) = 1-15/16

i nches (0.1615 feet) between the top of the rail and the flange on each whee
of idler truck assembly No. 2, assuming that the idler truck assenbly remains

bal anced because of friction. This clearance will permt the truck assenbly
to swivel and cause derailnment. Distance (S) of the wheels of one truck
assenbly above the rail is determ ned by:
S =RJ[radian(arc sin i-g—arc sin j—)] (9) [Xﬁ (9)
R R 4
in which g is the rate of grade on the inside rail, and wis the total nunber

of wheel s.
Gven: R = 100

R, = 120

f = 18.87

g = 1.00%

w = 32 (from equation 9)

100 (Radian 1 deg 49 mn 47 sec) (0.01) (8)
0. 2554 or 3-1/16 inch

3.17.5 Bal ance. |If the wheels or idler truck assenmbly No. 2 do not remain
bal anced, which is the npst likely condition, the distance (S) which one
wheel , or pair of wheels, will be above the rail is twice the anbunt shown by
equation (9) and the forrmula for the worst, nmost likely condition will be:

35



M L- HDBK- 1005/ 6

S=2R|[radian (arc sin LI arc sin i

W.
= )1 (0 1) (10)

3.18 Synbol s and Nonmenclature. |In the calculation of portal crane track
alignment, there are many special synbols used; for a list of these synbols,
see Table 4.
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NOTE THAT THESE PROJECTED
POINTS WILL RIDE DIRECTLY
OVER THE RAILS AND THUS
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CRANE OTHER WHEEL Py gl
ARRANGEMENTS 7 \
REQUIRE DERIVATION

OF NEW FORMULAE
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EACH SIDE OF
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G min 1S COMPUTED BY THE FOLLOWING
£ ORMULA USING R min

SHOWING METHOD FOR COMPUTING
THE REDUCED GAGE FOR A GIVEN

RADIUS.
SECONDARY R =Ean-f2+ )2 uﬂ%
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={R2+2§V92—f2+ ez]z
I2-WHEEL CRANE TRAVEL t
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Figure 4
Gage Reduction Diagram (32-Wheel Crane)
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Figure 5
24 Wheel Crane Equivalent Length
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Figure 6
Travel Bases for Cranes
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Figure 8
Functions of Inner or Control Curve
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Crane Reaction
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Table 1 Design Procedure

Descri ption Procedure Ref er ence
Equi val ent Equi val ent |l ength of crane equals 2f where: Fi gures 4
 engt h , and 5
~ a? b2 c¢? d? .
f = J['7r et TI) (8, 16, 32 wheel);
~ a? b2 2c? d?
f—\'(T+T+ ) +T)(24Wheel)
Reduced For any circular curve, of a given radius R where R Figure 4
gage (&) is the radius of the inner rail
G-=(R?+2eyR*-f% +e?’)*-R
Notes: (1) Check to be certain that a gage reduction
is not required for a 300-ft. radius, i.e.
G- G < %float of crane
(2) For two or nore cranes, use the average
equi val ent length of the cranes to obtain the reduced
gage, and check to ascertain that this gage reduction
is within the float capability of each crane. If the
gage reduction is too great for any crane, adjust the
track design using the equivalent length of the
critical crane until a satisfactory reduced gage is
obt ai ned.
Lat er al Lateral float considerations: Par. 3.4
Fl oat Fi gures
(a) (e - & < Y (available lateral float), 4, 6 and
7

for a large radius curve, i.e., R > 300
ft.

(b) (G; - G, < Y% (available lateral float),
for any two points, not nore than
equi val ent length of crane apart.
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Table 1 Design Procedure

I nside O
Contro
Curve
Swi tch (1) Length of switch and nunber of compounding arcs Par. 3.5
(fixed) Figures 8
curve L, = 20.00 ft. and 9
N =1
(2) Degree of curve and radius at both the T.S.C.
and S.C. T.
R = 300.00 ft.
D = 19° 5" 55"
(3) Central angle
2, = 3° 49" 11"
Transition (1) Ry, as established in "Main Circular Curve". Par. 3.7
(flexible) Figures 8
curve Notes: (1) For two-rail portal crane, the radius is | and 9
to the centerline of the inside rail
(2) For four-rail portal crane, the radius
is to the centerline of the inside
track.
(2) Nunmber of internmediate arcs of equal |ength: Figures 8
and 9
N = 10 (may be changed if necessary)
(3) Degree of curve and correspondi ng radius for an

arc:

(D,,, - 19.0986°)
n n-1 + N

5729. 578
R, = D

Note: When n = 1, D, = D, = 19.0986°
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Table 1 Design Procedure

Transition
(flexible)
curve

(conti nued)

(4) Method of establishing length L,
Known e, f, F, and R,

Where: F = Y“the maximum |l ateral fl oat
capability, in feet.

Note: \Where the length of flexible transition (L,
conputed is greater than the space avail able, the

| ength may be reduced by shortening the value of Ry,
in accordance with Section 3, paragraph 3.4.2.
Determ ne: Ry the radius at a point on the
transition curve, 2f distance back from
the TC

1
Step (a) G,, = (R%., +2e JR?, -T2 +e?)"2-R..

R, - fbi\/(bz ~ 4ac)
f

Step (b) >3

Wher e: a=2e - F- 2G;,
b =-¢e(2e - F- 2G;.)
c = -ef?

Determ ne: L,

5729.578
Step(a) D = —m——
max Rm'n
D — 19.0986° .
D =D, + N , Where D, = 19. 0986
5729.578
Rex = =5 —

1

Figure 8
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Table 1 Design Procedure
Transition
(f| exi bl 6) St ep (b) sz _ 5729. 578
curve R
(conti nued)

2f (D, - D)
Step (¢) L, = ——mx 17
: Drmx B D2f

Notes: (1) L, should be adjusted to the nearest foot
to facilitate computations.

(2) Computation of L, by this nethod | eads to
t he probable satisfaction of the float considerations
set forth in the first part of this table. To be
sure that the float is fully satisfied, the design,
when conpl et ed, should be checked by the NAVFAC
TRACKS programto obtain an accurate cal cul ati on of
the float.

(5) Arc length and central angle, corresponding with
t he degree of curve D, for an arc (n):

(6) The central
is:

angle fromthe T.S.C. to any P.C.C

2, =2, + ), .... or

L, - 20

2n = 3. 8197 + W

(D, + D)
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Table 1 Design Procedure

Transition
(flexible)
curve

(conti nued)

(7) The central angle of the flexible transition is:

2, =2 - 2, or,
La
2a * 200

(Dl + Drmx)

the coordinates for any P.C.C. are:
X, = X1 + R, (sin 2, - sin 2.

Yn Yn-l + Rn (COS 2n-l -

cos 2,)

Note: 2, X, and Y, are used herein to designate
angl es and offset distances fromthe T.S.C. to the
poi nts of compound curvature only. They are not used
to designate angles or offsets to any arbitrary point
on the transition curve.

Conpl et e The tangent distance for the conplete curve is: Figure 8
curve
conbi nati on T=X - (R sin2 + (R cos 2 +Y,) tan )
2
Qut si de
Curve
Swi tch (1) This curve is identical with the switch curve Figure 8
(fixed) (inside or control)
(2) The lead is: Figure 8
Par. 3.10
t; = Gsin 3° 49" 11"
Reduced G at the S.C. T., by convergence of outer and Figure 8
gage (Q) inner rails of switch curve is:

G cos 3° 49" 11"

Gs:
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Table 1 Design Procedure

Transition
(flexible)
curve

(1)

(2)

(3)

(4)

(5)

(6)

Radi us and | ength of any arc

R, = G + radius of corresponding arc of
nner curve

A, = R), (A, in feet, ), in radi ans)

Di stance shifted back of the S.C. T. al ong
tangent t, is:

dfesfehin

sin 2,

Tangent |ength between end of switch curve and
begi nning of flexible curve, and its of fset

di stances in the Wand Z directions are:

t, =t, - d

Wdirection = t, cos 3° 49" 11"

Z direction = t, sin 3° 49" 11"

Tangent | ength between end of flexible curve and

main circular curve, and its offset distances in
the Wand Z directions are:

:Gsfehin

tan 2,
Wdirection =t cos 2
Z direction =t sin 2

The coordinates for any P.C.C. are:
W = W-l + Rn (Sin 2n - sin 2n-l)
Z, =72, + R, (cos 2,, - cos 2)

The gage at any P.C.C. of the transition
curve, back of R;, is:

G =G - dsin (2 - 2)

Fi gure

Fi gure

Par .

3.

Fi gure

Par .

3.

49




M L- HDBK- 1005/ 6

Table 1 Design Procedure

The central angle is equal to:
)c:)'22

Radi us of inner main circular curve

Radi us of outer main circular curve

Gage on main circular curve is G;,

R+ Guy

Figures 8
and 9
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Table 2 Sanpl e Curve Conposition

Item Conput ati on (partial) Ref er ence
Transition G ven Di, = 19.0986° (end of switch curve) Figures 6
curve D.x = 70.0000° and 7
(i nside or G=e = 30.000 ft.
control): L, = 94.000 ft.

f = 18.820 ft.

Average fl oat capability of crane 0.50 ft. in

ei ther direction.
Nurber of N = 10
arcs
Degree of _ 70.000 19.0986 _ o
arc No. 2 D, = 24.1887 + 0 = 29.2789
Degr ee of 70. 000 - 19.0986 _ o
arc No. 3 D, 29.2789 + ) = 34. 3690
Centr al 9.4 x 24.1887 _ o _ o Ja—
angl e arc ), = 160 =2.2737° = 2° 16" 25
No. 1
Centr al 9.4 x 29.2789 _ o _ o / moll
angl e arc ), = 160 = 2.7522° = 2° 45' 08
No. 2
Central 2, = 3° 49" 11" Figures 7
angle to and 8
S.C. T.
2, for arcs 2, = 3° 49" 11" + 2° 16' 25" = 6° 05" 36"
to P.C.C. 1
2, for arcs 2, = 6° 05 36" + 2° 45 08" = 8° 50' 44"
to P.C.C. 2
Coor di nat es X, = 74.671 + 104.689 (sin 29° 47" 02" sin 24° 38'
for P.C C 21") = 83.028
7

Y, = 13.121 + 104.689 (cos 24° 38" 21" cos 29° 47
02") = 17.418
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Not es: For conpl ete design procedure see Table 1
For all values for P.C.C. No. 1 through 9, see
Table 3 and Figure 9.

Tabl e 2 Sanpl e Curve Conposition

Tangent T = 104.986 - (81.851 sin 48° 05" 18") + [(81.851 cos | Figure 8
di stance 48° 05' 18" + 34.943) tan 60° 00' 00"] = 199.280

for ) = 120°
00' 00"

Transition
curve
(outside):

30.000 sin 3° 49" 11" 1.999 ft.

Lead tg t,

30. 000 cos 3° 49" 11"

Reduced G
gage

29.933 ft. Figure 7

Figure 7

G, , = (81.851% - 60y/81. 851 - 18.820° + 30. 000) *

- 81.851 = 29.410 ft.

2., Central 94. 000 Figure 7
angl e of 2, = —=~—(24.1887 + 70) = 44.2687 = 44° 16’ 07"
Fl exi bl e 200
Transi tion
Curve

Di st ance Figure 7
shifted g - 22:933 - 29.410 _ 5 749 ¢,

back of sin 44° 16/ 07"
S.C. T.

Di st ance Figure 7
bet ween end t - 29.933 - 29.410_ 537 ¢,

of tan 44° 16/ 07"
transition
and main
curves

Not es: For conpl ete design procedure see Table 1
For all values for P.C.C. No. 1 through 9, see Table 3 and Figure 9.
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Tabulation of Sample Curve Composition

Table 3

Inner Curve
1 4 ] 4 L] [ ? 8 9 10 il
Sine 8 Cosinc
Conurpl &n ine fy a1
C:nttol Point Dp Rn Degrees &n &q Sine 8, Minug Cosine Minus
oint Station Degrees Feet {Deci- Degrecs, Sine 8. ' Cosine
mmals) Min., Sec. [ 8,
T.8.C. | 0+ 00.00
19.0986 | 300.00
L")
4
3
T
X
[T
19,0986 | 300.00
S.CT.{ 0+20.00
5L [ U+20.00 T IT | 0.0866170 0.
24,1867 | 256.870 2,2737 | 2° 168" ¢5” 00395325 0054 284
P.C.C. | 0+29.40 €° 05' 36" | 01061495 09543502 :
29,2788 | 195690 27522 | 2° 45" 08" 0.0416228 0062459
P.C.C. | O +58.80 B° 50" 447 | 0.1537723 0.988! 063
%4.5690 | 166.708 5.2%7 | 5° 18 81" 00554418 0102364
P.C.C. | O +48.20 12° 047 35" | 0.209214! 0.9778099%
49,4592 | 145.208 3,7092 | 3% 42° 32" 0.0628226 0155830
E| RCC | 0+5760 15° 47 08" | 0.2720367 0.9622869
3 44.549% | 128612 41876 | 4" 11" 15" 0.0695422 0224338
€ PCC | ©+67.00 19* 5B 23" | 0.5415789 0.939853)
= 49,6994 | 115414 +.6661 | 4* 39’ 58" 0.07532%9 0305020
E F.C.C.| 0+7640 24¢* 38 21" | 0.4169028 0.9089511
- 54,7296 | 104.689 50446 ] 5° 08" 41" 0.0798258 410452
'% PLC | 0+8580 29° 477 02" { 04967286 0.83679059
i 59.8197 95.781 56281 | 5" 37 28" 0.0826507 0528479
[ PC.C | 049520 35° 24° 257 | D.5793793 0.81505B0
64,9099 B8.270 6.1015 | 6° 06" 057 0.0B38505 0661994
P.C.C. | | +04.60 41° 30" 30" | 0.66727298 0.7488586
70.0000 B1.85!) 5.5800 | 6° 84" 48" 0.0814463 0808754
T.C| 1+ 1400 48" 03" 18" | G.7441763 0.6679652
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Table 3
Tabulation of Sample Curve Composition

Ouner Curve
il 12 13 14 15 i6 17 3] 19 20 21
Cosine )
@i Coordinares Coordinates Cuntyol
Minus R Point Canvrol Gn
Cosine X Y n Sn A w ] Station Poins {Feet)
oy Feer Feet Feet Radians Feer Feet Feer
3.000 0.000 0.000 0.000 | 0 «490.00 T.3.C
3100.00
:
-
3
ey
19,985 U.666 19.985 0.666 | O+ 20.00 5.C1y
19.585 | 0.606 T, = 1.250 Yy
0034284 21.282 0.749 ] 6+ 21.25
29.549 1.478 | 266.803 | 0.0396842 10.588 29.9033
0062459 : 31.779 1664 | O« 31.84 PC.C
9B.668 2,700 | 225,623 | 0.0480352 10.838 29.8674
0102364 42.524 1075 ) 0+42.68 F.C.C
41911 4,406 | 196,641 | 0.0565860 11.088 29.8254
.0155830 53.426 5086 | 0+53.76 r.C.C
5$7.033 6.669 | 175.136 | 0.0647%70 11.338 29.7777 ‘?“'
0224338 64.429 7.81% | 0+ 6510 P.C.C 3
65977 9.554 1 158.545 | 0.0730880 11.588 297246} o
0309020 75454 | 11.372 | 0+ 7669 | PCC 2
714.671 13.121 | 145357 ] 0.0814383 11.858 29.6668 §
O410452 86.40% | 15.863 [ 0+ 88.53 P.C.C. -
83.028 17.418 | 134.622 | 0.0897398 12,088 29.6051{ ¥
0528479 97.149 { 71,300 | 1 +00.62 | PCC <
90.944 | 22,480 | 125714 | 00985416 12.338 29.5407| 2
0661994 107.540 | 28,083 | 1 +12.95 rC.C
98,302 28,923 | 118,208 | 0.1064915 12.588 29.4751
.0BOE75H 197.392 | 35.858 | | +25.54 FC.C.
104.968 34943 | 112764 | D. 1148128 12.858 29.4102
126,495 | 44.898 | | + 36,38 Tt
= 0.537
126.855 | 45.298 | 1 + 38.92 T.C
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TABLE 4
Synbol s and Nomencl at ure
Synbol Definition
G Nom nal track gage on tangent track, centerline to centerline of rai

of a two-rail-systemor centerline to centerline of track of a four-
rail-system

G Gage at any P.C.C. of Transition Curve.

G Reduced gage for a given radius.

G Reduced gage at S.C. T.

Gin Reduced gage at P.C.T. or T.C

g Rat e of grade of inside rail

f One hal f equival ent | ength of crane.

e Crane gage (also nornally tangent track gage).

Fl oat Lateral novenent of crane tracks.

F One-hal f maxi mum | ateral float capability, where nmaxi mum fl oat equals

sumof float in either direction

T.S.C Poi nt of Tangent to Switch (fixed) Curve.

S.C.T. End of Switch Curve and begi nning of Flexible Transition Curve (on
i nner alignment).

P.C C Poi nt of Compound Curvature (conmon point of any two successive
circular arcs of transition).

P.C T. Poi nt of Compound Transition (on inner alignnent where no main
circular curve is enployed).

T.C End of Transition Curve (point of Transition Curve to main circul ar
curve).

te Length of lead of inner Switch Curve over outer Switch Curve.

t, Short tangent |ength between outer Switch Curve and outer Flexible

Transi tion Curve.

NOTE: Al'l dinmensions are given in feet, except angles are in degree -
m nutes - seconds
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TABLE 4
Synbol s and Nomencl at ure

Definition

S.Ct,
t,. T
T. t

t.C

© U U oo

NOTE:

Short tangent |ength between sharp end of outer Transition Curve and
begi nni ng of outer main circular curve.

End of outer switch curve and begi nning of tangent t,.
End of tangent t, and begi nning of outer Flexible Transition Curve.
End of outer Flexible Transition Curve and begi nning of tangent t.

End of tangent t and begi nning of main circular curve (on outer
al i gnment) .

Poi nt of tangent to tangent (outer alignment where no main circul ar
curve is enpl oyed).

Degree of curve (central angle subtrended by arc of 100 ft).
Degree of curve at the end of the Switch Curve.

Degree of curve at T.C

Degree of curve at any arc of the Transition Curve.

Di stance of shift of outer transition curve along tangent at
S.C.T. to achieve reduced gage at circular curve

Degree of curve of mmin circular curve

Radi us of flattest arc of Flexible Transition Curve.
Radi us of sharpest arc of Flexible Transition Curve.
Radi us of main circular curve.

Radi us of switch curve (300" constant).

Length of switch curve (20.00 ft.).

Length of Flexible Transition Curve.

Length of Transition Curve (total length of Switch Curve and Fl exible
Transition Curve).

Al'l dinmensions are given in feet, except angles are in degree -
m nutes - seconds
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TABLE 4
Synbol s and Nomencl at ure

Definition

< < X X 3 zZ 2 N N NN

o

=

3

NOTE:

Length al ong Transition Curve fromT.S.C. to any P.C. C.
Length of arc of Fixed Transition Curve (Switch Curve).
Length of arcs of Flexible Transition Curve.

Central angle of circular arcs of Flexible Transition Curve.
Intersection angle of main control tangents.

Central angle of main circular curve

Central angle of switch curve (3° 49" 11").

Central angle fromT.S.C. to any P.C. C.

Central angle of Flexible Transition Curve (S.C.T. to T.C.).
Central angle fromT.S.C. to T.C

One hal f the di stance between the parallel tangent tracks.
Nunber of Arcs of Transition Curve Constant (Eq 1 and 2)
Any point of Compound Curvature.

X-coordinate to point n on inner curve.

X-coordinate to T.C.

Y-coordinate to point n on inner curve.

Y-coordinate to T.C.

X-coordinate to point n on outer curve

Total nunber of wheels of crane.

Y-coordinate to point n on outer curve

Point of intersection of main control tangents.

Al'l dinmensions are given in feet, except angles are in degree -

m nutes - seconds

58



Synbol

M L- HDBK- 1005/ 6

TABLE 4
Synbol s and Nomencl at ure

Definition

Pl .

NOTE:

Point of intersection of main circular curve tangents.
Tangent distance fromPl, to T.S.C.

Tangent distance fromPl, to T.C

Crane wheel suspension (Eq 9 and 10).

Al'l dinmensions are given in feet, except angles are in degree -
m nutes - seconds
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Section 4. PORTAL CRANE TRACK REPLACEMENT CURVE ALI GNMENT

4.1 Gui dance. NAVFACENGCOM Headquarters has a conputer program system
and the acconpanyi ng docunentati on and application nmanuals, entitled TRACKS,
avai l abl e for use on the NAVFAC Conputer Network for replacement track curve
alignment. Although it is not mandatory to use this programfor replacenent
design, its use is highly recomended due to its speed, accuracy and cost

ef fectiveness. Since this programwill play an inportant role in nost track
rehabilitation, the criteria of this section will be guided by the information
needs of the conputer procedure. For information and assistance in the use of
t he TRACKS program contact NAVFACENGCOM Headquarters.

4.2 Survey Requirenments. For all replacement track design, where the
exi sting foundation is to be reused, the foll owi ng survey tol erances are
required.

a) Transit and Di stance Measurenment Tol erance. Transit and
di stance neasurenent survey to |locate the centerline of the existing track
shoul d be nade to the closest .005 foot for distances and 20 seconds for
angles. The centerline of rail for a four-rail systemshall be the centerline
of standard gage, while the centerline of rail for the two-rail system shal
be the centerline of each rail. |If it is the intent to utilize the TRACKS
program the survey data should include for inner and outer rail: delta
angl e, deflection angles to, and chord | engths between points about 5 feet
apart along the existing track. Control points should be made permanent to
| ast at |east 2 years.

b) Dig-Up Survey Measurenment Tol erance. Dig-up survey, to |ocate
the centerline of the existing track in relation to the centerline of the
exi sting foundations, should be made at |ocations spaced at 15-to 25-foot
intervals along the curve. The actual number of dig-up locations is
determ ned by the type of curve and by the matching rel ationship of the rai
and foundation centerlines.

4.3 Foundation Structural Analysis Requirements. A structural analysis
shal |l be nade of the track foundation, for eccentricity, by the responsible
structural authority. This analysis shall produce naxi mum al |l owabl e di stances
that the track centerline may be offset fromthe foundation centerline. These
al l owabl e eccentricities shall not be exceeded by the replacement track design
wi t hout express approval of the cogni zant NAVFACENGCOM Engi neering Field

Di vi si on.

4.4 Repl acenment Track Design Requirenents. A replacenment alignnent
design shall be made of inner and outer rails in accordance with the pertinent
criteria of this chapter and, if the TRACKS conputer programis used, with the
Application Manual for Portal Crane Track Design and the TRACKS Users Manual
Thi s design shall include proper mathematical steps and adequate checks to
insure that the following criteria are satisfied:
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a) Deviations. Deviations of design alignment fromcenterline of
exi sting foundations shall not exceed the allowable structural eccentricities.
Devi ations of 1 inch or |ess can generally be achieved.

by Ofset Cosures. Ofset closures (i.e. the perpendicul ar
di stance fromthe surveyed curve tangent to the design curve tangent, at the
design PT) nmust be 0.2 inch or less. For sketches see Application Manual for
Portal Crane Track Design or TRACKS Users Manual .

c) Tangent C osures. Tangent closures at the m dpoint of the two
partial curves nmaking up a horseshoe curve must not be overlapping. (Tangent
cl osure and horseshoe curves are described in detail in the Application Manual

for Portal Crane Track Design and the TRACKS Users Manual .) Overl apping
tangent closures indicate that the two partial curves have no conmon point of
t angency.

d) Required Float. Required crane float shall not exceed the
allowabl e float for any crane that will traverse the track.

e) Design Gage. Design gage between rails shall be used as a
check of field placenent of track.

f) Physical Cbstructions. Physical obstructions nust be checked
before allowi ng a new crane on the track.

4.5 Rai|l Construction Requirements. Prior to any portal crane track
curve construction, all float requirements of portal cranes traversing the
design curve must be satisfied. W rking drawi ngs showi ng adequate information
for rail fabrication shall be prepared. These draw ngs should be fornal,

scal ed | ayouts of the track alignment and should contain the foll owi ng design
information as a m ni mum

a) Tangent |engths
b) PC, PT and Pl |ocations
c) For each segnent
(1) Tangent offsets to segment PCC points
(2) Delta angles
(3) Radii
(4) Arc Lengths
(5) Stations of PCC s
(6) Gages
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This information is necessary for working drawi ngs for trackage described in
Chapter 2, Section 3 as well. The field survey made for replacenent track
design shall establish reference marks for the placement of rails. Rails
shall be placed within + 1/4 inch of the designed rail centerline alignnent.
Track gage shall be within + 1/2 inch of the design gage. Placenent nethods
shal | be such as not to cause kinks or other sharp changes in the snooth
curvature of the rails.
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NOTE: THE FOLLOW NG REFERENCED DOCUMENTS FORM A PART OF THI' S HANDBOOK TO THE
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GUI DE_SPECI FI CATI ONS:

Unl ess ot herwi se indicated, copies are available fromthe Naval Publishing and
Printing Service Ofice (NPPSO, Standardization Docunent Order Desk, Buil ding
4D, 700 Robbi ns Avenue, Phil adel phia, PA 19111-5094
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NAVY MANUALS, P-PUBLI CATI ONS, AND MAI NTENANCE OPERATI NG MANUALS:

Avai |l abl e from Commandi ng Officer, Naval Publications and Fornms Center,
(NPFC), 5801 Tabor Avenue, Phil adel phia, PA 19120-5099. To order these
docunents: Government agencies nmust use the Mlitary Standard Requisitioning
and | ssue Procedure (MLSTRIP); the private sector nust wite to NPFC,

ATTENTI ON:  Cash Sal es, Code 1051, 5801 Tabor Avenue, Phil adel phia, PA 19120-
5099.

DM 07. 01 Soi | Mechani cs

DM 07. 02 Foundati ons and Earth Structures
DM 38. 01 Wei ght Handl i ng Equi pnent

p-272 Definitive Designs

COVPUTER PROGRAMS

TRACKS Application Manual for Portal Crane
Track Design

TRACKS Users Manual
Unl ess ot herwi se indicated, copies are available from Naval Facilities

Engi neeri ng Command, 200 Stovall Street, Alexandria, VA 22332-2300, ATTENTI ON:
Code 04B.

OTHER GOVERNMENT DOCUMENTS AND PUBLI CATI ONS:

U. S. DEPARTMENT OF TRANSPORTATI ON
Federal Hi ghway Adm nistration

D6. 1 Manual on Uniform Traffic Control Devices
for Streets and Hi ghways, Decenber 1988

Unl ess ot herwi se indicated, copies are avail able from Superintendent of
Docurments, U. S. CGovernnent Printing Office, Washington, DC 20402, Phone 202-
783-3238.
Federal Railroad Adm nistration

Track Safety Standards
Unl ess ot herwi se indicated, copies are avail able from Superintendent of

Docurments, U.S. Governnment Printing Ofice, Washi ngton, DC 20402, Phone 202-
783-3238.

64



M L- HDBK- 1005/ 6

NON- GOVERNMENT PUBLI CATI ONS:

ASSOCI ATI ON OF AMERI CAN RAI LROADS

AAR Specifications for Design, Fabrication and
Construction of Freight Cars, Volume 1

AAR Scal e Handbook

AAR Suppl emrent to Manual of Standards and
Recommended Practices

Unl ess ot herwi se indicated, copies are available fromthe Association of
American Railroads, 50 F Street N. W, Washington, DC 20001-1564, Phone 202-
639-2100.
AMERI CAN RAI LWAY ENG NEERI NG ASSOCI ATl ON
AREA Manual for Railway Engineering, 1990
AREA Portfolio of Trachwork Pl ans, 1990
AREA Bul l etin 709
Unl ess ot herwi se indicated, copies are available fromthe American Rail way
Engi neering Association, 50 F Street, N.W WAshi ngton, DC 20001-1564, Phone
202- 639- 2190.
AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS
ASTM D 751- 89 Standard Test Methods for Coated Fabrics

ASTM D 1682-64 (R 1975) St andard Test Methods for Breaking Load and
El ongati on of Textile Fabrics

ASTM D 1777-64 (R-1975) St andard Met hod for Measuring Thi ckness of
Textile Materials

ASTM D 2261-83 Standard Test Method for Tearing Strength of
Woven Fabrics by the Tongue (Single Rip) Method
(Constant Rate of Extension Tensile Testing
Machi ne)
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ASTM D 2262-83 Standard Test Method for Tearing Strength of
Woven Fabrics by the Tongue (Single Rip) Method
(Constant Rate of Traverse Tensile Testing
Machi ne)

ASTM D 3786-87 Standard Test Method for Hydraulic Bursting
Strength of Knitted Goods and Nonwoven Fabrics -
Di aphragm Bursting Strength Tester Method
Unl ess ot herwi se indicated, copies are available fromthe American Society for
Testing and Materials (ASTM, 1916 Race Street, Philadel phia, PA 19013-1187,
Phone 215-299-5400.
AMERI CAN WOOD PRESERVERS' ASSOCI ATI ON
Crossties and Switchties
Unl ess ot herwi se indicated, copies are available fromthe Anerican Wod
Preservers' Association, P.O Box 849, Stevensville, MD 21666, Phone 301-643-
4163.
NATI ONAL RAI LWAY PUBLI CATI ON CO.
Rai | way Line Cl earances

Unl ess ot herwi se indicated, copies are available fromthe National Railway
Publ i cation Co., 424 West 33rd Street, New York, Ny 10001.

CUSTODI AN PREPARI NG ACTIVITY
NAVY - YD NAVY - YD
PROJIECT NO.
FACR- 1071
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