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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed. The use of API publications is voluntary. In some cases,
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may mandate
compliance.

Neither APl nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of
the information contained herein, or assume any liability or responsibility for any use, or the results of such use, of
any information or process disclosed in this publication. Neither APl nor any of API’'s employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort 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 authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating practices.
These publications are not intended to obviate the need for applying sound engineering judgment regarding when and
where these publications should be used. The formulation and publication of API publications is not intended in any
way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher.
Contact the Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.

Copyright © 2020 American Petroleum Institute DOC um ents
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Foreword

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 method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.
Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order
to conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

For APl Monogram Program licensees and APIQR Program registrants, this standard shall become effective on the
program date printed on the cover but may be used voluntarily from the date of publication.

Thisdocumentwas produced underAPI standardization procedures thatensure appropriate notification and participation
in the developmental process and is designated as an API standard. Questions concerning the interpretation of the
content of this publication or comments and questions concerning the procedures under which this publication was
developed should be directed in writing to the Director of Standards, American Petroleum Institute, 200 Massachusetts
Avenue, NW, Suite 1100, Washington, DC 20001. Requests for permission to reproduce or translate all or any part of
the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from
the API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually by API, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, APIl, 200 Massachusetts
Avenue, NW, Suite 1100, Washington, DC 20001, standards@api.org.

A significant technical change was implemented in Section 5.2.4.1 to align the method of measuring the breaking
force of a rope with industry recognized test procedures. Section 5.2.4.1 now references ASTM A931, Standard Test
Method for Tension Testing of Wire Ropes and Strand and removes the testing requirement previously described
within Annex H.

Documents

" Document Sharing Hub

Full document details: APl Spec 9A-2020 (2023)


http://www.avadocuments.com/doc/api-spec-9a-2020-2023
http://www.avadocuments.com/doc/api-spec-9a-2020-2023

Documents

Document Sharing Hub

Full document details: APl Spec 9A-2020 (2023)


http://www.avadocuments.com/doc/api-spec-9a-2020-2023
http://www.avadocuments.com/doc/api-spec-9a-2020-2023

Contents

Page

1 oo o = SR 1
2 NOrMALIVE REFEIENCES ...ttt e e e e e e e ettt e e e e e e e e e e nnnneeeeeeaeens 1
3 Terms and DEfiNItIONS ... ...eiiiiiiiiii ettt e e e e et e e e e bt e e e e nb e e e e e s e e e e e annbe e e e e nrreeeeanees 2
4 REQUIMEMENES ... e e s e e e e e e e e e e e e e e e e e e aeaeeeaaaaaaaaaaaeaeeeeeraraeeeseeeeeeessesssnsnnnsnnns 2
4.1 =Y =T 3= OSSPSR 2
4.2 (0] 0T\ =T a0 = Lo (1 = S 3
4.3 1= 1= (= SRR 5
4.4 RV =T 4 o |1 o [ PP OROOUPOSPPPPPPPPPPN 6
4.5 Breaking FOICE ... e e e e e e e e e e e e e e e e e e e e e e e eeeeaeaeeaaaeaeaeeeeeeeeeeeeeeeeeneeesesssnnnsnnnnn 6
4.6 =T o o |1 o PP P P PP PP PPPTPPPP 8
5 Verification of Requirements and Test MethOdS. ........ooi i 8
51 Processes Requiring Validation .......... ..ottt e e e e e e e e eeaaaaeas 8
5.2 Stranded Ropes and SPIiral ROPES .......uueiiiiiiiiiiiie et e e e e e e e eeaa e 8
5.3 Tests 0N Well-MEAaSUNNG WIIE ...t 10
5.4 Tests 0N WEll-SErVICING STraNGS.........ooiiiiiiiee et e e e e e e e s e e e e annes 10
5.5 Facilities for WiItNeSSING TeSES ... .ueiiiiiiiiii ittt et e e s e nnneee s 10
6 T o7y g gF= 1o I (o] GV L PP ERRR 10
6.1 (@74 11 o= LSRR 10
6.2 [=Tod &= o |1 o JR= T o I 1Y/ F= T 1o T PSPPI 1"
Annex A (normative) Dimensional and Mechanical Properties of Round Wires (Before Rope Fabrication) ........... 12
Annex B (normative) Methods of Wire Testing for Levels 2, 3, 4, and 5. 27
Annex C (normative) Tables of Breaking Forces for the More Common Classes, Sizes, and Grades of Stranded

Ropes Up to and Including 60 mm Diameter...........ooo i 29
Annex D (normative) Physical Dimensions and Mechanical Properties of Well-servicing Strand........................... 75
Annex E (informative) Large Diameter Wir€ ROPES .......oooiuiiiiiiiiii ettt 76
Annex F (normative) Calculation of Minimum Breaking Force for Wire Ropes in Accordance with Annex C—

Rope Grades 1770, 1960, and 2160 ........ooeiiiiiiiiiiiiiie e e e e e e e e e e e e e e e e e e e e e e e aeaaaaaaaeaaaaseseeeeereeeeeanaees 78
Annex G (normative) Sampling and Acceptance Criteria for Type Testing of Wire Ropes Produced in Series....... 80
Annex H (informative) Tests on Wires from the Wire ROPE .......ccocuuiiiiiiiiii it 82
Annex | (normative) Requirements for Bright or Drawn Galvanized Well-measuring Wire ...........ccccccovviieeeniieenn. 85
Annex J (informative) Information with INQUIrY Or Order...........ooouiiiiiiiiii e 87
=71 o] ToTe [ r=To] o)V PO PRR 88

Documents

Document Sharing Hub

Full document details: APl Spec 9A-2020 (2023)


http://www.avadocuments.com/doc/api-spec-9a-2020-2023
http://www.avadocuments.com/doc/api-spec-9a-2020-2023

Contents

Page

Figures
1 Method of Measuring Wire ROPE DIameter ...........ei it e e e e e e 9
Tables
1 Range of Wire Tensile Strength Grades ..........cccuuviiiiiiiii i e e a e e 2
2 Tolerances on Rope Diameter (Stranded ROPE).......uveiiiiiiiiiiiiiie et 5
3 Permissible Differences Between Any Two Diameter Measurements ..........ccceeevieeciiiiiieeee e 5
4 Breaking Force Testing REQUIFEMENTS ........uuiiiiiiiii e e e 7
AA1 Permitted Variations in Tensile Strength ... 12
A.2 Diameter Tolerances, Minimum Number of Torsions, and Minimum Masses of Zinc for Tensile Strength

Grades 1370 N/mm?, 1570 N/mm?2, 1770 N/mm?2, 1960 N/mm?, and 2160 N/mm? .............cccccccevevereeennen. 13
A3 Diameter Tolerances for Bright and Drawn Galvanized WIres.............ooiuuiiiiiiiiieiiiiiee e 16
A4 Diameter Tolerances for Final Galvanized Wir€S.........coo i ea e 16
A.5 Minimum Breaking Force and Minimum Number of Torsions for Levels 2, 3,4, and 5............ccccccceeeeen. 17
A.6 Minimum Masses of Zinc for Drawn Galvanized Wire Levels 2, 3,4, and 5..........ccocciiviiiiiiiiecccieeeee 26
A7 Minimum Masses of Zinc for Final Galvanized Wire Levels 2, 3,4, and 5 ..........ooueeiiiiiiiiiiiii e, 26
B.1 Applied Tension fOr TOrSION TESES ........iiiiiiiiiie ittt e et e e s st e e e s anbeeeeeane 28
c1 L@ = SR TR A o 7= 0 o PSS 30
C.2 (O = T IR S (<1< I 07 o PR UP PSS 33
C3 Class B X TOM FIDEI COTE......eiiiiiiiiiie ettt e et e et e e et e e e e sttt e e e ann b e e e e e nnbeeeeenneeeeeaneeas 36
C4 Class B X TOM STEEI COTE....uueiiiieei ittt et e ettt e e e e e e e e e e et e e e e e s s saas e eeeaaeeesaaasnsssaeaeeaaeessanssssneneeas 37
C.5 (0 F= E S G TR G 1Y I 1o 1= 7 o R 38
C.6 Class 6 X 37IM SEEEI COTE......uueeeiiiiee ettt e e e e oo ettt e e e e e e e e e seeeeeeeeeaeaeaaaannnnneeeeaaaeeeaaannnes 39
C.7 (0 F= TS G e B T o T=T 0 o PR PUURTRN 42
C.8 (O T G e IS (= I 0 o] = USSP 46
Cc.9 Class B X 36 FIDEI COT@........uueiiiiiieie e ettt e e e ettt e e e e e e s e aee ittt eaeeeaaaasssbesaeeeaaaeessaanssssnaeeeeaeeeeannnnnnes 50
(O 1 ) O F= 1T G 16 ] (== N 0o ] SRR 54
(O By B O = 1T i £ ] (Y= N 0o ) USSR 58
C.12  ClasS 8 X 30 SHEEI COre ...ttt ettt e e e oo oottt e e e e e e e e s nbete e e e e e e e e e aaannbeeeeeeeaeeaeaann 62
(O T O = 1R I e SR 66
(O3 N O F= E e Y (1Y I AP PUPPPRROPRPR 69
CA5  ClASS B5(WW) X 7 ooiiiiiiiiie e ettt e ettt e ettt e e e ettt e e e st e e e e ea b e e e e e eseeeeeeaabee e e e e astaeeeeasseeeeeantaeeeeaanteeeeeebreeeeeanraeaaeaas 72
C.A6  Class 6 X V25TS StEEI GOl ... uuuuiiiiiiiie ittt e e e e e e ettt e e aa e e e e s e s aeeeeeeeeaeeeaaaannnneneeaaaeeeaaaann 73
D.1 Diameters, Diameter Tolerances, and Minimum Breaking FOrces. ... 75
EA Class—Large Diameter, Six-stranded Wir€ ROPE ........coiiiiiiiiiiiiiiiiiee et 76
E.2 Class—Large Diameter Spiral SIrand............oueiiiiiiiiiieii e e e e 76
E.3 Class—Large Diameter FUll-IOCKEd COil.........uuiiiiiiiiiii e 77
F.A1 Factors for Stranded Wire Ropes for General Lifting Applications ... 79
H.1 Permissible Reduction of Minimum Mass of Zinc Coating of Wires for Stranded Ropes ...........cccccceeeenne. 84
1.1 Diameters, Diameter Tolerances, Minimum Breaking Forces, Torsions, and Elongation .......................... 86

Documents

Vi
Document Sharing Hub

Full document details: APl Spec 9A-2020 (2023)


http://www.avadocuments.com/doc/api-spec-9a-2020-2023
http://www.avadocuments.com/doc/api-spec-9a-2020-2023

Introduction

This standard was developed in response to worldwide demand for minimum specifications for wire ropes for use on
equipment and machinery associated with the petroleum and natural gas industries.

In recognition of equipment already in use and originally designed to accommodate wire rope sizes (hominal wire rope
diameters) based on “English” units, some of the more common “converted Sl unit” sizes have also been included.

In addition, and in recognition of equipment already in use and designed to operate with wire ropes having specific
wire rope grades (e.g. IPS), based on “U.S.” wire levels, these grades have also been included to give prominence to
the required minimum values of breaking force associated with these grades and help to ensure that existing design
safety levels are maintained.

Having due regard to size and breaking force for a particular wire rope class or construction, in some cases it is
possible to safely substitute a U.S. customary size and grade with one based solely on Sl units and grade, and vice-
versa. To assist in this process, this standard gives a size range for each nominal wire rope diameter and equivalent
minimum breaking forces (converted from U.S. customary units) for comparison, although it is recommended that the
equipment designer or wire rope manufacturer (or other competent person) is consulted prior to ordering a substitute
rope.

It should also be noted that a particular design of wire rope may be capable of offering a higher breaking force value
than the one specified either in the relevant table in this standard or by the manufacturer in their catalog. In such
cases, a higher minimum breaking force value (or actual breaking force value if the wire rope has already been
manufactured and tested) may be provided by the manufacturer before an order is placed.

Designers of new equipment are encouraged to select wire ropes having the preferred Sl units and grades.
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Specification for Wire Rope

1 Scope

This standard specifies the minimum requirements and terms of acceptance for the manufacture and testing
of steel wire ropes for the petroleum and natural gas industries. The following products are covered by this
specification:

— bright- or drawn-galvanized wire rope,

— well-measuring wire, and

— well-measuring strand.

Typical applications include tubing lines, rod hanger lines, sand lines, cable-tool drilling and clean out lines, cable
tool casing lines, rotary drilling lines, winch lines, horse head pumping unit lines, torpedo lines, mast-raising lines,
guideline tensioner lines, riser tensioner lines, and mooring and anchor lines. Wire ropes for lifting slings and
cranes, and wire for well-measuring and strand for well-servicing, are also included.

The minimum breaking forces for the more common sizes, grades, and constructions of stranded wire rope not
exceeding 2160 grade and well measuring wire are given in tables. However, this standard does not restrict itself
to the classes covered by those tables. Other types, such as wire ropes with compacted strands and compacted
(swaged) wire ropes, may also conform with its requirements. The minimum breaking force values for these wire
ropes and wire are provided by the manufacturer.

For information only, other tables present the minimum breaking forces for large diameter wire ropes and spiral

ropes (i.e. spiral strand and locked coil), while approximate nominal length masses for the more common wire
rope constructions and large diameter stranded and spiral ropes are also given.

2 Normative References

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

ASTM A931, Standard Test Method for Tension Testing of Wire Ropes and Strand

ISO 2232:1990," Round drawn wire for general purpose non-alloy steel wire ropes and for large diameter steel
wire ropes—Specifications

ISO 4345, Steel wire ropes—Fiber main cores—Specification

ISO 4346, Steel wire ropes for general purposes—Lubricants—Basic requirements
ISO 6892-1, Metallic materials—Tensile testing—Method of test a room temperature
ISO 7800, Metallic materials—Wire—Simple torsion test

ISO 7801, Metallic materials—Wire—Reverse bend test

ISO 17893, Steel wire ropes—\Vocabulary, designation, and classification

International Organization for Standardization, 1, ch. de la Voie-Creuse, Case postale 56, CH-1211, Geneva 20,

Switzerland, www.iso.org. Documents
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2 AP| SPECIFICATION 9A

3 Terms and Definitions

For the purposes of this document, the terms and definitions given in ISO 17893 apply.

4 Requirements

4.1 Material
41.1 Wire

The wires for stranded wire ropes and well-servicing strand of carbon steel shall, before fabrication, conform to
the diameter, tensile, torsion, and when applicable, zinc-coating requirements specified in Annex A.

The methods of test for wires of tensile strength grades 1370 N/mm?, 1570 N/mm?2, 1770 N/mm?, 1960 N/mm?,
and 2160 N/mm? shall be in accordance with those given in ISO 2232.

The methods of test for wires of tensile strength grades Levels 2, 3, 4, and 5 shall be in accordance with Annex B.

For those wire ropes where a wire rope grade is applicable, the tensile strength grade of the wires shall be
subject to the limits given in Table 1.

NOTE The minimum breaking force values of those ropes of grades 1770, 1960, and 2160 as covered by Tables C.1
through C.16 are calculated on the basis of wire rope grade and not individual wire tensile strength grades or levels.

Table 1—Range of Wire Tensile Strength Grades

Rope Grade Wire Tensiliusr:]r;r;gth Grades
1770 1570 or Level 2 to 1960 or Level 4
1960 1770 or Level 3 to 2160 or Level 5
2160 1960 or Level 4 to 2160 or Level 5

IPS Level 2 or 1570 to Level 4 or 1960
EIP Level 3 or 1770 to Level 5 or 2160
EEIP Level 4 or 1960 to Level 5 or 2160

For those wire ropes (e.g. larger diameter wire ropes) where a wire rope grade is not applicable, the tensile
strength grades of the wires shall be one, or a combination, of those given in Annex A.

All wires of the same nominal diameter in the same wire layer shall be of the same tensile strength grade.

Well-measuring wire and wires used in the manufacture of well-servicing strand shall normally be of carbon steel
but other materials (e.g. stainless steel) may be used.

The purchaser may specify any particular material requirements.

NOTE Well-measuring wire and wires used in the manufacture of well-servicing strand are typically composed
of carbon steel but other materials (e.g. stainless steel) may be used.

4.1.2 Core
The purchaser may specify the type of core.

Fiber cores shall conform to ISO 4345.
Documents
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SPECIFICATION FOR WIRE ROPE 3

The fiber cores for single-layer stranded ropes larger than 8 mm diameter shall be doubly closed (i.e. from yarn
into strand and from strand into rope). Natural fiber cores shall be treated with an impregnating compound to
inhibit rotting and decay.

Steel cores shall be either an independent wire rope (IWRC) or wire strand (WSC).

Steel cores of single-layer stranded ropes larger than 12 mm diameter shall be an IWRC, unless specified
otherwise.

NOTE Cores of stranded ropes are typically composed of steel or fiber, although other types, such as composites
(e.g. steel plus fibers or plastics) or cores made of solid polymer, may also be supplied.

4.1.3 Lubricant

Lubricants shall conform to ISO 4346.
4.2 Rope Manufacture

421 General

In stranded ropes, all the wire layers in a strand shall have the same direction of lay. The lay lengths of
corresponding wire layers in strands of the same size, construction, and strand layer shall be uniform.

The core of a stranded rope, except for compacted (swaged) ropes, shall be designed (steel) or selected (fiber)
so that in a new rope under no load there is clearance between outer strands.

The rope ends shall be secured such that they are prevented from unlaying.
4.2.2 Wire Joints

Diameters shall be continuous, but, for wires other than well-measuring wires, if joints are necessary in wires
over 0.4 mm, they shall have their ends joined by brazing or welding.

For stranded ropes, the minimum distance between joints within one strand shall be 18 x rope diameter (d).
For spiral ropes, the minimum distance between joints in any wire layer shall be 36 x diameter of the wire layer.

Wires up to and including 0.4 mm may be joined by twisting or by ends being simply inserted into the strands'
formation.

4.2.3 Preformation and Postformation

Stranded ropes shall be preformed or postformed, or both, unless specified otherwise by the purchaser.
NOTE Some parallel-closed ropes and rotation-resistant ropes may be nonpreformed.

4.2.4 Construction

The rope construction shall be either one of those covered in Annex C or as stated by the manufacturer.

The constructions of compacted strand wire ropes, compacted (swaged) wire ropes, large diameter (i.e. over 60
mm) stranded ropes, and spiral ropes (i.e. spiral strand and full-locked coil), shall be stated by the manufacturer.

Where only the wire rope class is specified by the purchaser, the construction supplied shall be stated by the
manufacturer.

For well-servicing strand, the construction shall be either 1 x 16M or 1 x 19M or as stated by t@mments
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4 API SPECIFICATION 9A

4.2.5 Rope Grade
The wire rope grades for the more common classes and sizes of stranded ropes shall be as given in Annex C.
Intermediate grades may be supplied by agreement between the purchaser and the manufacturer or supplier.

NOTE Not all wire ropes (e.g. large diameter stranded ropes and spiral ropes) will necessarily have a nominated rope
grade.

4.2.6 Wire Finish
The finish of the wires shall be uncoated (bright), zinc-coated class B, or zinc-coated class A.

For wire ropes of bright wire finish, substitution of bright wires by zinc-coated wires shall be limited to inner wires,
center wires, filler wires, and core wires.

For ropes of zinc-coated wire finish, all the wires shall be zinc-coated, including those of any steel core.
Where zinc-coated is specified, this may also include zinc alloy Zn95/AlI5.

4.2.7 Direction and Type of Wire Rope Lay

The direction and type of wire rope lay for stranded ropes shall be one of the following:
a) right ordinary lay (sZ)?,

b) left ordinary lay (zS)?,

c) rightlang lay (zZ)*,

d) leftlang lay (sS)°,

e) right alternate lay (aZ)?,

f) left alternate lay (aS)’ .

Well-servicing strand shall be left lay (S).

Spiral ropes (i.e. spiral strand and full-locked coil) shall be either right (Z) or left lay (S).
The direction and type of rope lay should be specified by the purchaser.

4.2.8 Designation and Classification

For the purposes of this standard, the designation and classification systems according to ISO 17893 shall apply.

Formerly referred to as right-hand ordinary (designated RHO) and right regular lay (designated RRL).
Formerly referred to as left-hand ordinary (designated LHO) and left regular lay (designated LRL).
Formerly referred to as right-hand langs (designated RHL) or right lang lay (designated RLL).
Formerly referred to as left-hand langs (designated LHL) or left lang lay (designated LLL).

Formerly designated RAL.
Formerly designated LAL. DOC um ents
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SPECIFICATION FOR WIRE ROPE

4.3 Diameter

4.3.1 General

The nominal diameter shall be that by which the wire, strand, or wire rope is designated.

4.3.2 Tolerance

When measured in accordance with 5.2.3, the measured (actual) diameter of stranded ropes shall be within the

tolerances given in Table 2.

Table 2—Tolerances on Rope Diameter (Stranded Rope)

Nominal Rope Tolerance as Percentage of Nominal Diameter
Diameter : ;
Wire Ropes with Strands That are . .
d Exclusively of Wire or Incorporate Wllfcﬁ:)p:;r:tlribset :'acnednst;gat
mm Solid Polymer Centers P
+ +
2<d<4 : .
+ +
4<d<6 ; .
+ +
6<d<8 ¢ :
+5 +7
> 8 0 0

When measured in accordance with 5.2.3, the measured (actual) diameter of strand shall be within *; % of the

nominal diameter.

When measured in accordance with 5.2.3, the measured (actual) diameter of well-servicing strand shall be within

the tolerances given in Annex D.

4.3.3 Difference Between Diameter Measurements

For stranded and spiral ropes, the difference between any two of the four measurements taken in accordance
with 5.2.3 and expressed as a percentage of the nominal diameter shall not exceed the values given in Table 3.

Table 3—Permissible Differences Between Any Two Diameter

Full document details: APl Spec 9A-2020 (2023)

Measurements
Nominal Wire Wire Ropes with Strands That are Wire Ropes with
. . . . Strands That
Rope Diameter Exclusively of Wire or Incorporate Solid .
. Incorporate Fiber
d Polymer Centers and Spiral Ropes c
o enters
mm % %
2<d<4 7 -
4<d<6 6 8
6<d<8 ° !
> 8 4 6
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6 AP| SPECIFICATION 9A

4.4 Lay Length

For single-layer ropes of 6 x 7 class, the length of lay of the finished wire rope shall not exceed 8 x rope diameter
(d).

For other single-layer ropes with round strands (except those with three or four strands), parallel-lay closed wire
ropes and rotation-resistant wire ropes with round strands or shaped strands, the length of lay of the finished wire
rope shall not exceed 7.25 x rope diameter (d).

For single-layer wire ropes with shaped strands, e.g. triangular strand, the length of lay of the finished wire rope
shall not exceed 10 x wire rope diameter (d).

For well-servicing strand, the length of lay of the finished strand shall not exceed 10 x strand diameter (d).
4.5 Breaking Force

4.5.1 Well-measuring Wire

The minimum breaking force for a given diameter of well-measuring wire shall be as given in [.1.

The wire shall be tested in accordance with the method specified in .2. The measured breaking force shall be
greater than or equal to the minimum breaking force.

4.5.2 Well-servicing Strand

The minimum breaking force for a given diameter and construction shall be either of the following:
a) asgiveninAnnex D, or

b) as stated by the manufacturer.

When tested in accordance with Method 1 (see 5.2.4.1), the measured breaking force shall be greater than or
equal to the minimum breaking force.

4.5.3 Stranded Ropes and Spiral Ropes

4.5.3.1 General

The minimum breaking force, F__ , for a given wire rope diameter and construction shall be either of the following:
a) as given in Annex C for stranded ropes, or

b) as stated by the manufacturer.

NOTE 1 Values of minimum breaking force for large diameter stranded and spiral ropes are given for information in
Annex E.

For those ropes covered in Annex C, the minimum breaking force of intermediate wire rope diameters shall be
calculated with the respective minimum breaking force factors in accordance with Annex F.

When tested in accordance with Method 1 of 5.2.4.1, the measured breaking force, F , shall be greater than or
equal to the minimum breaking force, F . .

Breaking force testing requirements shall be in accordance with Table 4.

NOTE 2 The requirements for breaking force take into account the following: a) the wire rope size; b) whether or not wire
ropes are produced in series, i.e. repeatedly produced; c) whether or not the minimum breaking. farcs fact imments
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SPECIFICATION FOR WIRE ROPE

throughout a range of diameters; d) whether or not the manufacturer is operating a quality system in accordance with ISO
9001, certified by an accredited third-party certification body.

Table 4—Breaking Force Testing Requirements

Manufacturer NOT
Vl\gli;emligsf Minimum Manufacturer Operating a Quality System in Op_)erAatlng a Quallt)_( ﬁ)l/stem
Breaking Force Accordance with ISO 9001, Certified by an n ccordan_c_e with ISO
d Factor Accredited Third-party Certification Body 9001, Certified by an
mm Accredited Third-party
Certification Body
d < 60 Same factor Breaking force test in accordance with 5.2.4.1 Breaking force test in
throughout a (Method 1) on a sample from each production accordance with 5.2.4.1
sub-group of rope | length; or, if produced in series, type testing (Method 1) on a sample from
diameters. in accordance with H.1.1 plus periodic test in each production length.
accordance with 5.2.4.1 (Method 1), 5.2.4.2 (Method
2), or 5.2.4.3 (Method 3) on a sample from every
20th production length relating to the sub-group of
diameters.
Different factor Breaking force test in accordance with 5.2.4.1 Breaking force test in
throughout a sub- | (Method 1) on a sample from each production accordance with 5.2.4.1
group of wire rope | length; or, if produced in series, type testing (Method 1) on a sample from
diameters. in accordance with G.1.2 plus periodic test in each production length.
accordance with 5.2.4.1 (Method 1), 5.2.4.2 (Method
2), or 5.2.4.1 (Method 3) on a sample from every
20th production length of a given rope diameter and
construction.
d > 60 Breaking force test in accordance with 5.2.4.1 Breaking force test in
(Method 1), 5.2.4.2 (Method 2), or 5.2.4.3 (Method 3) | accordance with 5.2.4.1
on a sample from each production length, or either (Method 1), 5.2.4.2 (Method
of the following: 2), or 5.2.4.3 (Method 3) on a
if produced in series, type testing in accordance with | sample from each production
H.2 plus periodic test in accordance with 5.2.4.1 length.
(Method 1), 5.2.4.2 (Method 2), or 5.2.4.3 (Method
3) on a sample from every 20th production length; or
if produced for supply as a set of ropes of the same
design for a specific installation, the alternative
breaking force testing and sampling as also given in
G.2.

NOTE The result from Method 1 is known as measured breaking force. The result from Method 2 is known as
calculated measured (post-spin) breaking force. The result from Method 3 is known as calculated measured (pre-spin)
breaking force.

4.5.3.2 Wire Ropes Produced in Series—Manufacturer Operating a Quality System in Accordance with
ISO 9001, Certified by an Accredited Third-party Certification Body

The manufacturer shall be able to provide the results from type testing in accordance with the sampling and
acceptance criteria given in Annex G.

Type testing shall be repeated on any wire rope that has its design changed in any way which results in a
modified (e.g. increased) breaking force. If the same design, apart from wire tensile strength grades, is used for
wire ropes of a lower grade or lower breaking force, or both, than the one which has successfully passed the type
testing requirements, it shall not be necessary to repeat the tests on those wire ropes provided the breaking force
is calculated with the same spinning loss.

Subsequent production lengths of wire ropes produced in series shall be deemed to conform to the breaking
force requirements when the manufacturer has satisfactorily completed the following on a sample from every

20" production length: Documents
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a) the appropriate type tests (see Annex G), and

b) a periodic breaking force test in accordance with Method 1 or one of the alternative methods, known as
Methods 2 and 3 (see 5.2.4.2 and 5.2.4.3).

4.6 Length

For those wire ropes not forming part of an assembly, the actual length of wire rope supplied shall be the
specified nominal length subject to the following tolerances.

Up to and including 400 m: *3 % of the specified length.
Over 400 m, up to and including 1000 m: *2/m.

Over 1000 m: 7 % of the specified length.

The wire rope shall be measured under no load.

Wire ropes required with smaller length tolerance should be the subject of agreement between the purchaser
and the manufacturer.

5 Verification of Requirements and Test Methods

5.1 Processes Requiring Validation

The completed wire, strand, and wire rope covered in this specification are subject to physical testing and do not
require validation of the processes used in manufacturing. Except for wire joints (see 4.2.2), the processes used
in manufacturing shall not require validation. Welding and brazing shall be validated to demonstrate the ability of
these processes to achieve specified results. A third-party validation or certification of welding personnel is not
required.

5.2 Stranded Ropes and Spiral Ropes

5.2.1 Materials

Conformance with the wire, core, and lubricant requirements shall be through a visual verification of the inspection
documents supplied with the wire, core, and lubricant.

5.2.2 Rope Manufacture

Conformance with the requirements for wire joints and preformation shall be through visual verification.

5.2.3 Test on Rope for Diameter

Diameter measurements shall be taken on a straight portion of wire rope, either under no tension or a tension not
exceeding 5 % of the minimum breaking force, at two positions spaced at least 1 m apart. At each position, two
measurements, at right angles, of the circumscribed circle diameter shall be taken. The measuring equipment

shall extend over at least two adjacent strands (see Figure 1). The average of these four measurements shall be
the measured diameter.
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Figure 1—Method of Measuring Wire Rope Diameter
5.2.4 Test on Wire Rope for Breaking Force
5.2.41 Method 1—Measured Breaking Force
The method shall be in accordance with ASTM A931.
5.2.4.2 Method 2—Calculated Measured (Post-spin) Breaking Force

The measured breaking forces of all individual wires shall be added together after they have been removed from
the wire rope, and this value shall be multiplied by either of the following:

a) the spinning loss factor derived from Annex F, or

b) the partial spinning loss factor obtained from the results of type testing.

The partial spinning loss factor used in the calculation shall be the lowest of the three values obtained from
type testing. In the case of triangular strand ropes, the triangular center of the strand may be considered as an
individual wire. The wires shall be tested in accordance with the wire tensile test specified in B.2 or in ISO 6892.

NOTE The result from this test is known as the “calculated measured (post-spin) breaking force.”
When this method (i.e. Method 2) is used for the periodic test (see Table 4) and the calculated measured (post-

spin) breaking force value is less than the intended minimum breaking force value, another test shall be repeated
using Method 1.

If the measured (actual) breaking force in this second test fails to meet the intended minimum breaking force
value, the minimum breaking force shall be de-rated to a value not exceeding the measured (actual) breaking
force value and type testing shall be repeated using Method 1.

In such cases, the wire rope shall be de-rated to a grade that shall not exceed the actual breaking force value.
The de-rated grade of the wire rope shall be documented in the wire rope certificate. See Section 6.

5.2.4.3 Method 3—Calculated Measured (Pre-spin) Breaking Force

The measured breaking forces of all the individual wires shall be added together before they are laid into the wire
rope, and this value shall be multiplied by the total spinning loss factor obtained from the results of type testing.
The total spinning loss factor used in the calculation shall be the lowest of the three values obtained from type
testing.

The wires shall be tested in accordance with the wire tensile test specified in ISO 6892.

NOTE The result from this test is known as the “calculated measured (pre-spin) breaking force.”
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When this method (i.e. Method 3) is used for the periodic test (see Table 4) and the calculated measured
(pre-spin) breaking force value is less than the intended minimum breaking force value, another test shall be
performed using Method 1.

If the measured (actual) breaking force in this second test fails to meet the intended minimum breaking force
value, the minimum breaking force shall be de-rated to a value not exceeding the measured (actual) breaking
force value and type testing shall be repeated using Method 1.

In such cases, the wire rope shall be de-rated to a grade that shall not exceed the actual breaking force value.
The de-rated grade of the wire rope shall be documented in the wire rope certificate. See Section 6.

5.2.5 Tests on Wires from the Wire Rope

When tests, if any, are required to be performed on wires taken from the wire rope after fabrication, sampling,
test methods, and acceptance criteria shall be specified by the purchaser.

If tests on the wires are required to be performed, this should be stated in the purchaser’s order.
NOTE See Annex H for guidance on testing and acceptance criteria.
5.3 Tests on Well-measuring Wire

The tests shall consist of a simultaneous elongation and tensile test and a separate torsion test. Testing methods
and acceptance criteria shall be in accordance with Annex J.

5.4 Tests on Well-servicing Strands

The tests shall consist of a measured diameter in accordance with 5.2.3 and a breaking force test in accordance
with 5.2.4.1.

5.5 Facilities for Witnessing Tests
The manufacturer shall offer the purchaser or purchaser’s representative all necessary facilities for the witnessing
of tests (when these are performed) or for the examination of records of type tests to be assured of compliance

with this standard, or both.

Test lengths required by the purchaser should be ordered as additional lengths.

6 Information for Use

6.1 Certificate
6.1.1 General

A certificate shall confirm conformance with this standard and, unless specified otherwise by the purchaser, shall
give at least the following information:

a) certificate number,

b) name and address of the manufacturer,

c) wire rope designation or wire rope description,

d) minimum breaking force,

e) date of issue of the certificate and authentication. DOCU ments
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NOTE See Annex J for information that should be provided by the purchaser.
Quantity and nominal length of rope may also be included.

The certificate shall enable traceability of the wire rope.

6.1.2 Test Results

When actual test results are required to be certified (see above), the certificate shall additionally give either Item
a) or Item b) or both, as follows:

a) breaking force test on wire rope—state which value, i.e.
1) measured breaking force, or
2) calculated measured (post-spin) breaking force, or
3) calculated measured (pre-spin) breaking force;
b) tests on wires—
1) number of wires tested,
2) nominal dimension of wire,
3) measured dimension of wire (diameter or height of profile),
4) breaking force of wire,
5) tensile strength of wire (based on nominal dimension),
6) number of torsions completed (and test length),
7) mass of coating.
6.2 Packaging and Marking
6.2.1 Packaging
Wire ropes shall be supplied in coils or on reels at the discretion of the manufacturer.
The purchaser should specify any particular packaging requirements.
Rotation-resistant wire ropes should be supplied on reels.
6.2.2 The wire rope manufacturer’s or supplier's name and address, certificate number if appropriate (see 6.1),

length, and wire rope designation shall be legibly and durably marked on a tag attached to each coil or reel of
wire rope.
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Annex A
(normative)

Dimensional and Mechanical Properties of Round Wires (Before Rope
Fabrication)

A1 Tensile Strength Grades 1370 N/mm?, 1570 N/mm?, 1770 N/mm?, 1960 N/mm?,
and 2160 N/mm?

The permitted variations in tensile strengths of non-alloyed steel wires shall not exceed the nominal values by an
amount greater than those given in Table A.1. The values of tensile strength grade are the lower (minima) limits
for each tensile strength grade.

Table A.1—Permitted Variations in Tensile Strength

. . Permitted Variation in Tensile Strength
Nominal Diameter .
Above Nominal
mm
N/mm?
02<0<05 390
05<0<1.0 350
1.0<0<1.5 320
1.5<6<20 290
20 <0 <35 260
35<0<17.0 250

In the case of alloy steel wires, the maximum values shall be no greater than the minimum value plus 15 %.

The diameter tolerances, minimum number of torsions, and minimum masses of coating shall be in accordance
with the values given in Table A.2.

NOTE The values in Table A.2 are based on ISO 2232 with an extended size range and additional tensile strength grades
at the lower and higher ends.
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A.2 Tensile Strength Grades Levels 2, 3, 4, and 5
The diameter tolerances of bright and drawn galvanized wires shall be in accordance with Table A.3.
The diameter tolerances of final galvanized wires shall be in accordance with Table A.4.

The individual minimum breaking loads of bright and drawn galvanized wires and minimum number of torsions
shall be in accordance with Table A.5.

The individual minimum breaking loads and torsions of final galvanized wires shall be in accordance with those
given in Table A.5—subject to a reduction of 10 %.

The maximum values of tensile strength shall be no more than 207 N/mm? (30,000 Ib/in.2) greater than the
minimum values.

The minimum masses of zinc for drawn galvanized and final galvanized wires shall be in accordance with
Table A.6 and Table A.7, respectively.

Table A.3—Diameter Tolerances for Bright and Drawn Galvanized Wires

. . . Total Variation
Nominal Diameter of Wire -
Minus Plus
mm (in.) mm (in.) mm (in.)
0.25 <0 < 0.64 (0.010 < ¢ < 0.025) 0.01 (0.0003) 0.02 (0.0007)
0.64 <0 < 1.50 (0.025 < § < 0.060) 0.01 (0.0005) 0.03 (0.001)
1.50 < 0 < 2.36 (0.060 < 6 < 0.093) 0.03 (0.001) 0.03 (0.001)
236 < 0 < 3.61 (0.093 < 6 < 0.142) 0.03 (0.001) 0.04 (0.0015)
3.61 <6 <508 (0.142 < 6 < 0.200) 0.04 (0.0015) 0.05 (0.002)
5.08 < 0 < 6.35 (0.200 < 6 < 0.250) 0.05 (0.002) 0.05 (0.002)
Table A.4—Diameter Tolerances for Final Galvanized Wires
Total Variation
Nominal Diameter of Wire -
Minus Plus
mm (in.) mm (in.) mm (in.)
064 <0 <155 (0.025 < 6 < 0.061) 0.03 (0.001) 0.03 (0.001)
1.55 < 6 <201 (0.061 < 6 < 0.079) 0.05 (0.002) 0.05 (0.002)
201 <o < 3.61 (0.079 < 6 < 0.142) 0.08 (0.003) 0.08 (0.003)
0 > 3.61 6 > 0.142) 0.10 (0.004) 0.10 (0.004)
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