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Abstract

This document recommends the minimum standards for the welding of rails and related rail components used by rail
vehicles. Repair procedures for rails and austenitic manganese steel components are covered. Thermite welding and
electric flash welding guidelines are discussed. Procedure qualification, welder qualification, and general welding safety
procedures are addressed.
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Statement on the Use of American Welding Society Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American
Welding Society (AWS) are voluntary consensus standards that have been developed in accordance with the rules of the
American National Standards Institute (ANSI). When AWS American National Standards are either incorporated in, or
made part of, documents that are included in federal or state laws and regulations, or the regulations of other governmen-
tal bodies, their provisions carry the full legal authority of the statute. In such cases, any changes in those AWS standards
must be approved by the governmental body having statutory jurisdiction before they can become a part of those laws and
regulations. In all cases, these standards carry the full legal authority of the contract or other document that invokes the
AWS standards. Where this contractual relationship exists, changes in or deviations from requirements of an AWS stan-
dard must be by agreement between the contracting parties.

AWS American National Standards are developed through a consensus standards development process that brings
together volunteers representing varied viewpoints and interests to achieve consensus. While AWS administers the
process and establishes rules to promote fairness in the development of consensus, it does not independently test, evalu-
ate, or verify the accuracy of any information or the soundness of any judgments contained in its standards.

AWS disclaims liability for any injury to persons or to property, or other damages of any nature whatsoever, whether spe-
cial, indirect, consequential, or compensatory, directly or indirectly resulting from the publication, use of, or reliance on
this standard. AWS also makes no guarantee or warranty as to the accuracy or completeness of any information published
herein.

In issuing and making this standard available, AWS is neither undertaking to render professional or other services for or
on behalf of any person or entity, nor is AWS undertaking to perform any duty owed by any person or entity to someone
else. Anyone using these documents should rely on his or her own independent judgment or, as appropriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances. It is
assumed that the use of this standard and its provisions is entrusted to appropriately qualified and competent personnel.

This standard may be superseded by new editions. This standard may also be corrected through publication of amend-
ments or errata, or supplemented by publication of addenda. Information on the latest editions of AWS standards includ-
ing amendments, errata, and addenda is posted on the AWS web page (www.aws.org). Users should ensure that they have
the latest edition, amendments, errata, and addenda.

Publication of this standard does not authorize infringement of any patent or trade name. Users of this standard accept any
and all liabilities for infringement of any patent or trade name items. AWS disclaims liability for the infringement of any
patent or product trade name resulting from the use of this standard.

AWS does not monitor, police, or enforce compliance with this standard, nor does it have the power to do so.

Official interpretations of any of the technical requirements of this standard may only be obtained by sending a request,
in writing, to the appropriate technical committee. Such requests should be addressed to the American Welding Society,
Attention: Managing Director, Technical Services Division, 8669 Doral Blvd., Suite 130, Doral, FL 33166 (see Annex
F). With regard to technical inquiries made concerning AWS standards, oral opinions on AWS standards may be ren-
dered. These opinions are offered solely as a convenience to users of this standard, and they do not constitute professional
advice. Such opinions represent only the personal opinions of the particular individuals giving them. These individuals
do not speak on behalf of AWS, nor do these oral opinions constitute official or unofficial opinions or interpretations of
AWS. In addition, oral opinions are informal and should not be used as a substitute for an official interpretation.

This standard is subject to revision at any time by the AWS D15 Committee on Railroad Welding. It must be reviewed
every five years, and if not revised, it must be either reaffirmed or withdrawn. Comments (recommendations, additions,
or deletions) and any pertinent data that may be of use in improving this standard are required and should be addressed
to AWS Headquarters. Such comments will receive careful consideration by the AWS D15 Committee on Railroad
Welding and the author of the comments will be informed of the Committee’s response to the comments. Guests are
invited to attend all meetings of the AWS D15 Committee on Railroad Welding to express their comments verbally.
Procedures for appeal of an adverse decision concerning all such comments are provided in the Rules of Operation of the
Technical Activities Committee. A copy of these Rules can be obtained from the American Welding Society, 8669 Doral
Blvd., Suite 130, Doral, FL 33166.

Documents

iii Document Sharing Hub

Full document details: D15.2 - D15.2M-2013


http://www.avadocuments.com/doc/d15-2-d15-2m-2013
http://www.avadocuments.com/doc/d15-2-d15-2m-2013

AWS D15.2/D15.2M:2013

This page is intentionally blank.

Documents

iv Document Sharing Hub

Full document details: D15.2 - D15.2M-2013


http://www.avadocuments.com/doc/d15-2-d15-2m-2013
http://www.avadocuments.com/doc/d15-2-d15-2m-2013

AWS D15.2/D15.2M:2013

Personnel

AWS D15 Committee on Railroad Welding

M. R. Untermeyer, Chair
R. A. Wolbert, Vice Chair
J. B. Pearson, Jr., 2nd Vice Chair
S. N. Borrero, Secretary
D. M. Allbritten

R. C. Bly

C. Boulden

L. B. Broadway

N. S. Brown

R. A. Conrad

S. A. Coughlin

M. R. Desjardins

M. A. Forsstrom

C. J. Gamblin

J. Haacke

D. S. Lassen

T. M. Nelson

B. W. Siebold

T. D. Spry

L. H. Strouse

A. Willaredt

Union Tank Car Company
Progress Rail Services Corporation
LTK Engineering Services
American Welding Society

GE Equipment Services-Rail

TTX Company — Hamburg Division
TrinityRail Group

American Railcar Industries
Canadian Pacific Railway

Hobart Brothers

Consultant

National Steel Car Limited
Greenbrier Rail Services
ALLTRANSTEK, LLC

Motive Power

Greenbrier Rail Services

LTK Engineering Services

BNSF Railway Company

Electro Motive Diesel, Incorporated
Federal Railroad Administration
American Railcar Industries

Advisors to the AWS D15 Committee on Railroad Welding

B. C. Blackwell
W. Blamire

J. L. Cooley

W. Jaxa-Rozen
M. MacGillivray
J. R. Murray

R. D. Stiffler

D. A. Wright

Standard Car Truck Company
Norfolk Southern Corporation
JC and Associates, Incorporated
Bombardier Transportation
Hobart Brothers of Canada, LTD
TTX Company

PA

Wright Welding Technologies

AWS D15C Subcommittee on Track Welding

R. L. Bell, Chair

A. Hernandez, Vice Chair
S. N. Borrero, Secretary
R. E. Adler

D. A. Bjork

W. M. Blamire

D. N. Blowatt

M. J. Boos

W. C. Bragg

N. S. Brown

C. J. Bunzendahl

G. K. Clem

T.Y. Gehr, Jr.

D. I. Gregory

Full document details: D15.2 - D15.2M-2013

BNSF Railway Company

Union Pacific Railroad Company
American Welding Society

BNSF Railway Company

Canadian National Railway Company
Norfolk Southern Corporation
Canadian National Railway Company
Union Pacific Railroad
Orgo-Thermit, Incorporated
Canadian Pacific Railway

J.B. Railroad Services, LLC

GKC Consulting Company

Esco Equipment Service Company
Track-Weld

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/d15-2-d15-2m-2013
http://www.avadocuments.com/doc/d15-2-d15-2m-2013

AWS D15.2/D15.2M:2013

J. R. Hansen

F. C. Hefer

R. Kral

N. A. Kruckenberg
P.J. Lawless

S. E. Markis

B. A. Meade

T. A. Nelson

J. B. Pearson, Jr.
A. Pierson

R. P Roper

T. L. Swalboski
S. W. Tribble
M. K. Wilson

B. E. Wylie

Railworks

Orgo-Thermit, Incorporated
Holland Company

Canadian National Railway Company
BNSF Railway Company

Norfolk Southern Corporation

The Lincoln Electric Company

LTK Engineering Services

LTK Engineering Services

Norfolk Southern Corporation

CSX Transportation

Railworks

Track-Weld Industries, Incorporated
CSX Transportation

Orgo-Thermit, Incorporated

Advisors to the AWS D15C Subcommittee on Track Welding

T. L. Baxley

K. K. Hamik

R. S. Koblinski

S. O. Scharnweber
J. Sun

M. R. Untermeyer
J. S. Wiederholt

Full document details: D15.2 - D15.2M-2013

vi

Norfolk Southern Corporation
BNSF Railway Company

METRA

Cold Railroad Builders
Association of American Railroads
Union Tank Car Company

BNSF Railway Company

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/d15-2-d15-2m-2013
http://www.avadocuments.com/doc/d15-2-d15-2m-2013

AWS D15.2/D15.2M:2013

Foreword

This foreword is not part of AWS D15.2/D15.2M:2013, Recommended Practices for the Welding of Rails and Related
Rail Components for Use by Rail Vehicles, but is included for informational purposes only.

This recommended practice establishes standards for the joining, repair, maintenance and inspection of rail welds, and
the welding of related rail components. It was developed and is maintained by the Subcommittee on Track Welding
within the AWS Committee on Railroad Welding.

The welding of rails and related rail components for use by rail vehicles is vital to the safe and economical operation of
American railroads. This subcommittee has endeavored to develop these recommended practices to serve as a guideline
for the railroad and related industries in the establishment of track welding specifications. The subcommittee is made up
of individuals from all segments of the railroad industry, both users and suppliers, and representatives of both the
Association of American Railroads and the American Railway Engineering and Maintenance-of-Way Association.

The purpose of this document is to provide a single comprehensive source of information that will be used throughout the
railroad industry. It should act as a guideline towards improving welding quality through the economical joining and
repair of rail and rail components.

The evolution of AWS D15.2, Recommended Practices for the Welding of Rails and Related Rail Components for Use
by Rail Vehicles, is shown below:

ANSI/AWS D15.2-94, Recommended Practices for the Welding of Rails and Related Rail Components for Use by Rail Vehicles
AWS D15.2:2003, Recommended Practices for the Welding of Rails and Related Rail Components for Use by Rail Vehicles

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary,
AWS D15 Committee on Railroad Welding, American Welding Society, 8669 Doral Blvd., Suite 130, Doral, FL 33166.
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Recommended Practices for the Welding of Rails and
Related Rail Components for Use by Rail Vehicles

1. General Requirements

1.1 Scope. This document recommends standards for joining, repair, maintenance, inspection of rail welds, and related
rail components. For the purposes of this document, rails include railroad rails, crane rails, guard rails, electrical contact
rails, girder rails, and retarder rails. Classification of rails is based on the American Railway Engineering and
Maintenance-of-Way Association (AREMA) specifications governing the manufacture of rails.

Related rail components include rail crossings and turnouts which further include switch points, stock rails, switch point
guards, spacer blocks, connecting rods, switch rods, plates, frogs, and frog components.

The use of track components reconditioned by welding is a decision of the rail owner outside the scope of this document.
This document does not include road bed maintenance except where it affects the expected life of the repair.

Welding processes addressed in this document include shielded metal arc welding (SMAW), gas metal arc welding
(GMAW), flux cored arc welding (FCAW), flash welding (FW), and thermite welding (TW). See Annex A and the
Welding Handbook, Volumes 2 and 3, Ninth Edition for details on these processes.

1.2 Units of Measurement. This standard makes use of both U.S. Customary Units and the International System of
Units (SI). The latter are shown within brackets [ ], or in appropriate columns in tables and figures. The measurements
may not be exact equivalents; therefore, each system must be used independently.

1.3 Safety. Safety and health issues and concerns are beyond the scope of this standard; some safety and health
information is provided, but such issues are not fully addressed herein.

Safety and health information is available from the following sources:
American Welding Society
(1) ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes
(2) AWS Safety and Health Fact Sheets
(3) Other safety and health information on the AWS website
Material or Equipment Manufacturers:
(1) Material Safety Data Sheets supplied by materials manufacturers
(2) Operating Manuals supplied by equipment manufacturers
Applicable Regulatory Agencies
(1) Code of Federal Regulations (CFR), Title 49, Part 214, Railroad Workplace Safety.

Work performed in accordance with this standard may involve the use of materials that have been deemed hazardous and
may involve operations or equipment that may cause injury or death. This standard does not purport to address all safety
and health risks that may be encountered. The user of this standard should establish an appropriate safety program to
address such risks as well as to meet applicable regulatory requirements. ANSI Z49.1 should be considered when
developing the safety program.
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2. Normative References

The standards listed below contain provisions that, through reference in this text, constitute mandatory provisions of this
AWS standard. For undated references, the latest edition of the referenced standard shall apply. For dated references, sub-
sequent amendments to, or revisions of, any of these publications do not apply.

American Welding Society (AWS) documents:!
AWS A2.4, Standard Symbols for Welding, Brazing, and Nondestructive Examination;
AWS A3.0M/A3.0, Standard Welding Terms and Definitions;
AWS A5.13/A5.13M, Specification for Surfacing Electrodes for Shielded Metal Arc Welding;
AWS A5.21/A5.21M, Specification for Composite Surfacing Welding Rods and Electrodes;
AWS B1.10M/B1.10, Guide for the Nondestructive Examination of Welds;
AWS B2.1/B2.1M, Specification for Welding Procedure and Performance Qualification;
AWS D15.1/D15.1M, Railroad Welding Specification for Cars and Locomotives; and
AWS Welding Handbook, Volumes 2 and 3, Ninth Edition.

American National Standards Institute (ANSI) document:?
ANSI 749.1, Safety in Welding, Cutting, and Allied Processes

American Railway Engineering and Maintenance-of-Way Association (AREMA) document:3
AREMA Manual for Railway Engineering, Chapter 4, Rail.

ASTM International documents:*
ASTM A36/A36M, Standard Specification for Carbon Structural Steel,

ASTM E140, Standard Hardness Conversion for Metals (Relationship Among Brinell Hardness, Vickers Hardness,
Rockwell Hardness, Superficial Hardness, Knoop Hardness, and Scleroscope Hardness);,

ASTM E164, Standard Practice for Contact Ultrasonic Testing of Weldments;
ASTM E1417, Standard Practice for Liquid Penetrant Testing; and
ASTM E709, Standard Guide for Magnetic Particle Testing.
Code of Federal Regulations (CFR) document:>
Code of Federal Regulation, Title 49 (Transportation), Volume 4, Chapter 2, Parts 200-299.

3. Terms and Definitions

AWS A3.0M/A3.0, Standard Welding Terms and Definitions, Including Terms for Adhesive Bonding, Brazing,
Soldering, Thermal Cutting, and Thermal Spraying, provides the basis for terminology used herein.

AWS documents are published by the American Welding Society, 8669 Doral Blvd., Suite 130, Doral, FL 33166.
This ANSI standard is published by the American Welding Society, 8669 Doral Blvd., Suite 130, Doral, FL 33166.
AREMA documents are published by the American Railway Engineering and Maintenance-of-Way Association, 10003
Derekwood Lane, Suite 210, Lanham, MD 20706-4875.
4 ASTM International standards are published by ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA

W

19428-2959.
5 Federal regulations are published by the U.S. Government Bookstore, Wells Fargo Building, 201 West 8th, Pueblo, CO 81003, or
http://www.gpo.gov/.
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4. Rail, Rail Components Manufactured from Rail, and Their Repair
It is essential to identify the rail or rail base metal material to attain optimal results in selecting the welding procedure.

4.1 Specific Items. These recommendations apply to, but are not limited to, the items listed in the scope of this
document.

4.2 Welding and Joining Processes. Processes include shielded metal arc welding (SMAW), gas metal arc welding
(GMAW), flux cored arc welding (FCAW), flash welding (FW), and thermite welding (TW).

4.3 Railroad Rail Welding
4.3.1 Railroad Rail Grades
4.3.1.1 Standard Carbon steel rail has a minimum hardness of 248 BHN.

4.3.1.2 Premium carbon steel rail has a nominal hardness exceeding 341 BHN. This hardness may be the result of
alloy composition (nonheat treated) or heat treatment process. Heat treated rail and other variations may require special
welding procedures as recommended by the rail manufacturer or filler metal producer, or both.

4.3.1.3 Electrical contact rails are low carbon steel rails without hardness requirements.
4.3.2 Procedure Requirements for Arc Welding of Carbon Steel Rail

4.3.2.1 Preheating the weld area to a minimum of 700°F [370°C] not to exceed 1000°F [538°C] as measured
immediately before welding is recommended to equalize temperature in the workpiece and to reduce the cooling rate.

4.3.2.2 Interpass temperature shall be within the same range as the preheat temperature to maintain temperature in
the workpiece.

4.3.2.3 Weld deposit should have a nominal surface hardness compatible with the existing base metal to eliminate
deformation or cracking of the weld.

4.3.2.4 Postweld heat treatment is recommended between 1000°F to 1100°F [538 °C to 593 °C], but is not required
unless dictated by past experience or by approved railroad welding procedures.

4.3.3 Procedure Requirements for Arc Welding of Premium Carbon Steel Rail

4.3.3.1 Remove grease, oil, paint, dirt, and other deleterious matter that will adversely affect weld quality. Inspect
the entire area for cracks and other defects. Liquid penetrant testing may be used to locate and define the cracks.

4.3.3.2 A preheat temperature of a minimum of 700°F [370°C] not to exceed 1000 °F [538°C] is recommended
for alloy steel rail.

4.4 Repair of Battered Rail Ends and Wheel Burns (Carbon Steel or Premium Carbon Steel Rail)

4.4.1 Carbon steel or premium carbon steel rail may be repaired using an arc welding process selected from 4.2 and
Table 4.1.

Table 4.1
Welding Processes for Carbon and Premium Carbon
Steel Rail Components

Component Material Processes

Carbon Steel Shielded metal arc welding (SMAW)
Gas metal arc welding (GMAW)
Flux cored arc welding (FCAW)

Premium Carbon Steel Flash welding (FW)
Thermite welding (TW)
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4.4.2 Rail Preparation
4.4.2.1 Visually inspect the rail to determine repairability in accordance with the rail owner’s policy.

4.4.2.2 Defective material shall be removed to sound base metal. Soundness may be checked using liquid penetrant
or magnetic particle testing (see Clause 10).

4.4.3 Welding Procedure

4.4.3.1 As outlined in 4.3.2 or 4.3.3, preheat the repair area a minimum of 4 in [100 mm] longitudinally beyond the
weld area in both directions.

4.4.3.2 Interpass temperature shall be the same as the preheat temperature range outlined in 4.3.2.2.

4.4.3.3 All the above recommended temperatures are dependent on the base metal composition, the filler metal
used, ambient temperature, weather conditions, and the manufacturer’s recommendations.

4.4.3.4 Welding should progress primarily along the rail length by placing weld metal in a chevron or diagonal
pattern across the rail.

4.4.3.5 See Figure 4.1 for a typical chevron pattern.
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Figure 4.1—Typical Weld Pattern for Rail End Repair
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4.4.3.6 Provisions must be made to minimize distortion of the weld area.

4.4.3.7 All weld craters should be filled by reversing direction and welding back into the bead before breaking
the arc.

4.4.3.8 Arc strikes shall not be permitted outside the preheated repair area. Accidental arc strikes outside the repair
area shall be repaired in accordance with the provisions of 4.4.2.2.

4.4.4 Finish Grinding

4.4.4.1 Welds should be finish ground according to approved procedures on the same work day the rail is welded
to minimize impact loading and prevent weld deformation.

4.4.4.2 Finish surface of the weld should be smooth and uniform with the existing rail contour.
4.5 Repair of Rail-Type Switch Points and Switch Point Protectors

4.5.1 Weld repair of austenitic manganese steel switch points is not recommended because the heat input is difficult to
control properly to limit distortion.

4.5.2 Carbon steel and premium carbon steel rail components may be welded by the arc welding processes shown in
Table 4.1.

4.5.3 Visually inspect the switch point or switch point protector to determine the repairability in accordance with the
rail owner’s policy.

4.5.4 Defective material shall be removed to sound base metal. Soundness may be determined by liquid penetrant (see
Clause 10).

4.5.5 In order to minimize distortion of the switch point and stock rail during cooling, pre- and postheating should be
balanced over the base/web intersection and the repair area.

4.5.6 Switch Point Repair Procedure

4.5.6.1 Welding the switch point against a stock rail without the use of a copper backing plate is not recommended
because of the possibility of arc strikes on the stock rail.

4.5.6.2 Switch point must be protected from traffic movement during welding, cooling, and finish grinding.

4.5.6.3 When using arc welding processes, hammer shaping of repaired carbon steel or heat treated rail switch
points is not recommended as hot tearing at the weld metal grain boundaries may occur.

4.5.7 Preheat Procedure. Preheat the switch point assembly in the weld areas, as measured immediately before
welding, to a minimum of 700°F [370°C] not to exceed 1000°F [538°C] unless otherwise recommended by the rail
owner. If there are differences between the recommendations of the rail owner and this document, the rail owner’s
recommendation shall prevail.

4.5.8 Minimum interpass temperature shall be the same as the preheat temperature.

4.5.9 Application of Filler Metal
4.5.9.1 Weld bead pattern shall be in accordance with the welding procedure specification (WPS).
4.5.9.2 All welds shall be finished to the existing rail contour.

4.5.9.3 Arc strikes shall not be permitted outside the preheated weld repair area because they may cause cracks.
Arc strikes outside the repair area shall be repaired by grinding defective material to sound metal. Soundness may be
determined by liquid penetrant inspection (see Clause 10). If welding repairs are required, see 4.3.3.

4.6 Frogs, Crossings, and Other Components Made from Rail Steel. Practices outlined in 4.4 are applicable.

4.7 Miscellaneous Carbon Steel and Premium Carbon Steel Components. Practices outlined in 4.4 may be
applicable.
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5. Repair or Fabrication of Components Manufactured from
Austenitic Manganese Steel

5.1 Metallurgical Background. For a general discussion of the welding of austenitic manganese steel see Annex B.

5.2 Components. Components that may be made of austenitic manganese steel include, but are not limited to, frogs,
crossings, switch point guards, casting inserts, and bridge track components.

If composition of the component is in doubt, use a hand magnet for identification purposes. Austenitic manganese steel
components will be nonmagnetic or slightly magnetic. The carbon steel or premium carbon steel component will be
strongly magnetic.

5.3 Welding Processes
5.3.1 Manual welding processes are restricted to shielded metal arc welding.
5.3.2 Semiautomatic welding processes are restricted to flux cored arc welding.
5.4 Filler Metals

5.4.1 Austenitic manganese steel shall not be surfaced nor joined using carbon steel or low alloy steel welding
electrodes or welding wires.

5.4.2 Austenitic Manganese Steel Welding Electrodes

5.4.2.1 Details for several basic compositions of filler materials are found in AWS A5.13/A5.13M, Specification
for Surfacing Electrodes for Shielded Metal Arc Welding, and AWS AS5.21/A5.21M, Specification for Composite
Surfacing Welding Rods and Electrodes.

5.4.2.2 AWS A5.13/A5.13M and AWS A5.21/A5.21M reflect the variety of modifications of the basic austenitic
manganese steel composition currently available. The electrodes generally deposit undiluted weld metal with manganese
content in excess of 14% plus smaller additions, alone or in combination, of nickel, molybdenum, chromium, or vanadium.

5.4.2.3 The range of properties developed by these electrodes enables the user to select the combination best suited
for the particular application. For example, an overlay with relatively high yield strength might be used to build up the
running surface of frogs whereas an alloy with a yield strength more closely matching that of the base metal might be
used to repair a deep crack.

5.4.3 Special chromium-nickel-iron and chromium-manganese-nickel-iron austenitic electrodes are acceptable to
weld austenitic manganese steel base metal.

5.5 Preparation for Welding
5.5.1 Austenitic Manganese Steel Castings

5.5.1.1 Grease, rust, and dirt shall be removed from the surfaces by appropriate means and the entire
casting inspected for cracks and other defects. Liquid penetrant testing may be used to locate and define the cracks
(see Clause 10).

5.5.1.2 Cracks shall be removed as completely as practical by grinding or air arc gouging. The latter is the preferred
process. When air arc gouging, follow these procedures:

(1) Locate the end of the crack using a shallow cut.

(2) Make a deeper cut moving from the end of the crack towards the edge of the casting.

(3) If the crack does not extend to the edge, proceed from the ends towards the middle of the crack.

(4) Utilize straight rapid cuts when gouging.

(5) Groove should be kept just wide enough to permit electrode manipulation during welding.

(6) Base metal temperature shall not exceed 500°F [260°C] at a point 1 in [25 mm] from the area being gouged.
(7) Metal and oxides shall be eliminated from the cut groove by grinding.

5.5.1.3 Worn areas should be located using a straight edge or template and marked.
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5.5.1.4 Work hardened (plastically deformed) metal shall be removed (this includes weld deposits impacted by
traffic during repair).

5.5.1.5 Sharp edges along flangeway surfaces should be rounded slightly.

5.5.2 For Castings to be Welded in Track. Track conditions that may have contributed to the damaged or worn
casting shall be corrected prior to welding.

5.5.3 For Castings to be Shop Repaired
5.5.3.1 Disassemble rail-bound frogs before examination for cracks.
5.5.3.2 Distortion control procedures such as pre- or postweld bending should be considered by the repair shop.
5.6 General Welding Recommendations for Austenitic Manganese Steel

The repair of each worn casting tends to be an individual job not subject to rigid definition. Therefore, the recommenda-
tions of this subclause are of a general nature applicable to a wide variety of applications.

5.6.1 When the casting temperature is below 32°F [0°C], it shall be warmed to approximately 70°F [21°C] before
any welding or gouging. Interpass temperatures shall not exceed 500°F [260°C] at a point 1 in [25 mm] from the area
being welded.

5.6.2 Diameter of covered electrodes for SMAW should not exceed 3/16 in [5 mm].
5.6.3 Diameter of flux cored wire for semiautomatic welding should not exceed 5/64 in [2 mm)].

5.6.4 Welding current and travel speed should be appropriate to ensure adequate penetration, bead tie-in, and lowest
thermal input. Excessive current should be avoided to prevent heat buildup.

5.6.5 Arc length should be maintained as short as possible while maintaining good arc characteristics.
5.6.6 Weld beads should be slightly crowned and no more than 5/8 in [16 mm] in width.

5.6.7 Length of individual weld bead should not exceed 10 in [250 mm] when welding in track. In the shop where
precautions can be taken to minimize distortion and heat buildup, longer welds are permitted.

5.6.8 Casting temperature shall be monitored frequently. Welding shall be discontinued in any area where the
interpass temperature exceeds 500°F [260°C] measured 1 in [25 mm] from the weld area.

5.6.8.1 Quenching is recommended to prevent overheating the casting.
5.6.8.2 Skip welding should be used to minimize heat buildup (see Figure 5.1).

5.6.9 Carbon blocks or copper plates may be used in the flangeways to maintain proper contour and minimize finish
grinding.

5.6.10 Flangeway beads should be deposited first.

5.6.11 Adjacent beads should have tie-in by 35%—-50%.

5.6.12 The direction of travel for the successive beads shall be reversed to minimize stress buildup.
5.6.13 The end of welds should be staggered to further minimize stress buildup.

5.6.14 Weld beads shall not be started or stopped at the edge of the casting to prevent weld undercut.
5.6.15 Weld beads on frog wings or points should be parallel to the flangeways.

5.6.16 The general procedure for welding frog points is as follows:

5.6.16.1 Welding should start at the lowest point of the repair area gradually building up to the full width of the
repair to maintain weld integrity.

5.6.16.2 The arc should be struck about 1/2 in [13 mm] ahead of the direction of travel where the beads are to begin.
5.6.16.3 Craters shall be filled by reversing direction and welding back into the bead before breaking the arc.

5.6.17 Successive layers may be applied to achieve the desired thickness of buildup.
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