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SPECIAL NOTES

API publications necessatily address problems of a general naturc. With respect to partic-
ular circumstances, local, state, and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or
federal Jaws.

Information concerning safety and health risks and proper precautions with respect to par-
ticular materials and conditions should be obtained from the employer, the manufacturer or
supplier of that material, or the material safety data sheet.

Nothing contained in any API publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any meihod, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for inlringcment of letters patent.

Generally, API standards are reviewed and revised, reaffirmed. or withdrawn at least every
five ycars. Sometimes a one-time extension of up to two years will be added 1o this review
cycle. This publication will no longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the API Authoring Department [Lelephone (202)
682-8000]. A catalog of API publications and materials is published annually and updated
quarterly by APL, 1220 L Strect, N'W., Washingion, D.C, 20005,

This document was produced under API standardization procedures that ensure appropri-
ate notification and participation in the developmental process and is designated as an API
standard. Questions concerning the interpretation of the content of this standard or com-
ments and questions concerning the procedures under which this standard was developed
should be directed in writing to the director of the Authoring Department (shown on the title
page of this document), American Petroleum Institute, 1220 L Street, N.'W., Washington,
D.C. 20005.

APT standards are published to facilitate the broad avatlability of proven, sound engineer-
ing and operating practices. These standards are not imtended to cbviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be
utilized. The formulation and publication of API standards is not intended in any way to
inhibit anyone from using any other practices.

Any manufacturer marking cquipment or materials in conformance with the marking
requirements of an APT standard is selely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.,

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise,
without prior writtent permission from the publisher. Contazet the Publisher;

AP Publishing Services, 1220 L Street, N W, Washington, D.C. 20005,

Copyright © 1996 American Petroleum Institute
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FOREWORD

This recommended practice shall bocome effective on the date printed on the cover but
may be used voluntarily from the date of distribution. Recommended Practice 5Lt is under
the jurisdiction of the Subcommittee on Standardization of Tubular Goods of the American
Petroleum Tnstitute,

Line pipe shipped by rail is loaded either in gondola cars or on flatcars. In gither case, the
loading practice shall be designed to assure that pipe. when transported under nornal condi-
tions by all rail carriers involved, will arrive ar the destination undamaged.

These supplementary recommendations have resulted from experience of the shippers of
line pipe showing that damage to pipe during rail shipments consists of three principal types:

a. End damage: Pipe end damage can result from longitudinal shifting of the load into the
end of the car body or the pipe pile on an adjacent car.

b. Abrasions or peening: These result from rubbing or pounding action against some protru-
sion, such as weld reinforcement of adjacent pipe or a rivet head in the car bottom or side
wall, This condition may also be followed by the initiation of fatigue cracks al the domaged
arcas during transit,

¢. Longitudinal fatigue cracks: Longitudinal faugue cracks can be initiated in the pipe by
vertical vibrations and forces, rcpeated many times during long rail trips. These fatigue
cracks are the resolt of a combination of static and cyclic stresscs prodduced by the static load
of upper layers of pipe and a cyclic luad caused by the vertical movement of the transporta-

tion equipment, Fatigue cracks are often associated with tocal abrasion or dentin g but may
arise with no apparent surface damage.

Such damage, called transit farigue, has been reported in pipe with diameter-1o-thickness
ratios as low as 12.5 and, even though transit fatizuc does not appear to be grade related, it
has been reported on pipe in Grades B through X70. (See T.V. Bruno, “How To Prevent
Transit Fatigue 10 Tubular Goods,” Pipe Line Industry, July 1968, pp. 31-34.} Cracks have
been found at three general locations: along the edge of submerged-arc welds, in the pipe
base metal at areas of denting or abrasion, and at the pipe cnds.

The variables that influence transit fatigue include the magnitude of the static stress, the
number and magnitude of the cyclic stresses, the size of the contact area, the nature of the
bearing surface, the degree of surface damage, and the ambient environment, The stress lim-
its given in 4.3 of this document are intended to keep static and cyclic stresses to levels suffi-
ciently low to avoid transit fatigue. However, contact with hard surfaces. such as rivet heads,
nails, holts or other debris, steel stanchions, wire cables, and so forth, can lead to transit
fatigue even when stresses are properly controlled. Corrosive atmospheres, such as might be
encountered inhumid coastal or industrial areas, can accelerate fatiguc damage,

Transit fatigue generally causes multiple cracks emanating from the area of surface con-
lact. A distinclive feature of transit fatigue is that cracks will wsually be found at both the
inside and outside surfaces.

AFI publications may be used by anyone desiring to do so. Every cfTort has been made by
the Institute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
from its use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

Suggested revisions are invited and should be submitted (o the director of the Exploration

and Production Department, American Petroleum Institute, 1220 L Street, M. W., Washing-
ton, D.C. 20005.
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Recommended Practice for Railroad Transportation of Line Pipe

1 SCOPE
1.1 General

'The recommendations provided herein apply to the trans-
portation on railears of APT Specification 5L steel line pipe in
sizes 2% inch ouside diameter (OD) and larger in lengths
longer than single random. The recommendations of Section
4 concerned with Joad stresses arc exclusively applicable to
API line pipe having diameter to thickness {D/¢) ratios of 30
or murc. However, pipe with D¥r ratios well below 50 may
suffer faliguc in transit under some circumstances, as noted in
the foreword.

Thesc recommendations cover coated or uncoated pipe, but
they do not encompass loading practices designed to protect
pipe coating from damage.

1.2 Basic Rules and Requirements

Certain minimum mandatory rules govemning the loading
practices arc prescribed by the Association of American Rail-
roads (AAR) as referenced in the next section.

The recommendations given herein are supplementary to
the AAR loading practices. If any recommendations are in

conflict with AAR loading practices, those of AAR shall
gD\'Cl'l'.l.

Note: i the AAR loading rules are not applicable 1o the railroad transporta-
tion of line pipe in the country of origin, the basic loading practice shall be as
prescribed in the applicable nationally recognized loading rules and require-
ments for the type of railroad cars used in the country of origin and that
document becomes the reference to which these supplementary revommen-
datipns apply.

These supplementary recommendations to AAR rules are
for the convenience of purchasers and manufacturers in the
loading and shipping of pipe and are not intended to inhibit
purchasers and manufacturers from using other supplemen-

tary loading and shipping practices by mutual agreement.

2 REFERENCES

Unless otherwise specified, the most recent editions or
revisions of the following publications form a part of this rec-
ommended practice:

API
Spec 5L Specification for Line Pipe
AAR!
General Rutes Governing the Loading of Commodities on
Open Top Cars

General Rules Governing the Loading of Fipe on Open
Top Cars

| Association of American Railroads, 50 F Sweet, N.W., Washington, D.C.
20001,

Copyright by the American Petraleum Institute
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3 GENERAL REQUIREMENTS (FOR ALL
PIPE 2% INCH OD AND LARGER)

3.1 Railcar Condition

Cars used to ship pipe shall be reasonably free of all for-
eign materials, particularly those of such size and hardness
that could damage pipe during shipment by abrasion or that
could contribute to movement of the pipe in the car during
shipping or humping. Cars that have metallic protrusions on
the: bed or sides (such as bent or lor parts) that would require
excessive thickness of bearing strips or of side stakes (o pre-
vent contact of the protrusion with the pipe during shipment
shall not be used,

3.2 Bearing Strips and Blocking

Metallic bearing strips are prohibited. Side protection shall
be provided for pipe shipped in gondola cars where the pipe
may contact the sides of the car. Blocking, where required
because of uneven car sides, should be introduced between
car sides and stakes, and firmly attached to stakes.

The thickness of the bearing strips shall be sufficient 10
prevent the pipe from touching the bed or protrusions
thereon, but in no case less than 2-inch nominal thickness
and 4-inch nominal width. Furthermore, the following situa-
tions shall require 2-inch nominal thickness and 6-inch nom-
inal width for bearing strips, except where AAR stipulates
greater dimensions: pipe 2 6-inch OD in Hoating loads, and
pipe 2 20-inch OD in loads other than floating, Strip height
shail not exceed strip width. A minimum of four bearing
strips shall be used, and an even number of bearing strips
should be used for each pipe stack. Bearing strips shall be
evenly spaced {sec 4.5 and 4.6 for bearing-strip requirements
for pipe with D/t ratios of 50 or more).

The bearing strips shall be aligned so that the load on indi-
vidual bearing members will not be excessive. All intermedi-
atc bearing members should be level with respect to the end
bearing members within approximately % inch for pipe 6%-
inch to 16-inch OD exclusive, and within approximately 14
inch for pipe 16-inch OD and larger or for any pipe having a
D/t ratio of 50 or more. The blocking used for leveling shall
be firmly attached to 1he bearing members.

3.3 Separator Strips

Horizomial separator strips shall be used when the pipe is
not nested. The number and width of separator stuips shall
conform to the siress requirements for bearing strips, and the
location of separator strips should be directly above the bot-
tom bearing strips. For single or double overhanging loads
using separator strips, such strips shall also be used on the
overhunging portion, and this portion shalt be steel banded,
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regardless of the Dft ratio. Overhang shall not exceed the
roquitements in 4.5 and 4.7,

3.4 Handling Equipment

When end hooks are used for handling pipe, they shall be
designed to prevent end damage and should be lined in the
area of land (bevel face) contact with a cushioning malerial
(for example, a nonmetallic material such as rubber or a
metallic material such as aluminum, but brass or copper shal!
be excluded). They shall also have sufficient width and depih
to fit the internal curvature of Lhe pipe. Elastomeric aprons
shall be attached to pipe hooks to protect the pipe ends unless
pipe ends are provided with adequate end protectors. Lifting
shall be carried out in such a manner that impact loads suffi-
cient to cause local denting or out-of-roundness of pipe body
or pipe ends will not occur. When the pipe is handled by loose
lifts, all necessary precautiens should be taken during han-
dling to prevent pipe damage, and consideration should be
given to selection of slings that will prevent surface damage.
Where fork lifis are used, the fork ends shall be rounded or
properly padded to minimize damage to the pipe.

3.5 Pipe With Filler Metal Weld Seams

Pipe with filler metal weld scams (SAW and GMAW) shal]
be positioned or padded in such a manncr that the weld does
not contact the blocking or adjacent pipe. When horizonial
siripping 1s used for straight filler metal weld seam pipe
(SAW and GMAW), the weld seam shall be positioned at 43
degrees, 5 degrees, from vertical. Pipe with a straight filler
metal weld scam (SAW and GMAW) shall be positioned with
the seam at ¢ degrees {in other words, 12 o’clock posilion)
when nested.

3.6 End Protection (Gondolas)

If any of the pipe ends are closer than 3 foet to the end of
the car, 2 minimum of l-inch nominal thickness rough lum-
ber, or its equivalent, shall be securely attached ¢o the end of
the car te prevent the pipe ends from contaciing the cnd gates.
Permanently wood-lined end gates are considered suitable for
end protection. At the time of lpading, a minimum clearance
of 1 foot shall be provided between the end gates and each
end of the pipe to facilitate handling.

3.7 Banding and Tying-Down

Emphasis should be placed on minimizing lead shifting
and subsequent damage to the pipe by unitizing the entire
load, or specific portions thereof, with steel bands of at least
1-inch width. The bands should he properly spaced, of suffi-
cient number, and properly tensioned to reduce the tendency
of the pipe to move separately from the unitized load itself.

While tie-down bands may be advantageous for some
loads, rail handling or humping may loosen or break tie-down

Copyright by the American Petraleum Institute
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bands. Where flat tie-down bands are used, they shall have a
minimum width of 1 inch. Where wire rope ot chains are
used, adequate padding shall be used at points of contact with
pipe.

3.8 Inspection

The purchaser’s inspector shall have aceess to loading and
unloading facilities with reasonable advance notice of loading
and unloading.

3.81 LOADING

Damaged pipe shall nat be loaded on board. If damaged
pipe is detected on board. it should be noted on the bill of lad-
ing and the pipe marked by the carrier to indicate pretransit
damage.

3.8.2 UNLOADING

Pipe damage detccted during transit or unioading
should be promptly reported to the carrier and/or manu-
facturer and appropriately marked and sel aside for further
inspection.

4 LOAD STRESSES (FOR PIPE WITH
Dit >50)

4.1 General

For pipe having a D¢ ratio of 50 or larger, consideration
should be given to both the static and dynamic forces that act
upon the pipe during rail shipment, in crder Lo minimize the
occurrence of longitudinat Fatigue cracks. The following rec-
ommendations adhere to the philosophy of setting a maxi-
murmmn allowsble static load stress, using a g factor of 1.5 to
account for expected cyclic stresses.

4.2 Static Load Stress

The static load stress, @, is calculated from the equation:

0025 2u(2)

Where:

n = Stacking load factor, which is the number of
rows in the pipe load, whether provided with
separator strips or nested.

L = maximum length of individual pipe, in feet.

B = effective number of bearing strips. Dimensions
of bearing strips shall comply with 3.2,

D = specified OD of pipe in inches.

¢t = specified wall thickness in inches.

D . D
in (E_r) = the natural logarithm of P
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4.3 Maximum Static Load Stress

The static load stress, @, shall not cxceed (1.4 times the
specified minimum yield strength (SMYS) for grades less
than or cqual to X46. For grades X352 und higher, the static
load stress shall not exceed (.3 times the specified minimum
ultimate tensile strength (UTS).

4.4 Graphical Determination of Static
Load Stress

Figure 1 is a chart for obtaining the equation factor
D, (D
02/ = in) =
‘ ”[2:)

Tor pipe 16-inch OI) and larger, with various wall thicknesses
within the scope of this recommended practice.

Figure 2 is a chart for the calculation of siresses for com-
monly obtained nI/B factors.

To use Figure 2, the value of

D f3)

0.2/ - I [ ZJ
obtained from Figure 1 is found along the abscissa, The ordi-
nate of the interscction of this value with the proper nf/B
curve represents the calenlated static load stress.
Mote: While the ni/8 curves are plotted for the most common sitnpations,
intermediate nl/B values may be interpolated. Any values not shown on the
curves may be calculated from the fonnulain 4.2

The horizontal lines appearing on Figure 2 represent the
maximum static load stresses permitted under fatigue condi-
tions using a g factor of 1.5. These values are limited to the
lesser of 1.4 times specified minimum vield strength (SMYS)
or 0.3 times specificd minimum uwltimate tensile strength
(UTS). If the value exceeds those permitted for the grade of
line pipe involved, additional bearing strips shall be provided
of the stacking height reduced.

Note: For pipe of strength Jevels in excess of Grade X60, use the maximum
stresses permitted for X60.

4.5 Bearing Strips

The minimum number of flat bearing strips for single rail-
cars shall be the number required to limit the stress to the
maximum allowable as set forth in 4.3 and 4.4.

If the calculated static load stiess o i1s equal to or greater
than (B — 1) / B times the maximum allowable static load
stress, extra bearing strips shall be added, or wedges shall be
provided on the end bearing strips.

As an alternative, bearing strips contoured te contact the
pipe for a minimum included angle of 30 degrees may be
used. If such contoured strips are used, the number required may
be reduced to not less than one-half the number of flat bearing
strips caleutaled in accordance with the preceding requirements.

An alternative method for caleulating the minimum num-
ber of flat bearing strips (8} is to use the following equation,
where f, max is the maximum static load stress fram 4.3,
Fractional values of B must always be rounded up to the next
whole number,

D
_02aL DY Iy
(O max)t

B

4.6 Bearing Strip Placement

Bearing strips shall be spaced approximately symetrically
about the center of the pipe stack in onder o provide uniform
load distribution.

The distance from pipe ends to end-bearing strips shall be
as shown in Table 1.

4.7 Double Overhanging Loads

For double overhanging loads on cars 52 fcet and longer in
which the overhang exceeds the requirements of 4.6, the
number of flat bearing sirips shall be 1.4 times the number
required to limit the stress to the maximum atlowable as set
forth in 4.1 through 4.5, except that if the end bearing strips
are gither contourcd or wedge blucked, the number of bearing
strips may be redoced by 2. In the case of double overhanging
loads of leng pipe on cars 52 feet and longer, the end bearing
strips should be located as close to the ends of the cars as pos-
sible and shall be no more than 18 feet from the ends of the
pipe. The remaining strips should be approximately evenly
spaced.

Table 1—Distance From Pipe to Ends to End-Bearing

Strips
0D {inches) Minimum Distance Maximum Distance
<16 150D S feer
L6 to 30, incl. 150D 6 fiset
»30 4 feet £ feet
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Wall thickness (inches)

Figure 1—Chart for Determination of Equation Factor
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maximurm static load stress, ksi

Js Max

Lt et bttt et brvreg g b
10¢ 200 300 400 500 800 700

Equation factor= 0.2./D % m(%); see Figure 1.
Gs=0.2./0 (%) 9in(2)

Os= Stalic foad stress, psi Maximum allowabe fatigue stress
= Stacking load factor based on 0.40 times yieid strength
L = Length of pipe, ft of .30 times tensile sirangth

(whichever is smaller).

B= Effective no. of bearing stips  This assumas a * " factor of 1.5.

O = Diameter of pipg, in.
t = Wall thicknass, in.

Figure 2—Static Load Stress Calculaticn Chart
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