STP-PT-050

AN INVESTIGATION OF
THREE RADIOGRAPHIC ACCESS
PORT PLUG GEOMETRIES AND
THE SURROUNDING PIPE WALL
UNDERGOING CREEP




STP-PT-050

AN INVESTIGATION OF
THREE RADIOGRAPHIC
ACCESS PORT PLUG
GEOMETRIES AND THE
SURROUNDING PIPE WALL
UNDERGOING CREEP

@M‘E STANDARDS
. TECHNOLOGY, LLC



Date of Issuance: June 15, 2012

This report was prepared as an account of work sponsored by ASME Pressure Technology Codes &
Standards and the ASME Standards Technology, LLC (ASME ST-LLC).).

Neither ASME, ASME ST-LLC, the author, nor others involved in the preparation or review of this report,
nor any of their respective employees, members or persons acting on their behalf, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents that its use would not infringe upon privately
owned rights.

Reference herein to any specific commercial product, process or service by trade name, trademark,
manufacturer or otherwise does not necessarily constitute or imply its endorsement, recommendation or
favoring by ASME ST-LLC or others involved in the preparation or review of this report, or any agency
thereof. The views and opinions of the authors, contributors and reviewers of the report expressed herein do not
necessarily reflect those of ASME ST-LLC or others involved in the preparation or review of this report, or any
agency thereof.

ASME ST-LLC does not take any position with respect to the validity of any patent rights asserted in
connection with any items mentioned in this document, and does not undertake to insure anyone utilizing a
publication against liability for infringement of any applicable Letters Patent, nor assumes any such liability.
Users of a publication are expressly advised that determination of the validity of any such patent rights, and the
risk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representative(s) or person(s) affiliated with industry is not to be interpreted
as government or industry endorsement of this publication.

ASME is the registered trademark of the American Society of Mechanical Engineers.

No part of this document may be reproduced in any form,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

ASME Standards Technology, LLC
Three Park Avenue, New York, NY 10016-5990

ISBN No. 978-0-7918-3427-5

Copyright © 2012 by
ASME Standards Technology, LLC
All Rights Reserved



Radiographic Access Port Plug STP-PT-050

TABLE OF CONTENTS

FOT@WOTA ...ttt b et bt ettt et e e s bt et e s bt e st e bt eatetesbeenees vi

EXCCULIVE SUIMIMATY ....viiiiiieiiiieiieecieeeeiteeeiieeeteeestteeebeeestbeesbeeasseessseeessseesssaeassasessseesssesesssesssseesssennns vii

I INTRODUCGTION ..ottt ettt et ettt et et est e be e st enteseeseenseeseensasseeneensesseensenseeneensenns 1

2 FINITE ELEMENT MODELS. ...ttt ettt sttt ettt ettt e snteesneeesnseeenns 2

2.1 GBOIMELIY .ttt ettt ettt ettt ettt ettt et e e bt e sheesateeabe e bt e bt e esbeeabeembeenbeebeesbeesaeesaeeeaneeane 2

2.2 Loading and CONSLIAIMNES. ......cccutiiuieitiertieniieeie ettt et stte st ettt e bt e bt e sbtesaeeeateebeesbeesaeesaeesaneeaee 4

2.3 Material Properties and Creep BEhavior .........cccuieeviiiiiiiiiiieciececee ettt 6

3 FINITE ELEMENT RESULTS FOR THE THREE ORIGINAL GEOMETRIES.......................... 7

3.1 Maximum Principal SIIESS .......cccuiiiiiiiiiieeiieeeiieeiie et e eteeesveeete e e eveeeteeesebeesraeeeseeesseeenssens 17

3,11 MaxXimum ValU.....o.ooiuiiiiiiiiiie ettt st st et 17

31,2 AVEIAZE VAIUC...cceiiiieiieiie ettt sttt st sttt e e ta e sraeenaeenne e 19

3.2 VOI MISES SEIESS ...cuteutiiuieteetieieeteete st eiteste st et e st e eatesteest et e sb e e tesbeeste bt eseentesbeentesteeseenbesneeneenne 21

32,1 MaxXimum ValUE......cocuiiiiiiiiiiiieieiteete ettt sttt st s 21

322 AVEIAZE VAIUC.....cciiiiiiiiciiecte ettt et e et e et e e et e et e e e taeenbaeenbaeenabaeans 23

T = (70] o 15 43RS 24

33,1 MaxXimum ValUC......cooiiiiieiieieie ittt ettt ettt e st saesneennens 24

3.3.2  AVEIAZE VAUC....coiiiiiiie ettt ettt e et e et e e et e e eb e e e taeeebeeenbaeenabeeans 26

3.4 RAIAL STESS ..ttt ettt ettt e bt bt sttt e bt e bt e b e et e et eaee 27

341 MaxXimum ValUC......cocuiiiiiiiiiieieiiteete ettt sttt et s 27

342 AVEIage VAlUC.....ceiiiieiiiiie ettt sttt s enne s 29

4 BORE DEPTH ...ttt ettt ettt et e st e st e be e st et e saeeneeseeneensenees 31

5 INCREASED INTERNAL PRESSURE .......ooiiiiieeeeeeeeeee et 35

6 CONCLUSION......ottiteteet ettt ettt ettt ettt b e et e bt s st et e e bt et e s bt eatetesbeeneenbesneenseeneenees 37

RETEIEIICES ...ttt ettt ettt e bt e s bt e sate e abe e bt e bt e sbte bt e sbeesaeesateenteens 38

ACKNOWIBAGMENES ......eetiiiie ittt ettt et e b e bt e s b e sat e et e e bt e bt e sbeesaeesateeneeens 39
LIST OF TABLES

Table 1 - Model Sizes for Each of the Three GEOMELIies .........cceviereriieeienieeieieee e 2

Table 2 - Symmetry Boundary Conditions............ccvieeiiriiieeriieeieecree e eereeereesveeseveesveeeseveessseenens 4

Table 3 - Elastic Material Properties..........cccveviiriiriiiiiieiieriee e ste et esteeste e sreeteesseesnesnseensesnnesnseenns 6

Table 4 - Strain Hardening Creep Law Material Properties .........cccoeueriieiieiienienienieeeeeeeeseeee e 6

Table 5 - Maximum Stress Values Observed in Weld—Solid Plug...........cocooiiiiiiiiniiiee 8

Table 6 - Maximum Stress Values Observed in Weld—3/8" PIUZ ........ccocvevvievciiicieieeeieeeeeene 8

Table 7 - Maximum Stress Values Observed in Weld—1/4" PIUZ ........cccceeveeveiieiiecieeeeeeeene 9

Table 8 - Average Stress Value Observed in Weld—Solid Plug .........cccovveiiiiiiiiiiieeeeee 9

Table 9 - Average Stress Values Observed in Weld—3/8" PIug ........ccccevevveviieciienieniicieceeeeieeiene 10

Table 10 - Average Stress Values Observed in Weld—1/4" PIUZ .......ccoeevvevievieniiciicieeecee e 10

il



STP-PT-050 Radiographic Access Port Plug

LIST OF FIGURES
Figure 1 - ES-16 Compliant Plug for Pipe Wall Thickness from 3 in. (76 mm) through 5 in. (127

100100) 1 18 O USRS 1
Figure 2 - Meshed Solid, 3/8" and 1/4" GEOMEIIIES ........cccveerreerrerrreieeieeriesreereeseeseesseesseesssesnseesseens 2
Figure 3 - Spatial Relationship between the Plug, Pipe and Weld............cccooooniiiiiiiniinniee, 3
Figure 4 - Tied Contact between Weld Metal Buildup and Circumferentially Uniform 3/8" Weld

(Highlighted In Red) .....coueiiiiiiiee ettt 3
Figure 5 - Meshed Solid Plug Model Including Plug, Pipe and Weld...........ccoocoviiiininininiieee, 4
Figure 6 - Symmetry Boundary Conditions Applied To the Models.........cccccoeiiriiiiiiiiiniiieeee, 5
Figure 7 - Internal Pressure and Axial Thrust Applied To Models..........cccoooieiiiniiniiiiiiieieeeee 5
Figure 8 - Angular Locations of Stress Reporting Positions in Weld............coceiiiiiiiiiniininenenenee. 7
Figure 9 - Weld Plane (Highlighted) for Stress EXtraction..........ccooueeieeiienienienieeiceeeeeceee e 7
Figure 10 - Maximum Principal Stress (MPa), Time = 10° hrs, 1000x Deformation (Top - Solid

Plug, Middle - 3/8" Plug, Bottom - 1/4" PIUZ)......cccverierieriienieeiieieeieeieeee e 11
Figure 11 - Von Mises Stress (MPa), Time = 10° hrs, 1000x Deformation (Top - Solid Plug,

Middle - 3/8" Plug, Bottom = 1/4" PIUZ) ...cc.eoiiiiiiiiieieecieectteete ettt 12
Figure 12 - Hoop Stress (MPa), Time = 10° hrs, 1000x Deformation (Top - Solid Plug, Middle -

3/8" Plug, Bottom = 1/4" PIUZ)....cccveiiiiiieriieiiecie ettt et tae st s e e 13
Figure 13 - Radial Stress (MPa), Time = 10° hrs, 1000x Deformation (Top - Solid Plug, Middle -

3/8" Plug, Bottom = 1/4" PIUZ) ....ccoviiiiiiiieciiecie ettt ettt e e 14
Figure 14 - Von Mises Stress Creep Evolution for the Solid Plug, 1000x Deformation...................... 15
Figure 15 - Von Mises Stress Creep Evolution for the 3/8” Plug, 1000x Deformation....................... 16
Figure 16 - Von Mises Stress Creep Evolution for the 1/4” Plug, 1000x Deformation........................ 17
Figure 17 - Maximum Max Principal Stress at Theta=0............ccccoeveririeninieiineeeeeeeseee e 18
Figure 18 - Maximum Max Principal Stress at Theta=90...........ccccovvevierieiieeieeeereeeee e 18
Figure 19 - Average Max Principal Stress at Theta=0.........c..ccoeeieiiiniiniiiiiiieee e 20
Figure 20 - Average Max Principal Stress at Theta=90...........cccccoeiiiniiniiiiiiiiiee e 20
Figure 21 - Maximum Von Mises Stress at Theta=0...........cccccoeverviiriieriieiiie e 21
Figure 22 - Maximum Von Mises Stress at Theta=00.........c.ccociiiiiiiiniiiiiiiceeee e 22
Figure 23 - Average Von Mises Stress at Theta=0 ..........cccccoviiriiiiiinieneiie e 23
Figure 24 - Average Von Mises Stress at Theta=90 ...........ccccevveiiriiinieniieniece e 24
Figure 25 - Maximum Hoop Stress at Theta=0..........c.cccvervieriirieiiieiiieieeieesee et 25
Figure 26 - Maximum Hoop Stress at Theta=90...........ccccoiviiiiiniiiiiiiee e 25
Figure 27 - Average Hoop Stress at Theta=0...........cccccevvvireiierierieiiecie ettt eeeas 26
Figure 28 - Average Hoop Stress at Theta=90..........cccoocuieeiiriiirieiie et ve e 27

v



Radiographic Access Port Plug STP-PT-050

Figure 29 - Maximum Radial Stress at Theta=0..............ccceovviiiieiiiiii ettt 28
Figure 30 - Maximum Radial Stress at Theta=90...........cccveviiriierienieeie e 28
Figure 31 - Average Radial Stress at Theta=0............ccccoeeviriiiiiierienie et saee 29
Figure 32 - Average Radial Stress at Theta=90.............cccciiiiiiiiiiiiniiie e 30
Figure 33 - Deep Bore Plug Compared with Original GEometry.........cceecueeiieiieniiniiiieeienee e 31
Figure 34 - Max Principal Stress Creep Evolution for the Deep Bore 3/8” Plug, 1000x

DEfOTMALION. ...ttt ettt ettt st sttt ettt et sae e ebe 32
Figure 35 - Max Principal Stress Creep Evolution for the Deep Bore 3/8” Plug........cccccoveveiiiicene. 32
Figure 36 - Max Principal Stress Creep Evolution for the Deep Bore 3/8” Plug.......ccccooevienincennnne. 33
Figure 37 - Max Principal Stress Creep Evolution for the Deep Bore 3/8” Plug.......ccccoovecienvncennne. 33
Figure 38 - Max Principal Stress Creep Evolution for the Deep Bore 3/8” Plug........cccccovevviiiinnin. 34

Figure 39 - Vohn Mises Stresses for All Geometries at Theta=0 for Internal Pressures 2 MPa and
LO MP ottt 35

Figure 40 - Von Mises Stresses for All Geometries at Theta=90 for Internal Pressures 2 MPa and
LO P ettt ettt 36



STP-PT-050 Radiographic Access Port Plug

FOREWORD

This report evaluates the effects of various plug geometries on stresses that evolve during creep. A
quantitative investigation of creep-compliant plugs was conducted. This work identifies the stresses,
as a function of plug geometry, in the weld between the plug and the pipe wall.

Established in 1880, the American Society of Mechanical Engineers (ASME) is a professional not-
for-profit organization with more than 127,000 members promoting the art, science and practice of
mechanical and multidisciplinary engineering and allied sciences. ASME develops codes and
standards that enhance public safety, and provides lifelong learning and technical exchange
opportunities benefiting the engineering and technology community. Visit www.asme.org for more
information.

The ASME Standards Technology, LLC (ASME ST-LLC) is a not-for-profit Limited Liability
Company, with ASME as the sole member, formed in 2004 to carry out work related to newly
commercialized technology. The ASME ST-LLC mission includes meeting the needs of industry and
government by providing new standards-related products and services, which advance the application
of emerging and newly commercialized science and technology and providing the research and
technology development needed to establish and maintain the technical relevance of codes and
standards. Visit www.stllc.asme.org for more information.

vi



Radiographic Access Port Plug STP-PT-050

EXECUTIVE SUMMARY

When heavy-wall pipe field welds are radiographed, common practice is to route the radiation source
through a hole in a pipe near a weld, and locate it on the centerline using a J-shaped tube. The J-
shaped tube is then removed and a plug is screwed into the hole. The plug is then welded to the pipe
around the plug’s circumference. Initially, the stresses are carried by the plug’s threads. However,
after prolonged service, stresses are increasingly carried by the circumferential plug welds. In
addition to thread corrosion, creep stretches the hole in which the plug is located, possibly increasing
stress on the circumferential plug weld. Creep failures of radiographic access port plugs have been
observed.

The objective addressed in the report is to evaluate the effects of various plug geometries on stresses
that evolve during creep. This was done by examining stresses using finite element creep simulation
on three different plug geometries. No threads were considered in any of the geometries. The forces
due to internal pressure were only resisted by the plug fillet weld. The following geometries were
considered.

1) A solid plug with no threads.
2) A bored out plug (3/8” wall thickness) ceteris paribus. (1/2” bore)
3) A bored out plug (1/4” wall thickness) ceteris paribus. (5/8” bore)
The weld geometry considered was a 3/8” circumferential fillet weld between the plug and the pipe.

Three identically-loaded finite-element models were assessed. To assess the plug geometries,
maximum and average stress values were compared at two locations in each weld. Principal, Von
Mises, hoop and radial stresses were examined (where hoop and radial stress were defined as local to
the plug).

Both maximum and average principal stress (largest tensile stress) in the weld increased with plug
bore diameter, as did hoop stress values. The analysis results also seemed to show that the use
hollowed-out plugs had a detrimental effect on both the maximum and average hoop stress around the
plug. Von Mises stress showed no significant dependence or a slight increase with increasing bore
diameter. The hollowed-out plugs were slightly more compliant during the initial phases of creep, as
shown by more rapid stress changes and a quicker time to reach steady-state. However, the relevant
stresses, both initially and after creep evolution to steady state, were higher for the hollowed-out
plugs.

The comparative behavior of the various plug geometries did not change as the internal pressure was
increased, even though the initial stress and creep rates increase. This suggests that hollowed-out
plugs offer no significant advantage even at higher internal pressures.

Further examination of a plug design using a 3/8” wall thickness plug (1/2” bore), but with a deeper
flat bottom bore hole showed no significant benefit as compared to the original bore geometry. There
was no significant stress reduction or improvement in creep compliance, and the resulting stresses
initially, and after creep, were still higher than the solid plug geometry.

As failure of the plug weld will be governed predominately by hoop or principal stresses, these results
indicate there are no substantial benefits, and possibly detrimental impact, to the use of hollowed-out

plugs.
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