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SPECIAL NOTES

API publications necessarily address problems of a general nature. 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 fed-
eral laws.

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 method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every
five years. Sometimes a one-time extension of up to two years will be added to 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 Standards department telephone (202)
682-8000. A catalog of API publications, programs and services is published annually and
updated biannually by API, and available through Global Engineering Documents, 15 Inv-
erness Way East, M/S C303B, Englewood, CO 80112-5776.

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 Standards department, American Petro-
leum 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 be addressed to the Director, Business Services.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate 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 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. 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 other-wise,
without prior written permission from the publisher. Contact the Publisher,

API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Copyright © 2004 American Petroleum Institute
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FOREWORD

This recommended practice is under the jurisdiction of the API subcommittee on Offshore
Structures.

Changes between this edition and the 3rd edition have been marked with “change bars” in
the margin.

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 federal, state, or municipal regulation with which this
publication may conflict.

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

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/API/136789511/API-RP-2X?src=spdf

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/API/136789511/API-RP-2X?src=spdf

CONTENTS

I SCOPE ...ttt 1
2 REFERENCES. .......ooi ittt 1
3 DEFINITIONS ...ttt ettt ettt 1
4 PLANNING ..ottt ettt 2
5  QUALIFICATION OF PERSONNEL .......cceoitiriiiineiinieincinieisceeiceeeeeeee s 2
5.1 GENETAL ..o e 2
5.2  ExXamination PrerequiSites........ccoovririiiniriniinienieieieierereiee e 3
5.3 Qualification EXaminations .........cceceeieiniriniinienienieieieeeieieeeeeeee e 3
54 ReEEXAMINALON.....cotiiiiieieieiieieieiee ettt ettt ettt s 6
6 EXTENT OF NONDESTRUCTIVE EXAMINATION......cccceotviiniiiiiierineennne 6
6.1 Time of EXamination.......c.ccuevuevieiieienieiiiiiieieieeseeeeese e 6
6.2 Examination During Onshore Fabrication .........c..c.ccccccevviiiiniininiinininennenn. 6
6.3 Examination During Offshore Installation .........c..c.cccceeeviiiiiniiininnninnnenn. 6
7 TECHNICAL RECOMMENDATIONS FOR UT ....c.coccctniiniiniiniiicieicecenes 7
7.1 Applicability of Ultrasonic Examination to Offshore Structures.................... 7
7.2 Advantages and Limitations of Ultrasonic Examination of Welds ................. 7
7.3 Significance of DiSCONtNUITIES. .....c..eeruerieriiriieniiniietieteieete et 9
7.4  Procedure Qualification and Approval ...........ccoceeveverieniniinienieneeieeeeen 9
7.5 EQUIPIMENE ..ottt ettt 10
7.6 Preparation for EXamination ........c...occeverieniiieninieneeieneeeeeesicee e 16
7.7 Scanning TeChNIQUES .......cc.evueeiirieriiriene e 16
7.8 Discontinuity LOCAtioN .......cc.ceouereeniiiieniiienieiienieeeieeeeeee e 21
7.9 Discontinuity EValUation ...........coceeviiieniiiiniiienceeieeeeeeeeee e 27
7.10 AcCePtance CIilerTa .....cc.eeuiruieiirieeiieiienie ettt 33
T 1T REPOTTINZ ..ttt sttt ettt e e 41
712 VEITHICALION ...ttt 41
8 TECHNICAL RECOMMENDATIONS FOR MAGNETIC

PARTICLE TESTING.......cottiniinieinieinictnetectetet ettt 42
8.1 Applicability of Magnetic Particle Examination to Offshore Structures ...... 42
8.2 Advantages and Limitations ........ceecuevuerierierienienieneeieneeieeieeieeiee e 42
8.3 Procedure Qualification and Approval ..........ccccceverieninienenienenienceieene 42
84 EQUIPIMENL ..ottt et 43
8.5 Examination TeChNIQUE .........cceeviiriiiriiniiniiiieneee e 45

8.6 Equipment Performance Checks (Standardization) and Evaluation of
SYSTEM SENSIEIVITY c.nvevieniiiiieiieieitieieet ettt sttt st s seeens 49
8.7 Interpretation and Evaluation of Indications ............ccccceveeverieneniencnniencene. 50
8.8 ACCEPLANCE CIILETIA .o.verueeiieiieiieieeiieie ettt e 51
8.0 REPOITINZ ..ttt sttt 51
APPENDIX A—EXAMPLE QUESTIONS FOR WRITTEN UT TEST..........cce.ce.. 53

APPENDIX B—CONSTRUCTION AND UT EVALUATION OF MOCKUP
STRUCTURES ....cociriiiiiineincneeeeeeesee ettt 57
APPENDIX C—EXAMPLE OF SCORING UT PERSONNEL PERFORMANCE.. 59
APPENDIX D—EXAMPLES OF UT AND MT REPORT FORMS...........cccoceeuvuennnn 63

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/API/136789511/API-RP-2X?src=spdf

APPENDIX E—GLOSSARY OF NONDESTRUCTIVE EXAMINATION

TERMINOLOGY ...cooouiiiiiiniiniininientenieseesteteterereteeeeeie e e 69
APPENDIX F—BIBLIOGRAPHY OF BACKGROUND REFERENCES ................ 77
Figures
1—Weld Profiles Suitable for Preparation of Ultrasonic Test Plates .............c.......... 4
2—Method of Producing Incomplete Fusion “Defects” on Bevel Faces.................... 5
3—Significance of DiSCONINUITIES ......c.eeeruiruirririeriirtiieieiereieeereeee et 9
4—International Institutes of Welding (ITW) Ultrasonic Reference Blocks ........... 13
S5—Institute of Welding (IOW) BIOCK ......cc.cooieiiiiiiniiieieeeeeceee e 14
6—Check of SWeep LINCAritY .......ccceevirieiiiiieiieieie e 14
7—IIW Block—Determination of Angle Beam Transducer Index.............c.cccc....... 14
8—IIW Block Showing Determination of Transducer Beam Angles ...................... 14
9—Determination of Beam Spread ..........ocoivevirininenenieniiieeeeeeeeeeeee 15
10—Measurement of Beam Profile in the Vertical Plane............cc.ccoocoooeiiniininin. 15
11—Measurement of Beam Spread in the Horizontal Plane...........cccccoceviiieninneens 15
12—Weld ROOt INACXK ...ttt 17
13—Weld Root Marking of Members for Installation Pile Splice Welds................. 18
14—Parameters Associated With Geometry of Pipe Intersection............cccccceenenee. 19
15—Weld Root EXamMination..........cc.eeouerieiinieniieieieecesec et 20
16—Scanning Patterns ...........ccoceeuiiieiiiiieieeee ettt 20
17—Weld SCANMING ..ottt ettt ettt ettt sbe e saeens 21
18—Transfer Correction Determination .............ccceeeeeeeerieniereenieneenie e 21
19—Graphical Plotting Cards Example 1 .........ccccocovininininininiiiieceeeeceeee, 22
20—~Graphical Plotting Cards Example 2 ..........ccccooiiiniieniiieneeeceeeceeee 23
21—~Graphical Plotting Cards Example 3 ..........ccccoooiiiiniiiiniieeeeeeceeee 23
22—Graphical Plotting Cards Example 4 ............ccoooiiiniiieniieneeeeeeceeee 24
23—Graphical Plotting Cards Example 5 .........ccoccoviiiniiiiniiieeeeeeeeeee 24
24—Graphical Plotting Cards Example 6 ............ccoocevieniiiiniiieieeceeceee 25
25—Graphical Plotting Cards Example 7 .........ccoccoviiininieniiieneeeceeiceeen 26
26—Graphical Plotting Cards Example 8 ..........cccoooiiiiiiiiniiineeeeee 26
27—Circumferential Beam Path Scan.........c..cccociiininininiiiniiieee, 27
28—Skip Distance Adjustment for Circumferential Beam Path...............c............. 28
29—Graphical Plotting Card for Circumferential Beam Path...............c.cccocoeee. 29
30—Alternate Method for Determination of Skip Distance on Current Surfaces ... 30
31—Probe Manipulation for Spherical DiScontinuity...........ccccceveecerierieneenienene 30
32—Probe Manipulation for Planar DiSCONtINUILY ........ccevuerierieninienieierieeieiee 30
33—Distance AmMpPlitude COITECTION ....c..eeviruieiiriieieiierie et 30
34—Beam Boundary TeChnique ..........coccevirieniiiiiniiiieiceeceeeeeeee e 31
35—Beam Boundary PIOtHNG .......cccoeviiiiiiiiiiiiiiiee e 32
36—Maximum Amplitude TeChniqUe .........coceeviiiiriiiiiieeeeeee e 34
37—Multiple ReECIOTS .........ooviiiiiieieeeceeeeee e 34
38—Circumferential Direction Beam Profile.............cccoooiiiiiniiininininnne. 34
39—20-Decibel d/B Beam Boundary Method..........cccccocevieniiiininicninicnienieene 34
40—Length Measurement COMPATISON «...c..eeuveierierierieneeienieetenieeeenieeienieeniesinens 34
41—Weld Profile Classifications...........ccoceeuiviriiniiniinieniiieiciccieeeeeeeececee e 36
42—Design Curves for Different Weld Profiles Curve X From API RP 2A-WSD . 36
43—Reference for Level “A” Examination Block ...........cccoceviiiiiiiininnnnnnnn 37
44— evel A Acceptance Weld QUAlity ........coceeeuerieniiriinienniiniiieneeeneecseeesens 38
45—Internal Reflectors and All Other Welds...........cccooeviiiiiniiiiiiinniiiniiiiiiien, 39
46—Reference for Level C Examination BlocK..........c.cccooiiiiiiinininnnnnnn, 40
AT—DEfINILIONS ...eoviiiiiiiieiiiiiiiecceeeee e 41
48—T, K, and Y ROOt DETECIS ...ccoiiiiiiiiieeeeeeeeeeeeeeeeeeeee et aaaaaaees 42
49— ongitudinal Field Produced by Electromagnetic Yoke Setup..........ccccceueuee 43
vi

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/API/136789511/API-RP-2X?src=spdf

50—Radial Field Produced by “Single-Leg” Electromagnetic Setup.....................
51—Magnetization Plan SEtUPS .......ccceeeeiiirieniiiiee e
52—Illustration of API-Recommended Magnetic Field Indicator
53—FElectromagnetic Yoke Setup for Detection of Longitudinal Discontinuities...
54—Flectromagnetic Yoke Setup for Detection of Transverse Discontinuities ......
55—Incorrect and Correct Electromagnetic Yoke Setup for T and Y

JOINt CONNECIONS ....vvviiieiiiieiieitetceteet ettt ettt
56—Acceptable Setup for Scanning with “Single-Leg” Electromagnetic

IMELNOM ..ottt s
57—-Single-Leg Electromagnetic Setup for Detection of Longitudinal

DISCONTNUILIES ...c.veiteiieiieiieit ettt ettt s
A-1—Question 17 DIagram.........ccooeeieiieiiinieieeieeee et
A-2—Question 18 DIagram.........ccooeeieiuieiiiniieieeiee ettt
A-3—Question 19 DIagram..........cccoevieieieieininienieeseneetereeeeeeee e
B-1—Technique for Examining Welds Containing Natural Defects............cc..c......
C-1—Example of Key to Placement of Reflectors in Test Plate ...........cc.cccccouenne.
C-2—Example of Typical Ultrasonic Technician Report of Test Results ...............
C-3—Graphical Evaluation of Technician’s Report..........ccooceevirieniiieniiiencnnens
D-1—Ultrasonic Examination Report Rejected Indications ..........ccccceceeverieniennnee

Tables
1—Recommended Maximum Time Intervals Between Recalibration and
Recertification of NDE EqQUIPMENt .......c.cecveririiinieniinieieiieieceeeeeeee e
2—Recommended Standards and Maximum Performance Check Intervals
for NDE and Mechanical Measuring EqQUipment..........cc.ccoceveeneieenenieniennnne
3—Transfer Correction Gain AdjUStMENTt ........cceeverierieniieieniieieeeee e

vii

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/API/136789511/API-RP-2X?src=spdf

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/API/136789511/API-RP-2X?src=spdf

Recommended Practice for Ultrasonic and Magnetic Examination of Offshore
Structural Fabrication and Guidelines for Qualification of Technicians

1 Scope

This recommended practice (RP) for nondestructive exam-
ination (NDE) of offshore structural fabrication and guide-
lines for qualification of personnel contains guidance on NDE
methods which have evolved from fabrication experience
with offshore structures. These methods are commonly used
and have found acceptance due to their reliable detection of
discontinuities. The five NDE methods routinely used in off-
shore structural fabrication are visual (VT), penetrant (PT),
magnetic particle (MT), radiography (RT), and ultrasonic
(UT) examinations. This recommended practice primarily
addresses the MT and UT methods. Guidance on VT, PT and
RT is incorporated by reference to ANSI/AWS DI.1. Further
recommendations are offered for determining the qualifica-
tions of personnel using MT and UT techniques. Recommen-
dations are also offered for the integration of these techniques
into a general quality control program. The interrelationship
between joint design, the significance of defects in welds, and
the ability of NDE personnel to detect critical-size defects is
also discussed.

THIS DOCUMENT IS NEITHER A CODE NOR A SPEC-
IFICATION AND SHOULD NOT BE UTILIZED AS
SUCH BY THE OPERATOR.

2 References

The applicable editions of non-API standards referenced
herein are as follows. Only the latest editions of these stan-
dards should be considered applicable, unless otherwise stated.

API

RP 2A-LRFD Recommended Practice for Planning,
Designing and Constructing Fixed
Offshore Platforms—Load and
Resistance Factor Design
Recommended Practice for Planning,
Designing and Constructing Fixed
Offshore Platforms Working
Stress Design

RP 2A-WSD

ANSI!//AWS?2
A3.0
DI.1
B1.10

Standard Welding Terms and Definitions
Structural Welding Code—Steel

Guide for the Nondestructive Inspection
of Welds

B1.11 Guide for the Visual Inspection of Welds

I America National Standards Institute, 11 West 42nd Street, New York,
New York 10036.

2 American Welding Society, 550 N.W. LeJeune Road, Miami, Florida
33135.

1

ASNT3
SNT-TC-1A Recommended Practice for Qualification

and Certification of NDE Personnel
ASTM*

A 435/A 435M  Straight-Beam Ultrasonic Examination of
Steel Plates
Straight-Beam Ultrasonic Examination of
Plain and Clad Steel Plates for Special
Applications
Standard Practice for Ultrasonic Angle-
Beam Examination by the Contact
Method
Standard Guide for Magnetic Particle
Examination
Standard Practice for Magnetic Particle
Examination

A 578/A 578M
E 587

E 709

E 1444

3 Definitions

The welding terminology used herein is defined in the
American Welding Society publication A3.0. Relevant ultra-
sonic terminology is defined in the Glossary section,
Appendix E, of this document. Other definitions of interest
are tabulated in the following. For the purpose of this stan-
dard, the following definitions apply:

3.1 acceptance criteria: Limit of shape, size, and posi-
tion of discontinuities acceptable within the context of the
specific design requirements.

3.2 agency personnel: Personnel employed and trained
by an independent organization, offered to the Operator on a
contract basis, for assisting in the construction inspection.

3.3 certification: Written testimony of qualification.

3.4 designer: The person, firm, corporation, or other orga-
nization employed by the Operator during fabrication and
installation with responsibility for examining all details of fab-
rication to ensure compliance with construction specifications.

3.5 inspector: The individual representing the Operator
during fabrication and installation with responsibility for
examining all details of fabrication to ensure compliance
with construction specifications.

3.6 NDE examination: An examination of materials
and fabrication by qualified personnel responsible to the
inspector using equipment for the purpose of locating and
sizing discontinuities in materials or welds and reporting

3American Society of Nondestructive Testing, Inc., 1711 Arlington Lane,
P.O. Box 28518, Columbus, Ohio 43228-0518, www.asnt.org.

4ASTM International, 100 Barr Harbor Drive, West Conshohocken, Penn-
sylvania 19428-2959, www.astm.org.
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