101 California Street. Suite 1000, San Francisco, CA 94111-5894 415 397-5600

November 28, 1984
84042.033

Mrs. Juanita El1lis
President, CASL

1426 S. Polk

Dallas, Texas 75224

Subject: Responses to Cygna Questions from the Independent Assessment Program
Reviews
Comanche Peak Steam Electric Station
Independent Assessment Program - Phase 3
Texas Utilities Generating Company
Job No. 84042

Dear Mrs. Ellis:

Enclosed please find copies of responses to questions from the various disci-
plines associated with Phase 3 of Cygna's Independent Assessment Program.

Feel free to call if you have any questions or wish to discuss the enclosed
documents.

Very truly yours,

P, Oldae,

D. C. Oldag /7
Administrative Ass{? ant
ajb

Enclosures

cc: Mr. S. Treby (NRC), w/attachments
Mr. S. Burwell (NRC), w/attachments
Mr. D. Wade (TUGCO), w/o attachments
Ms. J. van Amerongen (TUGCO/EBASCO), w/o attachments
Mr. D. Pigott (Orrick, Herrington & Sutcliffe), w/o attachments
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Attachments

L.M. Popplewell (TUGCO) letter to N.H. Williams (Cygna), CPPA-41,195,
“Cygna Potential Finding Report (Fisher Valves)," October 2, 1984.

L.M. Popplewell (TUGCO) letter to N.H. Williams (Cygna), "Telephone
Conversation of October 30, 1984 between L. Weingart, J. Burgess and J.
van Amerongen,“ October 30, 1984.

L.M. Popplewell (TUGCO) letter to N.H. Williams (Cygna), "Cygna Review
Questions, Reference Cygna telecon dated 10/23/84, Double Trunnion
Support MS-1-004-005-C72K," November 1, 1984.

J.B. Georga (TUGCO) letter to N.H. Williams (Cygna), "Cinched U-Boit
Testing & Analysis Program, Additional Information," November 1, 1984.

L.M. Popplewell (TUGLO) letter to N.H. Williams (Cygna), “Telephone
Conversation of October 30, 1984 between J. Minichiello (Cygna) and J.
Finneran (TUGCO)," November 8, 1984.

J.B. George (TUGCO) letter to N.H. Williams (Cygna), "Cinched U-Bolt
Testing & Analyses Program, Additional Information," November 16, 1984.



TEXAS UTILITIES GENERATING COMPANY

P O BOX 1002 - GILEN ROSE. TEXAS 78042
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CPPA-41,195 iju,['to e
October 2, 1984 , 'hmcw/‘b

‘5‘\: (,bhaukz«.fnt
CYGNA Ene Servi \ o

101 “}gggr&' Street G. Byokwa
Smt;rmcisco, California 94111 l i [UL/- ,/,(,G;M,)

Attention: Ms. Nancy Williams | QU P [
Project Manager C‘IGI\H .

COMANCHE PEAK STEAM GPTATION
CYGNA POTENTIAL FINDING_REPORT
(FISHER VAL TE LOGGED :
REF: CPPA-39!%34g no . -

Gentlemen: FILE:

ROS3 . ;
The following is submitted in response to et b5
Report. This report involved several main steam relief valves where the
actual "as-built" loading conditions were not properly qualified or con-
firmed acceptable.

1=

The main steam relief valves (Tag No. PV-2325 through PV-2328) were
subjected to an operability test. They passed the test and no pipe

support rework was required. As previously mentioned in referenced
correspondence, a review of Fisher active and passive valves with similar
support configurations was conducted for potential impact. This review
identified the following valves which also required qualification/acceptance
to the "as-built" loading.

Active: HV-2185 through HV-2188
E— FV-2193 through FV-2196
HV-2397 through HV-2400
HV-2401AGB through HV-2404A&B
HV-4165 through HV-4176
HV-4178 and HV-4179
HV-7311 and HV-7312

Passive: TV-4691 through TV-4694
HV-5384 and 1-7800
1-8034 and 1FC-7812
1-7155 and 1HCV-014

The "as-built" loading/information for these valves was transmitted to
Fisher and have subsequently been qualified. The only physical modifica-
tion required as a result of this qualification was the replacement of
five (5) SMA-1/4 snubbers with SMA-1/2 snubbers. Although the SMA-1/4
snubbers were adequate for the "as-built" loading, Fisher requested that
SMA-1/2's be installed in order to use an existing qualification report
thereby expediting closure of the issue.

ADIVISION OF TEXAS UTILITIES ELECTRIC COOMPANY




CPPA-41,195

Cfmkzmrgy Services
e 2.
October 2, 1984

This issue has been addressed in accordance with Deficiency Review Report
(DRR) -054 which identified the concern as a potentially reportable item.
Our subsequent disposition to Significant Deficiency Analysis Report
(SD'&) CP-84-16 indicates no adverse safety conditions would result if
the item :  ‘ned undetected and the issue is not reportable under the
provisions of 10CFRS0.55(e).

Please contact this office in the event additional information can be
provided.

Very truly yours,
TEXAS UTILITIES GENERATING COMPANY

oy,

L. M. Popplewell
Project Engineering Manager

&
M/Jé/RPB/cp
cc: ARMS

D. H. Wade

J. J. Van Amerongen
File SDAR-CP-84-16
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TEXAS UTILITIES GENERATING COMPANY b Wing
P O BOX 1002 - GIEN ROSE. TEXAS 76043 Wil
§%oy a JPF
CYGNA |
Octob~r 30, 1984 fi
JOB NO 3 &L_
DATE REC'D/LOGGED: o /! / 2/
LOG No. : ﬂs ‘_'M-
Cygna Energy Services FILE: K./ /

101 California Street CROSS REF. FIL
Suite 1000 b - 'llf'" e

San Francisco, California 94111

Attn: Ms. Nancy Williams, Project Manager

REF: Telephone Conversation of October 30, 1984 between
L. Weingart, J. Burgess, and J. Van Amerongen

Dear Ms. Williams:

Attached please find the information requested to close out
the Phase III open issue on the Fisher Main Steam Relief
Valve.

If ther» are any further questions or comments,
please cuntact Ms, Jeanne J. Van Amerongen
(Extension 500).

Very truly yours,

7 -
L. M. Poppléwell
Project Engineering Manager

LMP/JVA/bh

cc: L. Popplewell
D.H. Wade
R.E. Ballard
J. Finneran
J. Burgess
J. Van Amerongen

ADIVISEON 0 TEXAS T THLITIES PR TR 0 MPAaNy
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TEXAS UTILITIES GENERATING COMPANY

P. O BOX 1002 - GILEN ROSE. TEXAS 043

TSC-6454

September 19, 1984
cCL St .
P. 0. Box 12728 o Aet
Research Triangle Park, NC 27709 .

Attention: Mr. Stephen Lehrman

COMANCHE PEAK STEAM ELECTRIC STATION
EQUIPMENT QUALIFICATION DOCUMENTATION
SPECIFICATION 2323-M5.78
P, 0. NO. CPF-11167-S, SUPP, 7

Gentliemen:

By copy of this letter, we enclose to the vendor stamped "APPROVED — CHECKED
FOR GENERAL COMPLIANCE WITH PLANS AND SPECIFICATIONS. THIS DOES NOT RELIEVE THE
VENDOR FROM RESPONSIBILITY FOR THE CORRECTNESS OF KIS WORK OR FOR FULFILLING TEE
OBLIGATIONS OF HIS CONTRACT WITE TEXAS UTILITIES GENERATING COMPANY", the
following document:

SEISMIC QUALIFICATION REPORT
OF MAIN STEAM RELIEF VALVE
FOR COMANCHE PEAK STEAM ELECTRIC STATION
. REPORT NO. A-655-84
Dated September 14, 1984

Please refer to the above "TSG" number in all transmittals resulting from this
letter.

Very truly yours,

Supervising Engineer
O’\M TUCCO Nuclear Engineering

PBS:CLW:RMich
Attachment

ec: ARMS (1L)
L. Barnes (1L, 1A) PMG-M-997
E. Q. Pile (1L, 1A)
B. F. Jones (1L) PMC
J. Burgess (1L)
D. MWeadrick (1L)

ADIVINEON GV TERAR ITILITIES BLEUTRIC (OONPANY



SEISMIC QUALIFICA ! ION
REPORT

MAIN STEAM RELIEF VALVE _ .
et ‘ for

COMANCHE PEAK STEAM ELEéTmc STATION
TEXAS UTILITIES GENERATING COMPANY

GIBBL & MHILL Specification

A S R AT £ R S SN S AR S T T e M BT R & e et e 50 S < AR A b o
i Report Date :September 14, 1984

M o aden s it dunecd o) CCL Report Number : A-655-84
CCL Project Number :84-1813.12

APPROVED EXCEPT AS WOTED CPF-11167-S Supplement 7

[0 wot_aremovin . REVISE AND RESUSMIT

[ tOR_INFORMATION ONLY .
T CAID FOR  GENERAL mnu::t“?"u By. ‘ .
p PECIFICATIONS. THIS r \:i;'!ég
o AV THE VENOOR FROM  BNSPONSISRITY \\“\‘\\ =] g(’ﬁ,’ Black
%

N
Fo. TLE LORRICTNESS OF wMis uoc- n S enens,
FUR FULFILLING THE OBLIGATIONS .

L O ONALT wWiTH
T A% UTILITIES GENERATING CO,

£ M o ED 1 H A}
L %ckod By 5_ Q 'g&»«w—

‘ ""uom““ e é‘\“ ¥ C‘P‘:": - '
Approved By C %
C. Gary H + ¥ ._- : ;
CORPORATE CONSULTING AND ¢
DEVELOPMENT MPANY.LTD.\ .‘°

v (

LA \
o o & e . w— "V \u\\‘

“‘umm' o

Approved By

TEXAS UTILITES GENERATING
COMPANY

Prepared By

CORPORATE CONSULTING AND DEVELOPMENT COIIPANY. LTD.
P.O. Box 12728
Research Triangle Park, North Carolina, 27709-9998

for

TEXAS UTILITIES GENERATING COMPANY
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4, CONCLUSIONS

-

“ The valve has been shown by the testing described in this report to
be of sufficient structural integrity to withstand the loads postulated
for the valve during the SSE. Neither the valve's pressure retention
nor the valve's operability was impaired by the application of static
seismic loads. No changes in the performance of the valve were detected
during or after the static seismic operability tests,
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August 29, 1984

Texas Utilities Generating Company
P. 0. Bex 1002
Glen Rose, TX 76043

Attention: Manager - TUSI Nuclear Engineering

Subject: Submittal of Fisher Controls Seismic Analysis and
Supp lementary Qualification Report

Reference: Comanche Peak Steam Electric Scation, Unics 1 & 2
Main Steam Relief Valves
TUGCO P.0. No. CP=0078 and CPF=12049-§
Fisher Representative Order No's 1-61500-A,~B and
007D=-LF93114
Fisher Project No's NHS 170 and LSC 833C710
Fisher Qualification Projects 76NCO2 and B84QN89

Gentlemen:

Please find enclosed for vour information Fisher Controls Seismic
Analysis and Supplementary Qualification Report FQP-5A<l, Supplement A,
Revision A, daced August 22, 1984, as requested by the referenced purchase
order.

Fisher Controls laternational, "nec.

LCB:nf

Eaclosure « Tisher Controls Seismic Analysis and Supplementary Qual.
Report, FQP-SA~l, Supplement A, Revision A, dated 8/22/84.
(3 copias)

cc: Texas Utilities Generating Company
Attn: Dave Headrick

Vinson Supply Company (Dallas)
Attn: Dick Jacobson



B o PIIGN- 968

GEDD

cc: Fisher Controls
Attn: Woody Dickinson
John Dresser
163500 Base Order (NHS 170)
70-LF93114 (8330910)
Desk
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TEXAS UTILITIES GENERATING COMPANY
! lumduf/ %Y

P O BOX 1002 - GILEN ROSE. TEXAS 76043

November 1, 1984

‘ ( {\’INA

-

Cygna Energy Services JOS BO 3

101 California Street DATE REC'D/LOGGLD:

Suite 1000
San Francisco, California 94111 | 1OG RO.:

FILE:
Attn: Ms. Nancy Williams, Projec anager e, rFILE

CROS
COMANCHE PEAK STEAM
CYGNA REVIEW QUESTIONS

REF: CYGNA Telecon Dated 10/23/84, Double Trunnion
Support Ms-1-004-005-C72K
Dear Ms. Williams:

Attached 1s TUGCO's response to the ahove reference Phase
3 follow-up question.

If there are any further questions or comments, please contact
Ms. Jeanne J. Van Amerongen (Extension 500).

Very truly yours,

/ol

L. M. Popplewell
Project Engineering Manager

LMP/JVA/bh

cc: L. Popplewell
D.H. Wade
R.E. Ballard
J. Finneran
D. Rencher
J. Van Amerongen

ADIVISION (0 TEXAS PTHEITIES FLACTRIC caMprany




CYGNA QUESTION:

AS part of CYGNA's preparatory review for the Phase 3 double
trunnion open issue, CYGNA has found that one support, MS-1-
004-005-C72K, Mmay need further review b’ TUSCO for the weld
between the stanchion (item 8) and the na- (item 13). Since
this support was modeled in the pipe st~ ;s analysis as two
supports (i.e., as a moment restraint), there is a theoretical
moment carried by this weld. As shown on page 19 of the
8/17/84 calculation, more weld may be required to transmit this
moment than presently exists. CYGNA requested TUGCO to clarify.

TUGCO RESPONSE :

The original design of this support relied on the weld between
items 8 and 13 to transmit the entire tension or compression
load. This weld was designed for a translational force of
86901 1bs., and no moment.

The revised analysis to include the moment restraining effect of
trapeze supports was issued on 5/12/83 (ref. GTN-65560). The
problem had previously been qualified without modeling these
moment restraining supports in. In both analyses all pipe
stress was within allowable Timits. However, loads on this
support increased due to the restraint of rotation. Calcula-
tion by NPSI showed the weld in question was no longer adequate
for the increased loads. Hence, two U-bolts were added to

In the new support configuration, the two cinched U-bolts aid

in transferring the moment into a force couple which acts down
the axis of each snubber. The weld is not required to transfer
100% of the moment effect. Note that each snubber and the building
attachments are designed for the increased lToads from the latest
analysis, Therefore, the weld between items 8 and 13 is not
required to transmit this moment directly, and the connection

is adequately designed. Even if the weld and cinched U-bolts
were incapable of transferring the moment, the result would be
less load on the snubbers and pipe stresses are acceptable
either way.



Kee. 11-7-54

TEXAS UTILITIES GENERAT, COMPANY “”"a)

P O BOX 1002 - GIEN ROSE. TEXAS 76043 -
Digbwnly
7.9

November 1, 1984 9 /)Zu,l{//a(,(,(o ‘/(\
0. tdlino

Ms. N. H., Williams |
Project Manager

CYGNA Energy Services

{
N
101 California Street, Suite 1000 8'90 a pF

San Francisco, California 94111-5894

COMANCHE PEAK STEAM ELECTRIC STAT.ON
Independent Assessment Program Phase 3
Cinched U-Bolt Testing & Analysis Program
Additional Information

REF: (a) N. H. Williams (CYGNA) letter to J. B. George (TUGCO)
"U-Bolt Cinching Testing/Analysis Program-Phase 3
Open Items", 84042.015, dated August 23, 1984

(b) Transcript of "Discussion Between CYGNA Energy Services
and EBASCO Services, Inc.", dated September 13, 1984

(¢) R. C. lotti (EBASCO) letter to N. Williams (CYGNA)
"Additional Information As Follow-up To Meetings of
9/13/84", 3-1-17(6.2) ETCY-1, dated September 18, 1984

(d) N. H. Williams (CYGNA) letter to J. B. George (TUGCO)
"Status of Cinched U-Bolt Testing and Analysis Program",
84042.018 dated October 1, 1984

Dear Ms, Williams:

Reference (a) contained CYCNA's questions on the TUGCO cinched U-bolt testing
and analysis program. All of the questions raised in that reference were
discussed during the meetings of September 13, 1984 (Reference b), and several
of the questions were resolved as a consequence of that meeting and the addi-
tional information provided to CYGNA via Reference (c).

Reference (d) requests additional clarification and/or information on TUGCO's
stated position on those CYCNA comments/questions which have not been fully
resolved.

Accordingly, we are providing in Attachment 1 the information you request as

answers to the questions posed in Rcfcrenceﬂ&)v-m - 2
' A /
T '8 j

s

"

y J o : — __&C.“.&_‘
| oaiz secvosmocesds St /2 /8
Bt 2 9L
227 Rl I 2l
Y055 REF, FILE M%

-
ADIVISION OF TEXAS UTILITIES ELECTRIC COMPANY




Ms. N. H. Williams
Page 2
November 1, 1984

We trust this will provide all of the information necessary for you to
complete this portion of the Phase 3 Assessment.

Please call if there are any questions.
Very truly yours,

TEXAS UTILITIES GENERATING COMPANY

7 <7 F7
" 3« B. George

-

ol ‘Vice-President/Projoct General Manager

JBG/LMP/JCF/RCI/gh

cc: D. Wade (TUGCO
J. Van Amerongen (EBASCO/TUGCO)
R. Iotti (EBASCO)
J. Finneran (TUGCO)
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ATTACHMENT 1

TUGCO ANSWERS TO CYGNA'S QUESTIONS
OF OETTER 84042.018, 10/1/84

CYGNA Question 2 (transcript page 27)
Re: Classification of Preload

TUGCO has classified the pipe stress due to preload as primary in the
first alternative and increased the allowable primary stress. In the
second alternative, TUGCO classifies only the membrane portion of the
preload stress as primary, and then neg.ects the bending (or membrane)
portion in the primary plus secondary evaluation. TUGCO's basis for
this is that the stress is non-cyclic in nature (Robert C. Iotti and

J. C. Finneran Affidavit Regarding Cinching of U-Bolts, pp. 47 and 67).
In the first alte ative, CYGNA does not find sufficient justification
for the use of 3Sy; for primary stress limits. In the second alterna-
tive, CYGNA does not find sufficient justification to neglect preload
as part of the secondary range. In effect, while loads such as dead-
weight or settlement are non-cyclic in nature, they are compared to

the appropriate Code allowables. CYGNA believes that the total stress,
due to all contributions at a point, should be considered in the evalua-
tion. Therefore, what is the effect of considering preload as a cyclic
load?

We are surprised that CYGNA still considers the issue of classification
of preload an open question, since no questions were asked at the con-
clusion of our stated position in this regard (see transcript page 29).
To further amplify the explanation provided during the meetings (trans-
cript at pp 27,28) we are providing below the results of a sample
fatigue analysis, conducted in accordance with Appendix XIII, Article
1153, Shakedown Analysis, for the 4-inch Sch 160 pipe.

The alternating stress, S is given by

ait’

8
alt - 55555

where Sn is the peak stress which equals 64,16 KSI when the effect
of preload is included, and Ke is the simplified elastic/plastic
damage factor, The latter is given by the equation

Ke = 1 + {(1-n)/n(m-1)] [(Sn/38m)-1]
vhere for the material in question, m=!.7, n«0.3, and 35m=50.52/ksi

Ke = 1.9
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The conditions which permit usage of the procedure above are all
satisfied. Namely

(a) The stress range excluding thermal bending stresses is within
3Sm. As previously discussed with CYGNA, this stress range is
approximately 35 ksi and hence within 3Sm,

(b) The temperature is well below 800°F.

(c) The material has a ratio of specified minimum yield strength
to specified minimum tensile strength of 0.8.

(d) The maximum allowable thermal stress condition of Appendix XIV,
Article 1410 is satisfied since in this instance y' = 175 ksi
for x = 0.16.

The alternating stress Sa is then equal to 60.95 ksi.

1t
For this alternating stress, the allowable number of cycles is ap-
proximately 8000 (see Code Figure 1-9).

CYGNA provides no indication of how many cycles of preload should

be cousidered, and we have already stated our position that preload
should not be considered a load that is cyclic in nature. In any case,
even if we consider that the 200 cycles, used in our Affidavit at p. 71,
are still applicable to the case with preload, the incremental usage
factor is

. _200
e = BODO

which again indicates that the integrity of the pressure boundary,
based on fatigue considerations, would not be significantly affected
by the localized U-Bolt effects, regardless of whether the preload
is considered as a cyclic or a non-cyclic load.

U = 0.025

Finally, we question the choice of words used by CYGNA in regard to
the first alternative chosen by Applicants to assess the acceptability
of stresses in the pipes.

We do not understaru what CYGNA intends when it states that "it doesn't
find sufficient justification for the use of 3Sm for primary stress
limits." Applicants have clearly stated that this is one of the
alternatives used in lieu of direct guidance by the Code and that the
use of a 3Sm limit is prompted both from inference from the Code (see
footnote 23 of Affidavit at p.54) and the fact that the preload stress
has some of the characteristics of a secondary stress, with a prepon-
derant portion of thestress being due to a bending component (Affi-
davit at 53). We do not understand what additional justification
CYGNA would want. Dr. Bjorkman himself has stated that he would
consider 3Sm to be the proper allowable for cinching alone and also
cinching plus thermal (Tr. at 12996). If CYGNA has justification for
not using 3Sm, then CYGNA should state such justification. Otherwise,
we are at a loss for replying to a question which we do not understand.



CYGNA Question 4 (transcript page 32)
Re: Use of 250°F for 10" Pipe

CYGNA has reviewed the thermal operating data for the RHR systems

and has found that the inlet and outlet to the RHR heat exchanger
can be at 350°F. This can occur under-normal (inlet) or upset
(outlet) conditions, both of which must be included in any analysis.

Please justify that the preload and stress levels due to a 350°F
insulated pipe are similar to a 250°F uninsulated pipe.

that the choice of 250°F for the 10-inch pipe temperature is a
compromise choice which bounds the majority of the systems in the
plant, and where used with an uninsulated U-bolt configuration is
also representative of the case where the pire temperature may be
350°F but the U-bolt configuration is insulaied.

|
|
\
The answer to this question is best provided by first restating ‘

Second it is important to point out that there is a single cinched-

up U-bolt which is used on the 10-inch portion of the RHR system.

This is support RH-1-024-007-S22R which is on line 10-RH-1-24-601-4-2,
which is connected to the outlet line of the RHR heat exchanger. The
maximum normal temperature seen by the line is 280°F during initiation

of RHR operation. Only under upset conditions, when component cooling water
may be lost, can the maximum temperature of this line reach 350°F,

There are no cinched-up U-bolts on the inlet side of the RHR heat
exchanger.

12ird it is germane to point out that the tests conducted on the
10-inch pipe specimens had a corresponding average temperature of
the U-bolt equal to approximately 150°F.

The 150°F is not necessarily the equilibrium temperature of the
U-bolt, but the temperature reached by the U-bolt during the thermal
cycle which required approximately 20 minutes to heat the pipe to
250°F. Finite difference thermal analyses indicate that depending

on the extent of contact of the pipe with the U-bolt and backing
plate ({herewould be contact for & cinched-up U-bolt) the average
temperature in the straight legs of the U-bolt may range from 175-
180°F for little or no contact to 225-230°F for well established con-
tact, when the U-bolt is uninsulated and the pipe wall temperature is
at 250°F, The U-bolt portion in contact with the pipe would be es-
sentially at 250°F. For a 350°F pipe with an insulated U-bolt con-
figuration the corresponding U-bolt average temperatures in the
straight legs would be about 310°F for the case of poor and good
contact. The curved portion would be at 350°F in either case. Re-
sults of the heat transfer analyses are shown as exhibits 1 through 4.

The effect of the temperature rise on the clamping forces acting on

the pipe and the U-bolt for the two cases of 250°F pipe, uninsulated
U-bolt and 350°F pipe, insulated U-bolt, can be estimated by comparing
the relative growth of the pipe to U-bolt for the two cases, neglecting
any deformation of the pipe. Since only relative growth is pertinent
here, the one-directional growth of the U-bolt due to thermal expan-
sion given as Y where

Y1 = ol ATL




where L is the projected length of the U-bolt which is given as 2R
and AT is the temperature differential between the average U-bolt
temperature and ambient (or a reference temperature), is compared to
the diametral growth of the pipe, Y2, which is given as

Yo = 084ATD

The worst case relative expansion will occur for the stainless steel
pipe and the carbon steel U-bolt. For the 10-inch pipe (10.750D),
coefficients of thermal expansions &, = 6.4 X 1076 in/in/OF at 180-
2309F or 6,65 X 10-® at 310-350°F and % = 9.4 X 1076 at 250°F or
9.53 X 10~® at 350°F and a reference ambient temperature of 70°F, the
relative expansion for the two cases considered, i.e., 2500F pipe
with bare U-bolt, and 350°F pipe with insulated U-bolt are as follows,
where Case a refers o the instance of good contact between the pipe,
the U-bolt and the backing plate (as would generally be the case for
cinched-up U-bolts) and .ase b refers to the instance of poor contact.

1. 250°F Case a: y = 0.00666 in. Case b: y = 0.00838 in.
2. 350°F Case a: y = 0.00920 Case b: y = 0.101 in.
3. 250°F Test: y = 0.012 Finite El. An. y = 0.0141%

(* Finite Element Analysis used 210°F)

As seen from the above, theoretical steadystate heat transfer analyses
would predict that the case of 350°F pipe expanding against an insulated
U-belt could result in a differential pipe expansion which would be ap-
proximately 30-40% larger than could be expected for a 250°F pipe with
uninsulated U-bolt. However, both the tests and the finite element
analyses have been conducted in a manner that would encompass the case
of 350°F, insulated U-bolt. As seen from the third row of relative
expansions, both the test (by having a maximum U-bolt temperature of
150°F) and the finite element analysis, which used1 a pipe temperature
of 210°F but maintained the U-bolt temperature at 70°F, would yield
relative expansions which are significantly larger.

Another point to be discussed, is that the test has provided informa-
tion on the transient thermal expansion differential between the pipe
and the U-bolt. As seen from a sample of the raw data which is at-
tached as Exhibit 5, the maximum temperature differential between the
pipe and the U-bol. occurred when the U-bolt had reached a represen-
tative temperature of about 100-105° while the pipe had been heated to
250-255°, a difference in temperature cf approximately 150°F, This
difference is well simulated in the finite element analysis where a
constant difference in temperature of 140°F. It should also be re-
membered that for these temperature differentials, the amount of 3
stress ca1sed by the thermal expansion is not very significant.

CYGNA Question 9 (transcript page 130)
Re: G&H Sample Size for Piping General Stresses

TUGCO has committed to provide data on the size of the Gibbs & Hill
sample (transcript page 130).



3. A. The sample size taken by Gibbs & Hill is given in Table 3 of our
Affidavit. That table includes all of the stress problems reviewed
by Gibbs & Hill to provide random information to judge the adequacy
and conservatism of Westinghouse's method of determining maximum
piping moment stresses in straight sections.

It must be born in mind that this was the only purpose of the Gibbs
& Hill review. The purpose was not to determine what the maximum
straight pipe stress is per pipe size.

4. Q. CYGNA Questions 6, 12, 18, and 19
Re: CYGNA Question 6

CYGNA has not received the A-36 steel stress relaxation graph and
published report on stress relaxation (transcript page 77) nor a

copy of TU/CO's answer to the NRC on this issue (transcript page

81). This information is necessary to complete our reviews.

A. The TUGCO's answer to the NRC on this issue has been submitted on
September 24, 1984 and a copy should have reached CYGNA. In any
case, we ar2 summarizing below the pertinent portions cf the an-
swer, i.e., that relating to the A-6 stress relaxation.

There is scant data available on strain relaxation properties of SA-
36 material. Some relevant data is reported in ASTM DS60 "Compilation
of Stress-Relaxation Data for Engineering Alloys," for material hav-
ing the same composition as SA-36 steel (note that this reference

does not mention the material designation). Unfortunately not much
data is available directly at the temperatures of interest, i.e., less
than 500°F although considerable information may be inferred from the
data at the higher temperatures as will be discussed later. In fact,
only materials 2 and 25 have data at room temperature. Material 2

has the proper chemical composition but its physical properties are
significantly different from those of A-36. Material 25 has physical
properties similar to A-36 but does not quite meet all



of the chemical specifications. Figure Al shows the stress

strain curve of material 25 at various temperatures within our
range of interes*, i.e. less than 500°F, This curve is used to
illustrate the meaning of material relaxation (as opposed to
overall mechanical relaxation which will be discussed later) for
monotonic loading, i.e. noncyclic. For the material to relax,
plastic strain is required. Ferritic steels like A-36 exhibit a
well defined proportional limit at which plastic strain begins.
The yield strengths of these materials are given at the 0.1% or
0.2% elastic strain offset (in general it is the latter, although
for material 25 the former is used). 1In figure Al the details of
the stress strain curve between the proportional limit and the
yield point are not shown. From that figure, if the material is
strained below the proportional limit no material relaxation will
occur. Strains in excess of the proportional limit will result
in relaxation, the amount of relaxation being proportional to the
amount of plastic strain (or volume of material that has
yielded). At room temperature the strain corresponding to the
proportional limit is about 0.075 percent, At that level of
initial strain, therefore, little or no relaxation should be
expected. Figure A4, developed using the information on Material
25 of ASTM DS60, shows that the relaxation is negligibhle. At
5320?, the strain corresponding to the proportional limit point
is 0.065 percent. Since the material 25 has been strained to
«075% relaxation should be expected. Moreover, the heating of

the material from room temperature to 532°F and the return to




room temperature coniributes to relaxation. How this happens is
explained by Figure A2, obtained via private communication with
M.J. Manjoine, one of the authors of ASTM DS60 and a recognized
authority in materials behavior. This figure is an expanded view
of a portion of Figure A3, also provided by M.J. Manjoine.

Figure A3 deduces the behavior of ferritic steels like A-36 at
the lower temperatures from the fact that the behavior exhibited
at the higher temperatures (above 700°F) for which the data is
available is the same as that exhibited for mild austenitic
steels which have data available at all temperatures. The
behavior of austenitic steels is shown in figure A7 which is
taken directly from reference 4 (333 p. 27). As figure A2 shows
a material which is strained to or above the proportional limit
will lose load at constant strain simply as a result of the lower
yield strength at temperature and the higher modulus of
elasticity a. room temperature than at temperature. Thus, if
material 25 had been strained to yield at 532°p, upon its return
to room temperature it could exhibit 35 percent of its initial
stress. This would occur upon return to room temperature
regardless of whether "material” relaxation occurs. If the
material is maintained at temperature, loaded for sufficient
time, material relaxation would also occur. This can lead to an
additional 15-20 percent loss of load. However, for the latter
time is needed to redistribute the load. Although we do not know

for a fact, it is fairly obvious that the material relaxation

characteristics of material 25 at 532°F must have been determined




at temperature, since as figure A4 indicates, there is some

twenty percent relaxation. Similar significant strain relaxation
should be expected at all temperatures for initial strains of
0.225 percent, and this is indeed the case.

If the applied load results in a stress below 1/2 of the
yield strength at temperature, the corresponding strains would be
well below those corresponding to the proportional limits, and
thus no relaxation should be expected.

So far only monotonic loads have been discussed. To
complete the discussion of material relaxation, it must bhe
pointed out that the stress strain curve for steels are different
between the cases of monotonic and cyclic loads. For the
monotonic loads discussed so far, the point at which mild
ferritic steel materials begins to yield is higher (by
approximately 15 percent - private communication with M.J.
Manjoine) than the point at which yielding will occur under
cyclic loads.

The difference is shown in Figure AS.

It is important that a distinction be made between "cyclic"
loads such as are experienced by the U-bolts, whereas the load
can be cycled from a low to a high level without stress reversal,
and "stress reversal" loads which are cyclic but for which the
load causes the stresses to be alternatively tensile and
compressive. The relaxation behavior for the two cases can be
vastly different. Figure A8 (reference 5) shows that stress

strain curve for ferritic steel under reversing constant



amplitude loads (reversing strain). Figure A9 (reference 6)
shows an idealized curve for the kind of mild steel which is
characteristic of both ferritic steels like A-36 and austenitic
steels like A-304. Figure AlO (reference 6) shows the static
(monotonic) stress strain curve and the cyclic (strain reversal)
curve for a material like A-36. The cyclic curve is the envelope
of the stress-strain curves exhibited during the cycling as shown
by the dashed line of figure A3. It is important to compare the
type of relaxation which one can experience under cyclic loadings
with no strain reversal to those which can be experienced for the
latter. To do so we will utilize Figure All, (provided by M.J.
Manjoine), which combines both types of loadings. In the case of
cyclic loading with no strain reversal, the second cycle will
have a proportional limit PL1 which is abou: 15 percent lower
than the monotonic proportional limit. However, if the cyclic is
one of relatively large strain revercal (i.e., strains near yield
here defined as .2% offset), then the proportional limit will be
much lower as indicated by point PL2 in the figure.

For strain reversal conditions, according to Mr. Manjoine
there is little difference between the stress strain curve of
ferritic steels like SA-36 and austenitic steels like SA-304.
Thus, the material relaxation properties of SA-36 can be inferred
for cyclic loads from those of SA-304 for which considerably more

data is available.



Figure A6, reproduced from ASTM-DS60 (reference 4) shows the
relaxation behavior of SA-304. It can be seen that for cyclic
loading with strain reversal there can be always some material
relaxation, but that for stresses helow 1/2¢ y, the amount of
relaxation is minor.

Material relaxation, however, is only one of the parameters
of interest in the overall relaxation of the U-bolt assembly.
Relaxation of the assembly preload can be dAue to a combination of
material relaxation and other mechanical relaxation phenomena
that may manifest themselves during the various loading cycles,
such as wear, local yielding with load redistribution, etec.

It is dAifficult to predict the amount of relaxation that
might occur as a result of wear or yielding of surface
irregularities. It is for that reason that the long term,
accelerated vibration test was conducted, i.e., to simulate the
number of cycles that the assembly would see during its entire
lifetime of operation. It is possible, however, to estimate the
amount of mechanical relaxation that takes place due to local
yielding, althouqgh it is impossible to tell how quickly it will
occur since the time required for load redistribution depends on
too many factors. Such overall estimates can proceed from a
knowledge of the stress state at each location of the assembly,
which permits an escimate of the volume of material that might be
at yield. This volume of material will relax over time,
redistributing load, and giving the appearance that the overall

assembly relaxes. It is germane to estimate what amount of



relaxation could occur when the shank of the U-bolt is stressed
to a maximum stress of 1/2 yield strength. At such loads there
are portions, however small, of the assembly which experience
higher stresses and can in fact be at yield. These regions are
shown in Figure Al2 as points A, B, C, D and E. Points A, B and
C yield at the outer fibers when the U-bolt is cinched up and
preloaded to relatively low value of loads as a result of
straightening the U-bolt legs. Yielding is, however, limited to
the outer fibers near and opposite the pipe, and the material
which yields occupies negligible volume.

For consistency with future discussion of Westinghouse test
data, we will use a yield strength of the material of the U-bolt
equal to 36,000 psi, even though actual material yield is about
45,000 psi. Test results obtained by strain gauges have all been
referred to the 36,000 nominal yield strength. When the stress
in the s'.ank is equal to 1/Z the yield strength in the U-bolt
shank area, for instance for the 10-inch assembly (refer to
Attachment 1 to the Affidavit) with the 3/4 inch U-bolt, the
corresponding load is 7,956 1lbs., thch gives a threaded area
stress in excess of 1/2 of yield, i.e., 23,820 psi. However, as
figure Al3 indicates, the nut engagement results in stress
concentration within the threaded area. Stress concentration can
raise the average stress above yield. Since we have two nuts, a
similar stress concentration profile will exist in the bolt
within the other nut because of the nut engagement to the first

one. For the 3/4-inch bolt, the nuts are S/8 inch thick with six



threads. Approximately half of the bolt volume within both nuts
will have stress concentration in excess of 1.5. Thus, a total
length of 5/8 inches will have stresses at or close to yield.

The same is true in the other leg of the U-bolt. Thus,
about 1.25 inches of material out of a total of 31 inches will
experience relaxation of the order 15 percent (relaxation from
yield stress - see figure A2) if at room temperature. The
remaining threaded area (approximately 5 inches) will experience
less relaxation since it is more lightly stressed. The amount of
relaxation that it can experience can be estimated using figure
2, suggested by M.J. Manjoine. This additional threaded material
would relax approximately 7.5 percent. Thus, one can approximate
the overall mechanical relaxation that would occur for loads

resulting in stresses in the shank of one-half yield as

5 (.075) + 1.25 (.15) = 1.7%, or very low relaxation.
P

Perhaps more relevant than theoretical calculations to the
question of when overall (material and mechanical) relaxation
ceases for the U-bolts, is the actual data taken Aduring the
various tests conducted by Applicants (see reference 1). One
such test is the thermal cycling test.

Results of the thermal cycling test on the 4" Sch 160
stainless steel specimen indicated that the stress in the U-bolt
was approximately 31,100 psi (or approximately 86.4% of the
assumed yield strength of 36,000 psi and essentially equal to the

cyclic yield strength). The total material would thus relax.



After nine cycles the residual stress was measured to be
approximately 19,900 psi or 55 percent of the assumed yield
strength. (Ambient temperature for pipe and U-bolt was
essentially the same before cycling (105°F) and just before the
10th cycle (107.5°F). The U-bolt was heated to an average
temperature of about 400°F (see page 16 of Attachment 3 to the
Affidavit). From Figure A2 one can deduce that the temperature
cycling would result in a relaxation of approximately 36 percent,
of which the initial 25 percent would be due to the temperature
cycling alone. The result of the thermal cycling test does in
fact confirm that the room temperature stress before the thermal
cycling, i.e., a nominal 31,100 psi, was reduced to 19,900 or a
36 percent reduction.

Another test which provides insight on the stress relaxation
is the creep test which was performed immediately after com-
pletion of tne thermal cycling test, without retorquing the
bolts.

For the 4-inch specimen the microstrain measured in the two
U-bolt legs at the ambient temperature bhefore the creep test
(77°F) were 856 and 775 microstrain for legs 1 and 2
respectively. (These microstrains correspond to a load of 4,870
and 4,409 1bs.) After the creep test with the ambient
temperature being 91.4°F, the strains were measured to be 853 and
773 microstrain, respectively. When one accounts for the fact
that a* 91.4° there is a preload induced by the difference in

thermal expansion between the stainless steel pipe and the carbon




steel U-bolt, and that had the ambient temperature returned to
77°F the preload would have been reduced by approximately 45
lbs., the final load at the completion of the creep test would be
approximately 4,580 lbs. compared to 4,639 (or 1.2 percent
decrease).

Since 4,580 1lbs. corresponds to a strees of 23,367 psi
(shank area), which is above 1/2 of the assumed yield strength of
36,000, this decrease, if real and not due to instrument
uncertainty, would be due to the strain relaxation. The question
of whether it may be due to creep is addressed in the answer to

the next question.

For the 10" Sch 40 line, where the temperature is low (pipe
250°F and U-bolt 150°F) creep is clearly not a concern. The
strains measure prior to the creep test (after the thermal
cycling test) were 283 and 280 microstrains respectively in legs
1 and 2 of the U-bolt (at an ambient temperature of 75.8°F). The
initial microstrains correspond to a load of 3,625 and 3,578 1lbs.
respectively. These loads correspond to a stress equal to 8,200
psi in the shank or 10,800 psi in the thread area of the U-bolt.
In either case the stresses are well below the 1/2 yield
strength, with the exception of highly local area in the thread
within the nut, and hence little, if any, relaxation should be
exhibited.

The strains after the creep test were measured to he 281 and
276 microstrains respectively corresponding to an average locad of

3, 567 lbs.



The drop in load of approximately 39 1lbs. ie partly due to
the lower environment temperatures after the test which was
66.9°F instead of 75.8°F.

The drop in load corresponding to the 9 degrees difference
is calculated to be approximately 11 1lbs. Thus, relaxation (if
any) was less than 0.8 percent.

The seismic test provides further evidence of the relaxation
phenomenon. Initial information provided from the test, which is
attached as Exhibit A3, indicated a reduction in load from 4,484
lbs. in both U-bolt legs to about 4,291 1lbs. and 4,355 lbs. in
legs 1 and 2 respectively, when the assembly was vibrated at 9 Hz
with a constant amplitude of 7,000 1bs. This relaxation of
approximately 12 percent could not be justified on the basis of
the applied load which would result, coupled with the initial
preload of 4,484 1lbs. (50 ft. 1b. torque) in maximum load
experienced by the U-bolt of approximately 6,100 1bs., and a
corresponding stress of 18,200 psi in the threaded area and
13,800 psi in the shank area. This led to questioning the
validity of the 7,000 1lb. load, and to the realization that the
actual applied vibratory load had been higher, and to the results
published in the Affidavit, which are included here as Exhibit
A4. As seen in the Exnibit, the actual load applied to the U-
bolt was in excess of 10,000 1lbs during the peak portion »f the
cycle and initially in excess of 8,600 1lbs. during the null
portion of the cycle. On the average the force seen b/ the U~

bolt during the cycling was in excess of 6,600 lbs. (peak load of



more than 8,600 1lbs. plus preloac of 4,484 1bs.) which would have

resulted in a stress in the thread area of about 19,800 1lbs.
which is 11 percent higher than the nominal 1/2 yield strength,
hence justifying the relaxation seen.

Finally, the data obtained during the long term accelerated
vibration test merits some attention.

As stated in our Affidavit, the initial preload stress was
equal to about 9,020 psi. After the initial reposition of the
assembly which occurred approximately 5.15 minutes into the test
(see attached raw data - Exhibit AS5), and which resulted .in an
average loss of preload equal to 640 1lbs, the preload was seen to
decrease slightly, then increase again then decrease with a final
preload being about 450 less than the preload existing after the
initial adjustment. During the period of time between the 4th
sweep (21 minutes) and the 36th sweep (189 minutes) there was
essentially no change in the preload. At the latter time is when
the sudden cocking mentioned in the Affidavit on p. 30 took
place, which resulted in some further preload decrease.

Relaxation of the material discussed within the context of
this reply does not change the total strain of the material.

{See definition in 2 of Exhibit A2.) The preload at the end of
the test is still sufficient to prevent loss of contact between
the pipe and backing plate (see figures 17 and 18 of Attachment 1
to the Affidavit with an applied load of 1,500 lbs. and a preload

of approximately 3,200 1lbs.), thus the motion which resulted in

further relaxation is most likely due to accumulated strain over




the more than 106 cycles experienced at an applied load of 1,500
lbs. These cycles represent the number that the support may
experience during its lifetime, and hence the test results
confirm that in spite of some relaxation, adequate preload would
be retained throughout life.

Cyclic plastic strain accumulation may occur at these loads,
which are abnormally high for the period of time tested. An
elasto plastic finite element analyses of a similar U-bolt,
backing plate, pipe arrangement, conducted per an 8-inch pipe
(same size U-bolt as the 10" pipe, indicates that for
sufficiently high preload, the "'-bolt can experience some
plasticity in the tranesition region between the straight shank
and the curved portion and at the inner surface of the U-bolt
apex. This occurs from the bending moment place on the U-bolt
from the straightening action of the preload or full externa)
load. This small amount of plasticity occurs even *though the
Average stresses through the U-bolt cross section is low, and in
fact, for the particular case examined are only 2,000 psi. Under
the large number of cycles seen by the specimen the accumulated
plastic strain can result in sufficient permanent deformation to
permit relaxation. Also, wear and yielding of surface

imperfections can accomplish the same thing.
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5.

Q.

A.

Re: CYGNA Questions 12 and 19

Please provide U-bolt torque values *that will be used in the field
for all pipe sizes and the corresponding lower bound preload level
expected as discussed on transcript pages 123 and 94, respectively.
Also, please provide preload versus torque data scatter and lower
bound curves to be used (transcript page 100).

The U-bolt torque values that will be used in the field has not been
established yet for all pipe sizes and will be made available as

soon as the information is finalized. However, the methodology that
is employed in arriving at such values is provided herein, and is
aprlied as an example to the values reported in our affidavit, so that
CYGNA will be able to understand how all values are derived. The
important thing to recognize is that we will determine the minimum
preload level to be applied to the various pipe sizes and schedules.
The torque to be applied is then derived from knowledge of the "mini-
mum' preload necessary and the test data of preload versus torque.

The data scatter obtained from all the tests where preload versus
torque was measured is given in Exhibits 5.1 through 5.4 for the four
specimens tested. Also shown in those exhibits are dashed lines
which have been used to derive the linear relationship between pre-
load and torque for each pipe size. It is to be noted that the cor-
relations derivea for each pipe size tested represent the condition
whereby the lowest preload is achieved for the highest applied torque
in the range of interest for rach pipe size. The correlation is the
usual

? = KTD

where 7 is the torque in ft.-lb., T is the preload in 1lbs., D is the
U-bolt diameter and K is a coefficient derived from test. For the
four specimens tested, the coefficients, K, that would result in the
lowest preload for a given torque are as follows

SPECIMEN K

4" Sch 160 0.288
10" Sch 40 0.353
10" Sch 80 0.276
32" MS 0.403

Obviously average coefficient would be less and would vary between
0.25 and 0.35 as stated in our affidavit. To ensure that the minimum
required preload is achieved in the field, the highest value of the
coefficient is used regardless of pipe size, i.e., K=0.040.

To arrive at the torque value, the following examples derived for the

4" Sch 160 and 10" Sch 40 pipes will serve as illustration. From the
answer to the next question, the minimum value of preload necessary to
maintain "stability" for the 4" Sch 160 assembly is 0.37 kips. With

an average value of K (used in finite element analyses of the Affidavit)
the torque value corresponding to this preload would be 5 ft.-1bs. With
the maximum K value the torque is 6.16 ft.-1lbs. Considering that the
specimen is subject to thermal cycling and possible relaxation, a 40%
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6.

margin is added to account for it, leading to a torque of about 9 ft.-
1b. required for stability.

The total load experienced by the U-bolt with a torque level of 9 ftr.-
1b., coupled with a peak thermal expansion and peak pressure expansion
load is approximately 4000 lbs. (see Table 1I-1 of Attachment 3 of Af-
fidavit). For this load the stress in the U-bolt threaded area would
be 28,200 psi, which is approximately 78% of the minimum yield strength
at room temperature. With thermal cycling at this level of stress, a
stress relaxation of between 30 and 40 percent may be possible (see
figure A2 of preceding Question 4).

In the affidavit a value of 25 ft.-1b. was chosen as a compromise be-
tween the 9 ft.-1b. and 35 ft.-1b. which tests showed resulted in good
contouring of the U-bolt around the pipe (see Affidavit at 74).

For the 10" Sch 40 pipe, as another example, tihe minimum required
preload is computed to be 1.4 kips, which leads to a torque of 35 ft.-
1b.

Little or no relaxation would be expected in such specimen for such
relatively low torque. Nevertheless, if one were to consider a 30%
relaxation, then the minimum applied torque would be less than 50 ft.-
1b. Note that a preload of 50 ft.-1b. (equal to a tension of 2000 1bs.),
plus thermal and pressure expansion loads equal to 1600 lbs., and an
external 10,000 pull load, the total tension with U-bolt would be 5800
1bs., which produce a stress of 17350 psi, which is less than b of

yield. Thus no significant relaxation should be expected.

Re: CYCNA Question 18

What is the minimum level of preload required to maintain stability
for the anticipated worst loading condition for stability (i.e., pre-
load plus push at 59)? This question does not appear to have been
answered by the finite element analysis (transcript page 122). Speci-
fically, the first objective on page 1 of the finite element analysis
has not been safisfactorily addressed. The fact that "adequate fric-
tional forces exist" requires a judgment based upon what are known

to be the necessary frictional forces for stability under the anti-
cipated worst loading condition for stability. Since the necessary
frictional forces for stability under this loading condition have not
been determined, it is not possible to know if an adequate margin
exists between the minimum expected preload in the field nad the pre-
load level necessary to maintain stability,

Without knowing the minimum preload required to maintain stability
with a push load at 59, a judgment as to what constitutes adequate
preload cannot be made. Maintaining a tensile load in the U-bolt legs
does not guarantee stability.

To respond to the question:
"What is the minimum level of preload required to

maintain stability for the anticipated worst loading
condition for stability (i.e., preload plus push at 59)?"

requires a two-part answer. The first, related to the finite element




analysis performed, and the second, pertaining to piping systems that
have lower normal operating temperatures and pressures than evaluated
in the finite studies.

Part one, the finite element analyses adequately addresses the first
objective of the U-bolt testing and analytical program. This objective
being to determine if;

"adequate frictional forces exist at the pipe/pipe
support interface to balance a moment created when
the U-bolt legs are not parallel to the strut so

that the U-bolt strut assembly support is stable."

The analysis program addressed the stability of four specific U-bolt
pipe support systems assuming that the SSE seismic push force occurs
at the system normal operating temperature and pressure conditions.
Stable solutions are summarized in the finite element analysis report
for minimum and maximum preload torque values. The minimum preload
torque values given are not the actual lower-~bound minimum values

for stability but the lowest preload evaluated in the analytical
study. The actual lower-bound minimum torque value required for
stability could be much smaller.

The second part, to assure stability for a push force, it is necessary
to maintain a difference in U-bolt leg forces, this differe  ~e pro-
duces a couple which balances the induced moment due to the 5 degree
push force, This difference in U-~bolt leg forces will result from a
small amount of cross piece "rolling" on the pipe. If the U-bolt were
a cable, no shear or moment capacity, the U-bolt leg tensile forces
would have to be large enough to create fricitional forces between the
pipe and U-bolt to maintain moment equilibrium. Since the U-bolt

has shear and moment capabilities, the U-bolt leg tensions can be

less than required for a cable.

The effect of reducing the pipe system temperature and pressure is to
reduce the total preload. The reduced preload will result in lower
frictional force resistance capacity. Although the finite element
analysis did not explicitly determine the absolute minimum U-bolt

leg tension required for stability, they do show that the minimum
U-bolt leg tension for the stability approaches zero. It is necessary
that the U-bolt leg forces be tensile (greater than or equal to zero)
to ensure that the U-bolt legs will be active and resist the applied
seismic strut loads.

With one exception, the finite element analysis results are used to
project minimum preload tension and torque values that ensure stability
for the PRELOAD + PUSH (@5°). The exception is the 10" Sch 40 S& speci-
mens for which test data is directly available on preload reduct:on as
function of externally applied push load (see figure 18 of Attachment 1
to the Affidavit)., The projected values are given in Tables 1 to 4. As
seen from these tables, the recommended torque values given in the tes-
timony are equal to or higher than these minimum perload values cxcept
for the 32 inch U-bolt., Very large U-bolt leg tensions result from
temperature and pressure in the 32 inch pipe/U~bolt system. Since the
temperature and pressure preload effects are not present in the 32 inch
pipe/U-bolt assembly, an additional preload torque is required for this
pipe/U~bolt assembly. Therefore, for the 31 inch pipe, and similar
pipe/U-bolt assemblies, care must be taken before assigning a torque




'1; Teble !
4" Schedule 160

§

Tension 72
(kips)
1. Leg force needed to 0.0 J2
provide resistance couple
2. Amount of unloading due 37 .25
to push
3. Total preload necessary 37 37
(Sum 1+2)

37
Minimum Preload Moment = -;-;; X 60 FT«LB = 5 FT-LB

Note: This table is based on results given in Table II.1 of Attachment 3
to "Applicants' Summery Disposition of CASE's Allegations Regarding
Cinching Down of U=-Bolts"



T Teble 2 '6
A 10" Schedule 40

Y G

Tension 'ra
(kips)
1. Leg force needed to 0.0 35
provide resistance couple
2. Amount of unloading due 2.79 1.05
to push
3. Total prelosd necessary .79 led
(Sum 1+42)

Minimum Prelosd Moment =°.(0.4)(0.75) 1400/12 = 35 fe.lbs.*

Note: This teble is based on results given in rigure 18 oOf Attachment |
to "Applicants' Summary Disposition of 's Allegations Regarding
Cinching Down of U-Bolts"

It is important to note that this particular torque had been applied to the 10"
Sch 40 SS assembly subjected to a 2% minute accelerated vibration test with a
sinusoidal force input of 1000 1b, peak to peak, and the assembly was noted to
experience no motion (see Affidavit at 29). The assembly had rotated and walked
where the torque was only 20 ft.~1b, Hence, there is confirmation of the sta-
bility of the assembly at the 35 ft.-1b. torque., For this test neither nressure
nor temperature were present in the assembly.



1: Table 3
A 10" Schseduls 80"

)’--.\

1. Leg force needed to 0.0
provide resistance couple

2. Amount of unloading due 1.5
to push

3. Total preload necessary 1.5
(Sum 142)

Tension Tz
(kips)

A3
1.51

1.5

Minimum Prelosd Moment & =—<oee X 100 FT=LB s 20 FTL3

7.5

Note: This table is based on results given in Table I1I-3 of Attachment 3
to "Applicants' Summary Disposition of CASE's Allegations Regarding

Cinching Down of U-Bolts"




Tension 72

(kips)
1. Leg force needed to 0.0 8.1
provide resistance couple
2. Amount of unloading due 29.0 20.9
to push
3. Total preload necessary 29.0 29.0
(Sum 1+2)
29.0

Minimum Preload Moment s =eeees X 380 FT<LB s 1525 FT-LB

Note: This table is based on results given in Table Il-4 of Attachment 3
to "Applicants' Summary Disposition of CASE's Allegations Regarding
Cinching Down of U-Boltu"



value, to examine the normal operating temperature and pressure
conditions of the pipe and their effects on preload.

A further note needs to be added to the minimum preload required

for the main steam line (32" MS). We do not consider it appropriate
to determine the minimum required preload for this line in the ab-
sence of pressure and temperature. This would only occur when the
line is not functioning.

Under such condition, the line fulfills no safety function related
to maintaining the plant in a cold shutdown condition. Further
analyses conducted on the portion of the main steam line which has
the cinched-up U-bolts, in the absence of these supports, indicate
that no adverse consequences would result. For this reason Appli-
cants have elected to retain 240 ft.~lb. torque as the minimum re-
quired for stability.

Re: CYCNA Questions 6, 12 and 18

Given that lower bound values of preload versus torque are to be
provided in the field, how will these lower bound values be reduced
to account for observed reductions in preload which occurred during
the testing program (thermal cycling, vibration testing, etc.)? Also,
what values of "necessary preload for stability" will these reduced
vaiues be compared to determine the margin against instability?

The manner in which the lower bound value of preload are "augmented"
to account for relaxation phenomena that may occur, so that a cor-
respondingly higher torque would be used in the field has been des-
eribed in our prior answer,
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CYGNA QUESTION

Cygna has reviewed TUGCO's calculations for MS-1-002-005-S72R (done

in response to the 10/4/84 telecon between Cygna and TUGCO). Cygna
has found the calculations correct. Cygna requested TUGCO to provide
documentation showing the AWS calculation is an appropriate method for
evaluating this type of local stress.

TUGCO'S Response

We have attached a copy of the paper "Basics for Tubular Joint Design”

by P.W. Marshall and A.A. Toprac. Their paper presents the background
data for the local failure design criteria in ANS. Although that criteria
is expressed in temms of punching shear, it also includes considerations
of flange width to thickness ratio, branch member to main member ratio,
and axial and bending stresses in the main member. Thus, as the paper
makes clear, it is really a total joint design approach, not just punching
shear. CYGNA should note on the third page of the paper that the authors
state that for a ¥ less than 7, the joint may be said to have a 100%
punching shear efficiency. On page 5 of the paper, ¥ for tube steel is
defined as b/t where b = half the width of the tube steel shape minus

the thickness t. For MS-1-002-005-S72R, ¥ eouals (4 - .5)/(.5 + .72) = 2.8.




Basis for Tubular Jolht Design

Design criteria of the codes that govern construction of
i offshore drilling platforms are analyzed and evaluated

BYP.W. MARSHALLAND A, A. TOPRAC

A
0‘ o
)

Introduction Static Strength ularly where complete joint penetre-
) tion groove welds (as defined for
. Recently published codes (Refs.  Birple snd Punching §hear Joints bul res (Ref. 2) are used
\g 1.2) Include criteria for the design gt ot e -
T - " Currently the most popular style of  the ends of the branch me.-bers,
W WMIM d W connec A"m “ oh. ¢a~pe'e trens
» tions for circular tubes, which have  Welded connection for Intersecting though ¢ ITPHe  Sires
. Doen in use for @ number of years In  CIrcular tubes »e used in Laez off.  PIEIT8 '8 Tuch MErE Surdan e
D, offshore ‘"mm platforms. The shore structures is the “simple” joint concept of puncning seet, Fig. 1, Res
purpose of thia paper Is 10 document  !llustrated in Fig. 1. The wbuler mem.  been quite useful in correlating test
: the background dats underlying these bers are simply welded together, and data and formulating design criteria,
% criterla, in terms of static and fatigue 8V load is transferred from one The eversge (or neminel) punshing
* srength. branch 10 the other via the chord,  Shear stress, v, , acling on (he poten-
! without any help from stifening rings U8l fallure surface s calculated as:
X or gusset plates. To prevent exces- -
A sively high localized stresses In the Vet ¥ bl § _'.!. m
% chord, @ short length of heavier . ke
- section (Joint can) is often used In the
$ connection srea. In such cases, the
\ problem of |oint design reduces to
that of sizing the joint can, partic:
s ()
: 404100
& . et =l
“we080
'l‘(
r " - 'MM
P W MARSHALL s Statt Civil £ngineer, |/
Offshore Construction Sheil 0il Com. "
peny, New Orisans, Lo A A TOPRAC In
{ Professor of Civil Engineering, The Univer-
sty of Texas ot Avatin
Paper 18 based on 8 survey sponsored by e

the WARC Subcommities on Weided Tuby-
lor St vetwen
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Table 1 — Closed Ring and Kallogg Solutions for Punching Shesr

ond Line Losd Capecities

Case Closed ring Kellogg
F ﬂﬂ) F,
Punching shear cepacity .,.+| ,,,{m
Totsl joim capecity Yxlengthx i) 1! Y x perimeter

proportionsl 10

where 7 = 1,/t = ratio of branch
thickness to chord thickness,

# » angle between member axes
(see Fig. 2),

fo and fy * noming! axisl and Lending
stresses in branch, respectively.

It is to be noted that only the compo-
nent of the branch member load
which s perpendicular 1o the main
member (chord) wall is considered be-
cause (his component is responsible
for most of the localized stresses. The
terms K, and k, relate to the length
and saction modulus, respectivaly, of
the tube-to-tube Intersection, which
I8 kind of » saddle-shaped oval (Ref,
3). Specifically the terms represent
the ratio of the true perimeter (or sec:
tion modulus) to that of the circuler
brace; they are plotted in Fig. 3, ss #
function of # (defined sbove) and 8,
where

Ry
B * = = brace to chord diameter (or
radius) ratio

To specity design sllowable vaiues for
the punching shear stress theoraticsl
and sxperimental considerations are
discussed below.

Theoretical Approach. Solutions for
elastic strasses In cyl. Jrical shells
subjected 1o localized line loads are
svailable for the very simple load
cases shown in Fig. 4. The closed ring
solution and Kellogg formulas (Ref. 4)
Iindicate punching shear and line load
capacities as shown in Table 1.

Note that punching sheasr capacity is
aefined in relation to the very impor-
_tant nondimensional perameter ¥
‘where

L‘r = R/t » chord thinness ratio,
radius/thickness

This Is analogous to the span to depth
ratio of & strip beam, for which
simiiar relationahips may be derived
(see Fig. 4).

These two relatively crude physical
models might be expected to bracket
the behavior of siraple tubuler joints,
since the branch member loads the
chord along 8 combination of longi-
tudinal and circumferential lines.
Unfortunately they yleld divergent
results and tend to Indicate disturb.
ingly high stresses in practical design
situstions. Mowever, they both do
reflect the strong dependence of totsl
joint capacity on chord thickness and
branch member perimeter. The addi.

-

tional effect of diameter ratio, qp), s
indicated by Roark, was considered
paradoxical in that test data with
tubular connections did not show the
same monotonic increase (n joint oM.
siency ss deoicied in Fig 4, Infact, T-
joint tests cited by Toprac (Ref. 4)
showed joint efficiency (in terms of
the ratio olshot spot stress 10 punch.
ing shear) passing through a min- .
imum in the midrange of diameter
ratios.

A sophisticated analytical solution
(Ref. §) yields the more reaslistic pic-
ture presanted in Fig. 5. These results
are consistent with thoss obtained
experimentally and with finite ele
ment analyses (Ref. 8), Insofer as
stress levels in the chord and losd
wansfer across the weid (Q) are con-
cernad. For this joint, the stress con-
centration factor is 7.3, and the cal-
culated average punching shear
siress, vy At which first yield at the
hot spot occurs (Fy, = 38 ksi) is only
2.5 ksi. Comparable punching shesrs
for Roark and Kellogg would be 2.2
ksi and 3 4 ksl respectively.

Figure 8 summarizes the results of
8 parameter study made with com-
puter programa based on Re! 6. The
punching shear stress, v,, at which
yiald stress is predicted for axially
loaded T-connections, |s presented as
8 function of chord thinness ratio, ¥ ,
and brace/chord diameter ratio, # .
As was previoutly noted ex.
perimentally, joint efficiercy (in
terms of punching shear at yieid)
passes through & miminum for &
diameter ratio in the range of 0.4 1o
0 7. Throughout this renge, punching
shear elficiency is more or less Inde-
pendent of diameter ratio, but varies
inversely with the O 7 powaer of chord
thinness ratio ¥

Correspondingly, the overasll capa-
city of the connection would be pro-
portional to the product of brace
perimeter (or intersection length) and
1"+, where { is chord thickness — 8
result which I8 surprisingly consis:
tent with the oversimplified ap-
proaches considered earlier.

Howaever, the use of first yield as »
lﬂm;ﬁiidng:mwc
theories seriously underpredict the
available aialic sirangth_of practical
tubular connections. For example, 8
mild steel acale model of the connec:
tion in Fig 5 actually carried the losd
shown (appropristely scaled down)
Naturally, 8 hot spot stress of 180 kel
for mild sieel (s unreslistic and the
material s beyond yield, and sub-
jected 10 straing in excess of 5300 M
in.Zin. Under these circumstances, it
Qmo_u"lhﬂtrpo_@ncnl elantic anal-
yses will be of limited use A TormUTa -
ing Dractical design criieria 1oF BIBTTE
of quasi-stafic T6adTAG conditions
“Empirice UTer joints
have & tramandous reserve capacity
beyond the point of first yield (Ref. 7),

WELDING RESEARCH SUPPLEMENT| 193




£

sted

in Fig. 7. # a section

the chord at its Intersection
brace is considered for small
elastic range, the distribu-
circumierential stresses on
surface are shown as

in the figure. Beyond yield,

|

ar

o

connection deforms (Stage 2)
spplied load continues to

'?IMW. at M_LL%‘.‘!

ure as shown
tension loads or by localized collapse
of the chord for compression losds
(Stage 3).

The average punching shear stress
st failure®, vy, has been plotted in Fig,
8 relative to specified minimum yield
strength, K, and as a function of
chord thinness ratio,Y; 38 static tests
which failed in the punching shear
mode are represented, along with
two specimens which failed after
only & few cycles of fatigue loading.
The solid circles represent K.joints;
the rest are T and cross joints. Data
are from Toprac (Refs. 4, 7) and other
sources (Refs. 8 9).

For relatively stocky chord mem.
bers — thickness grester than 7% of
diameter or Y less than 7 — the joints
may be said to have a 100% punching
shear efficiency, in the sense that the
shear strangth of the material is fully
mobilized on the potential failure sur-
face. This criterion is met by ASTM A.
§3 standard weight pipe under 2 in.

|”§'§
383

Fig 6 — Parameter study

diam, by extra strong pipe under 5 in.
diam, and by double extra strong pipe
through 12 in. diam.

Larger and/or thinner chords
should be treated on the Dasis of a
reduced punching shear capacity as
given by the curve inFig. 8 and

" (2)0.
Ultimatev, « T
Allowsblev, s —F2 5,
09x7y"

Here, the design allowsble punching
sheer stress incorporates & salety
factor of 1.8 with respect to the
empirical curve for ultimate punching
shear. Its intended range of applica-
tion Is for the mid-range of diameter
ratios for which v, is more or less
independent of 8 :

Since the proposed empirical
design curve makes use of the post-
yield reserve strength of simple
tubular connections, it will be instruc-
tive to review the sources of this extra
capacity. These are:

}.Tho difference between elastic
and plastic bending strength (locsl-
ized) of the cylindrical shell, a
factor of 1.5,

* Fodlure wes delined as flirst creck for
tension losds. This would functionslly
mpaw the joint for subsequent latigue
servce

/

**The witimate sirength crierra developed by Reber (Rel §)reduces 1o

Uhimeta v, *11f)

F

08585« y*"

All sample I. Y ane K connections se tested on & commen basis. Alhough X connecir ns
have lower slastic strasses than ihe corresponding I and Y connections. they sl o heve
less reserve strengith. so ihat the ultimate capacities come ot srvier The chiel diff wence
barween Reber's resuns and squation (2] 13 in the degree of conservatism with respect 10
the scatter band shown by (he lest results Reber provetes # pood sverage /1t whereas the
curve for equation (2 lelis on the sate side of most of the deta Reder's 113] shows reistive-
Iy int's iniivence of dameter ratio: i e, lgi=g~
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“2. Restraint 1o plastic flow caused by
triaxial stresses at the hot spot, »
factor of 1.8 for the situation of
Fig. 5.

V3. Strain hardening — for the mild
steels represented in the test data,
the ultimate tensile strength
(which is st least locally utilized
whan & joint fails by separation of
the material) is greater than the
specified minimum yield strength,
F, . (which is used for the empirical
correlation and design formula) by
fectors from 1.8 1o 2.4, Corres-
pondingly, it is suggested that F,
used in calculating the allowable
v, should not exceed two-thirds
(2/3) the tensile strength,

4. Further increases in capacity re-
sult from the redistribution of load,
which occurs as the connection
ylelds and aspprosches its limit
load. If the cylindrical shell is vis-
valized as 8 network of rings and
stringers, the sequance of events
may occur as illustrated in Fig. 9.

Plastic _behavior, iriaxial _stresses.
load redistribution

sirain m, 4
Mmmmphw

extraording m‘d&.?'
m?h%ﬂ material. Soma .
Fed yielding will 6ccur M design load
levels. These considerations should
be kept in mind when selecting stuels
for tubular structures (Ref. 8).

Further Refinements

By and large, design codes repre-
sent a consensus of engineering prac-
tices in & particular fisld. There was »
general fesling that, while the data of
Fig. 8 (as replotted in terms of 8 in Fig,
10) did not justify taking diameter
ratio [ into sccount, axperience indi-
cated a beneficial effect as the diam-
oter ratio approaches unity, as indi-
cated by the heavy dashed line in Fig.
10,

Square Tubes. Consderable insight
imo the effect of § on the ultimate
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Fig 7 — Reserve strength of & tubular connection

where A and Y #re defined in »
MAnAer Bne'0g0us (0 (he uBage for
Circuinr tudes.

The second term on the right of
esquation (3) s quite similer 10 the
empirical punching shear, equation
(2} only the exponent of ¥ s differ-
v r ont. The leading term corresponds to
pe r.;,'n the 4 effect and has the foliowing
. properties.

o 1. Minimum value of 1.0, which
L o occurs at S+ 0.8,
J 2. Incressing punching shear effi.

clency at larger and smaller 8 -
T 5

MATERAL Lm(T

" . ',/ﬁ g
L UWTIMATE PUNCHING SHEAR

4 A o A A

20 30 40 %0 60
R/t sy CHORD THINMESS RATIO

ratios; this ls comparable 10 the
theoretical resuits for circular T
joints, Fig. 8.

3. Where S approaches its limits (O
and 1.0), punching shear s limited
by the shear strangth of the mate.
risl (or by other considerations
such as web cripoling).

Test data (Ref, 10) for the specific
case of 5 » 5 x 0,187 chord are also
plotted in Fig. 11, Failur® was defined
as when |oint deformmtion reached
3% of chord width. The strength in-
crease for [ -ratios over 0.5 sppears
to be confirmed, with the test data
showing strengths ranging from 1.8
to 1.8 times the computed “upper
bound” limit load. This reserve
strength undoubtedly comes from
some of the same sources discussed
above for circular tube connections.

For 8 -ratios under 0.5, however,
the test data show squation (3) to be
increasingly less conservative as S
decresses. The dutied line (Fig. 11)
represants 8 punching shear criteria
which is independent of the A -ratio,

bl

Fig. 8 — Empwical design curve — static sirength

Fig 9 — Load redistribution First yielding occurs 8t hot spot A. Cross hatched yield line is  Q1ven by
ansiogous to plastic hinge in & continvous frame. Full strength of ring AB is resched when F, for f< 0.6
yrekding #iso occurs o1 8. alter consxdersbie angie change ai hot spot Ring AB continves to Vo = ° 2 (30

detorm af constent load while rest of joint catches up, resulting in more uniform losd dis- 0sY
tribution. Lamit load of joint i3 resched when ring CO end stringer CE size yrekd Deformed

00000 18 indis 108 by Goshed hnee Note that this streight sloping line

goes through the origiry total joimt
capacity goes 10 1er0 as the brace

punching shear capacity of tubuler
connections was ganed from consid-
erstion of & limit analysis of square
tubes Using the yield line pattern of
Fig. 11 and the upper bound theorem

of plastic design, the ultimate punch-
ing shear stress v, is obtained as:

als 025 \ F,
" ROB) | 0ser'® 3

L=V

perimeter and A -ratio slso approsch
woro. The combination of equations
(3) and (3a) results in criteria with
more or less consistent safety factors

throughout the range of 8.
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A simplified limit analysis of cross
joints with circuler tubes has been re-
ported (Ref. 11), which amploys the

physical model of Fig. 12 to derive an
- L expression for theoretical ultimate
strength which can be reduced 1o the

7"!' ok
; . 8
N . 1 5 L 4
“OETB  osy  arA

Whaen the effective length B, |s tekan
#9 oqual to the chord circumference,
the last term becomes unity, and
equation (4) becomes identical with
squation (3), with & term for the basic
variation of v, with F, and ¥ , mod-
YIELD  ified by a terrr expressing the £ -
LINES  offect
Test data were used to justify an
empirical modification of the expres-
slon for uitimate punching shear,
leading to the results plotted In Fig.
12.and

03 _ _°
8(108338) 0304y

In this expression the term for 8 .

efect has the lollowing properties

and implications:

1. Avalueof 1.0for S=08

2. Increasing joint  efficlency for
larger 3 -ratios, up to 8 limiting In-
creaseof 1.8-foldfor8+ 1.0,

Note that for the mid-range of diam.
oter ratios (Gfrom 0.28 1o 0.78) the
assumption of constant punching
shear alsoprovides » ressonatle fi1 12
theratsol F.g 12 0 0ine win setiliae
rey s For wury small [Jornine, hare

vy (4a)

8 iftle wyprunrmant,! justtoreoun Y
4 he le*Le NCleeses i juint @' Ciengy
4 predicied by 1ne 4 -moditier In equa-
tion (4a). Accordingly, it has been rec.
ommaended that a8 modifier of unity be
used for values of Jless than 0.8, This
s consistent with the results for
square tubes, and sppears 10 be con-
servative with respect 1o theoretical
results (Fig. 8).

Proposed J-EMeet

Applying the modifier, Q 4, for the
effects of dlamaeter ratig, 1o the punch-
ing shear ::iigria of seustions pro-
posed eerlier (equations (2) and (2a)

$

NORMAL ITED FAILURE LOAD
Pmax /Fy 2

one obtaing:
Fy
[ +]3 L Ultimate V,* Q s o—..—m (6)
” CONSTANT yp FOR Fy

Allowablse Vv s Q

028sfsors ‘09 nyo?
where
o A ' A v
() 02 04 08 08 0
DIAMETER RATIO 8 Q.8 23 lor>08

-
Fig 12 < Japenese resuls — cross joimis £ (1.0.8334)
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and Q,*1.0 frf<08

These criteria, Including Qg sre plot-
ted as the heavy dashed line in Fig.
10.

Interaction EMeots

Jepanese deta (Ref. 11), showing
the extent to which axial load in the
chord member reduces its capacity to
carry punching sheasr, are plotted in
Fig. 13. The proposed modifier Q, for

|y interaction effects would be used in
design as follows:
CHORD
& Allowable v, » (8)
°l -O.. F' -
0 9 o7e?

where Q,*1.22-05 U'ter U >0 4a

TRE—— CHORD UTILIZATION RATIO

Ve v

y
Fig 13— Imteraction effects of stress in chord

NEGATIVE ECCENTRIQTY

byttt m——l e —

TENSON  And |[U|= chord utilization ratio et the
connection.

ZERO ECCENTRICITY POSITIVE ECCENTRICITY

HEAR ON 9"
VFRT. WELD
- 'u W LEG

COMPARISON OF JOINT EFFICIENCIES
JEST RESULIS
TYPE OF BASED ON BASED ON
JOINT NOM. YIELD ULTIMATE
ISTXIN 6984 235% N 6% ¢ |

gggg‘,ﬁm, 4% 54%
ECCENTRICITY 62% 2%
ggg:;',‘ﬁcm 86 % 108 %

Fig 14 « Jonts of verious eccenizicnios
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Fig 18 — Components of resistance for
oveciapping joimts

In design |U| would be taken as the
AISC retio for the chord #t the tubular
CONNeCtion (wii™ re’pect to Criteris
Dasad on yieid), Equation (€) Includes
safety factors and corresponds to a
symmetrical fallure envelope, as
shown by the solld line (Fig. 13)
Whare heavy wall joint cans are used
ot tubuler connections, the utllizetion
ratio will often be less than 0.44 for
the joint can, corresponding to no
redUctfons due to Interaction. For
highly stressed K anc X joints’
without joint cans, but with equal di-
amaters, the Incresse In joint effic.
lency over equation (2a) will be
limited 10 about 30%. when both Q4
and Q, are considered.

Overlapping Joints

In overlapping joints, the braces
Intersact sach other as well as the
chord, and part of the load Is trame.

ferred directly from one brace to an-
other through their common weid,
One advantage of such joints is that,
since the chord no longer must trans-
for the entire load, its thickness cen
be reduced and “joint cans” elim-.
inated. The amount of overlap can be
controlied by adjusting the eccentric-
ity of brace centerlines, as Indicated
In Fig. 14. Negative eccentricity (Ref,
12) can be used to incresse the
amount of overlap and the static losd
transfer capacitv of the connection.

A crude ultimate strength analysic
is proposed (see Fig. 151, in which the
punching shear capacity for that por-
tion of the brace reaching the main
member and the membrane shear
capacity of the common weld be-
tween braces are assumed to act
simultanecusly. Thus, the total capas-
city of the connection for trans'erring
1063y perpendicL'sr 10 1Ne chord De-
co™es

’.‘ﬂ' .V.|"‘2V.'-" ‘7’

where

v,* aliowable punching shear
siress equation (8) for the
main membaer

t = main member wall thick.
ness

circumierential length for
that portion of the brace
which contacts the main
member

and

v, * dlowable shear stress for

the common weld between

1,000

AL IAAAA

aalasaal
STRAM

1
~
8
€yn TOTAL

CYCLES OF LOAD
Fig 16 — Famuly of latigue design curves (see Tabie 1)
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the braces*

throat thickness for the
common weld between
braces*

the projected chord length
(one side) of the overlap-
ping weid, measured in thy
plane of the braces and pe -
pendicular to the main
member**

A comparison of computed capa-
cities, in terma of brace axial load, P,
using ultimate v, and yield v.x t,,
versus test results is given in Fig, 14,
Equation (8) sppears 10 be conserva-
tive in predicting static joint capa-
cities, provided there is sutficient duc-
tility that the stiffer alement (the over.
lap) does not fall bafore the rest of the
joint catches up. At elastic load levels
the overlep is 90 much «'i¥ar that It
I7es 10 CO""y ™MHe entre 1ol e
whe'® 0.8 IAC0 Ny oils are (Mien
HONBLY veet, 42 & Jex grers we 1D
proportion the overlap 10 carry st
::::c 80% of the acting transverse
Whare extreme amounts of overlap
are used, it may become necessary to
check the capacity of the connection
for transferring loads parallel to the
main mamber as well as transverse
loads. Both may be asccomplished
with vector combination of the
various strength elements, as
suggested InFigs. 14 and 18,

Fatigue

Few members or connactions In
conventional build ngs need to be de-
signed for fatigue, since most load
changes occur Infrequently or pro-
duce only minor cyclic stresses. The
full design wind or sarthquake loads
are sulliciently rare that fatigue need
nnt be considered.

However, crane runways and sup-
portingsstructures for machinery are
often subject to fatigue losding condi-
tions. Oshore structures are subject
1o & continuous spectrum of cyelic
wave loadings, which require consid.
eration of cumulative fatigue damage
(Ref. 12).

Waelded tubular connections, in par-
ticular, require special attention 1o ‘s-
tigue, since statically screptable de-
signs may be subjeci to locallzed
plastic strains, even at nominally
sllowable stress levels.

Fatigue may be defined as damage
that results in fracture sfter 8 sulli

"Cacopt that the hne load capacity v " I w
shouid not excewd the sheering capacity of
the thinner sdyoining base metal
"*Projected chord lengih is peoporionsl 10
(he resuitant of membrane sheer scting
o1 pesk valve along the tuil length of ihe
overlapping weid



ﬂ 2 — Fetgue Categories o
.
. caegory Situstion Kinds of stress'™
(7 A Pain unweided tube. TCceR
RS A Butt splices. no change in section, full penetration groove TCBR
welds, ground Nush, and inspected by x-ray or UT,
B Tube with longhudine! seam. e
8 Bun asicen. Uil Dne1 aN0N IOV weids §Uuuno Nush TiRA ;
. a PLamrBurs wih certingcuty wuignd 100G 1o ANe! grttenary ToIN :
‘ [« Bun ep'can, fUU paretiBlaN GrOOYA WS, Bh weid @ Tonp P e
D Memdrrs mith tar verss (nirg) 81 e 0 Misceisneo.s TC3A
SR emin ulh 83 clips. Dracaviy eig }
D Tees ang crotilonm poirts wat™ Uil par et stien welds 7CSA {
ISAC DL B Tuduiar Connattiony! I ‘
o Simgla T, Y. or K connections with 1. penetiation TCRN »» Brarch memier (mans memBor nusl b cheried .

TLOuint Jruove we oy

£ Sclenced T ang eruc e ™ jormty wit™ DEITIAT Deret glign
e e e T 00 Liiet e s lencem 8t Tubuiat
CONNECLILL,

€ Members where doubler wrap. cover plates, longitudinal
stiffeners, gusset plates, 1., terminate (except st

~Mm

E' Simple 7, ¥, and K type tubular connections with
partisl panatration groove weids or fillet weids, slso
complex tubuler connections In which losd trans.er is
sccomplished by overisp (negetive eccentricity,) gusset
mm..lﬂmvu

F  End weld of cover piate or doubler wrag welds on
gusast plates, stiffeners, eotc.

G  Tandcruciorm joints, loaded In tension or
bending, having fillet or partisl penetration
Groove weids

Q' Simple T, Y, or K connections having fillet or partisl
penetration groove weids

SEDM ety DRr Jateiocy Koot T

TCRA i me=twr (waid ™ust 590 DE £ <) per Catngury G)

TCBR in member.

TCBR in branch member (main member In simple T, Y, or
K connections must be cheched separately per Category
K or T, weld must also be chached per Category G')

Shear In weid.

Shear in weid (regardiess of direction ol loading)

Nominal shaar in weld (P/7A + M/§)

Hot spol, stress or sirain on the oulside

surface of the main member, al the 108 of weld
joining branch member — messured in model of &
prototype connection. of calculaied with best

Hot spot stress at angle change
Worst messurad hot spot strain, after shake down

Punching shear on shear srea ' of main member

Punching shear on shear area '® of main member

ual stresses develop What is ususlly

{‘: X Main member at simple T, ¥, and K connection.
& available theory.
1 Urveinforced cone-cylinder intersection.
X Connections whose adequacy '8 determined by testing
an sccurstely scaled steel model,
K™ Simple K type tubular connections in which
ratio R/T of mair member does not excesd 24
™ Simple T and Y tubuler connections in which gamma ratio
R/T of main member does "ot excesd 24
} 19 7 ¢ tenmmn, o sompronsen § + bendng R+ roverasd
B ¢ Empwiesl curves besed on el tonnetian guamen et 4 SCTubl /I CONCENT §en artery o el apet
s 08 A e of ourve X 1o Be reteried
0 Covevan |
clent number of fluctuations of stress. to & salety factor of 3 on computed
Where the fatigue environment in. fatigue life. An alternative approsch,
- volves stress cycles of varying magni- which will be presented here, s to
tude and varying numbaers of applica- use fatigue curves which fall on the
tions, fallure is ususily sssumed to  sale side of most of the data It might
: occur (or resch 8 given probability be noted that s linear cumulstive
- level) when the cumuistive damage  damage rule Is consistent with the
' ratio, D, resches unity, where fracture  mechanics spprosch 1o
D2/ 8 fatigue crack propagation (Ref. 14),
NN 8 Stress fNuctuations will be defined
and N« number of cycles applied ot 8 in terms of stress range, the peak.io-
Qiven strass range trough magnitude of these fluctus-
N =number of cycles st that  tions. Mean stress is ignored. In weld.
‘ siress range corresponding od structures we usually do not know
,..- to failure (or 8 given probabil- the rero point, as there are residusl

ity of failure)
Some designers limit the damage
rotio 10 033 when using median or
best fit fatigue curves, corresponding

stresses as high as yield which result
from the heat of welding. Where
there is localized plastic deformation
during shakedown, 8 new set of resid-

measured on the sctual structure (or 8
scale model) is the strain range, with
the zero point undefined. The con.
SLANt SIrRin range ag.roximation I8 in
fair agreement with the results of fa-
tigue tests on practical as weided
joints, particularly in the low cycle
range. ’

Fatigue criteria are presented »s &
set of S-N design curves ("ig. 16) for
the various situst.ons categorized in
Toble 2.

Curves A. B, C. D E F, and G are
consistant with AISC fatigue criteris
(Ref. 15), which sppear in turn 1o re-
flect the data published earlier by
WHRC (Ref. 18) Curves rather than
tabulated (step function) sllowabies
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Fig 17 — Fatigue curve C — nominal stress echecent 1o wekl
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Fig 18 —« Fatigue curves C and X — hot spot strain sdjscent to
weld

Fig 21 — Fatigue curves D and O’ — nominal member siress ot
full peretration T welds eand simpie joints
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Fig 19 = Punching shear Iatigue sirength of T-connections

#r8 used because they are more ap-
propriste o tubulsr structures ex-
posed 1o & continuous soectrum of
cyclic loads. In thess simple situs-
tions the nominal member stress (1, ¢
fy) fairly well represents the sctusl
stress a8 would be messured adjs-
cont 1o the weid. See Fig. 17.

Curve X is based on current design
practices for offshore structures (Ref
8). The relevant stress for fatigue fail-
wure of wbular connections is the hot
#pot stress measured adjacent 1o the
, wald, a8 shown In Fig. 18 This Is

.ally considerably higher than the
nominal member stress, and would
normally be determined from a de-
talled theoretical (Refs. 5. 68), or ex-

2000 | MAY 1074

Fig 22 — Fatigue curvas € and £’ = nominal member siress &t i
lot welds and complex jo nits

perimenial (Rels 4, 7) anslysis of the
connection. Category X is consistent
with category C since the local
(ransverse siress adjscent 1o the
wald s consdered in both cases In
the range of inelastic stresses and
low cycle fatigue (Ref 17) it is more
reslistic 1o deal in terms of hot spot
strain rather than stress

The date plotted in Fig. 18 repre-
sent hot spot stress (or strain) from

actual as -welded hardware — tubular
connections, pressure vessels, lab-
oratory models and prototype failures
« from & variety of sources (Refs. 13,
14, 16, 18, 19, 20, 21). In the low
cycla range, the design curve corre:
sponds 1o roughly 96% survival (6%
failure probabliity) based on test data
which are spresd out over & scatter
band more than one log cycle wide.
Within this range, il structarel qual-




fty steels show similar fatigue
ehavior, independent of yield

. * strangth in the range of 38 to 100 ksi:

Ditferdnces which show up' for
smooth polished laborstory spec-
imens in the high cycie range simply
do not spply to practical as-we
(notched) hardware subjected to
ized plastic straing in the presence of
& corrosive environment (e.g., ses-
water).

Little data are available fof the high
cycle range, ‘over 2 x 10* cycles. In
the presence of Initial flows and/or

endurance limit, . and the
strength continues to drop off.

Unfortunately, use of curve X re-
quires knowledge of stress concentra-
tion factors and hot spot stresses
within the tubular connections —
Information which would not be avail-
sble 1o many designers. However,
anyone thould be asble to calculate
punching shear (equation 1) and
make use of the empirical design
curves T and K (Figs. 19 and 20) for
Cyclic punching shear in, respec:
tively, T and K connections. These are
based on data sssembied by Toprac
(Ref. 21) from tests in which the
chord thinness ratio, Yy , was limited
to the range of 18 10 24. Thus the
curves may eorr on the sale side for
very heavy chord members | ¥ under
18), and they could be unconservative
for chords with ¥ over 24. Since the
theoretical elastic punching shear
efficlancy (Fig. 8) varies inversely
with Y07, it is suggested that, for
chords having ¥ greater than 24, the
allowable cyclic punching shear be re-
duced in proportion 10 (24/Y)07

Once failure of the chord In the
punching shesr mode has been pre-
vanted, by the use of heavy wall
“loint cans” or by means of other
joint reinforcament, the problem of
possible fatigue failure in the braces
remaing. In simple joints, localized
siresses in the brace may resch 2.6
times nominal 1, + 1, due to non-uni-
form load transfer (8 factor of about 2,
Fig. 6), restraint to Poisson's-ratio
bresthing (s factor of 1.8 for perfect
axigymmaetric restraint), and continu-
Ity with the severely deformed chord,
Accordingly, curve D' (Fig. 21) when
applied 10 nominal brace siress takes
these factors into sccount. Daia
points are for thick walled simple
joints tested by Bouwkamp ot al (Rely
14, 19), for which fallure occurred in
the brace (branch member) rather
than in the chord (main member)

Where some other form o' joint re-
inforcement is used (such as brace
overiap, gussets, or rings) localized
siressas in the brace may become
larger and more diticult 10 ascertmin
and thus have 1o ba designed sccord.
inglocurve €' (Fig 22). which implies
stress concentration factors as high
a8 6 Mowever, it should be stated

#iso that for some connections of this
type curve E is 100 conservative but
unfortunately at this stage no distinc-
tion can be made.

Curver D, E, F, and G are limited to
situstions in which nominal member
stresses represent actual load
transfer across the weld. Curve G' is
shifted down to a factor of 2.0 to
asccount for the uneven distribution of
load transfer across the weld at the
tube-to-tube intersection (Ref. §).

The data supporting the empirical
design curves, T, K, D', and E' general-
ly show more scatter than the more
basic date of Fig. 18, primarily be-
cause they neglect some of the rele-
vant factors, and only represent
“typical’” connection geomatries.
Where actual stress concentration
factors are known, the use of curve X
I8 1o be preferred.

Because of the uncertainty and
scatter involved, calculated fatigue
lives should be taken with a heaithy
amount of skepticism, and should be
viewed more as a design guideline
than as an absolute requirement of
the code.

Concluding Remarks

The criterla presented have been
developed primarily on the basis of re-
search and experience with fixed of.
shore platforms. These structures are
highly redundant, and localized tubu-
lar joint fallures can occur without
leading to collapse of the structure.

One purpose in presenting this
paper (s 10 let potential designers of
other classes of tubular structures
800 just how the data fall relstive 1o
the proposed criteria, and what the
scatter is, so that they may be in &
position to svaluate the suitability of
the criteria for their particulsr applica-
tlon,

Also, It Is hoped thal, as additional
data become available, they will be
compared against the criterla and
data given herein. Such comparison,
discussion, and re-examination
should eventually lead 1o & better
design.

The suthors are Indebted to their
colleagues in the various AP, AWS,
WRC, and ASCE tesk groups con-
corned with welded tubuler struc:
tures, whose prodding and commaents
helped shape the guidelines present.
od here
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P O BOX 1002 + C1EN ROSE TEXAS 7604

November 16, 1984

HOTED ﬂOV‘l 9 W RNl

Ms. N. H. Williams

Project Manager

CYGNA Energy Services

101 California Street, Suite 1000

San Francisco, California 94111-5894 (%‘

COMANCHE PEAK STEAM ELECTRIC STATION
Independent Assessment Program Phase 3
Cinched U~Bolt Testing & Analyses Program U‘ w' “‘M
Additional Information @qoq 2 P;

REF: 1) J. B. George (TUGCO) letter to N. H. Williams (CYGNA), dated
November 1, 1984 - same subject

2) N. H, Williams (CYGNA) letter to J. B. George (TUGCO), "Status
of Cinched U-Bolt Testing and Analy s Program", 84042.018
dated October 1, 1984

Dear Ms, Wil iams:

Reference 1 provided in its attachment the information requested by Reference
2. Included in the attachment as part of the answer provided to Item 2 of
Reference 2 were results of a finite difference heat transfer analysis con-
ducted for an uninsulated and an insulated U-bolt configuration on a 10-inch

pipe.

A rechecking of the modelling of the contact areas between the U-bolt and
the pipe and the pipe and the crosspiece has indicated that the contact be-
tween the pipe and crosspiece was overestimated and that the contact between
the pipe and the U-bolt had been incorrectly assumed to extend for an arc of
180°, Accordingly, we are providing in the attachment to this letter the
results obtained for the uninsulated case of the pipe at 250° F and the in-
sulated case with the pipe at 350° F, where the boundary conditions of the
model are changed to reflect the more realistic contact areas. We will be
glad to discuss the details of the model, if CYGNA so desires.

Please call if you have any questions.

Very truly yours, CYGNA 4

Lx'rzs GENERATING COMPANY JOB NO 3 ‘ 2

DATE REC'D/LOCGED %
/ ////‘/Jﬁ LOG KO, " ——#.IZL___

¢ (Qeor B ,,r' 1 94 e
Vice President/Project General Manager c—

K085 REF. FILE 2_
ce: 8, Burwell R. lTottd
J. Van Amerongen D. Wade

ADIVINSION OF TEXAS UTILITIES KLECTRIC COMPANY



ATTACHMENT 1
Revision to Item 2 of Reference 1.
Please replace Item 2 response with the following:

A. The answer to this question is best worded by first restating that the
choice of 250°F for the 10-inch pipe temperature is a compromise choice
which bounds the majority of the systems in the plant, and where used with
an uninsulated U-bolt configuration is also representative of the case where
the pipe temperature may be 3509F but the U-bolt configuration is insulated.

Second, it is important to point out that there is a single cinched-up U-
bolt which is used on the l0-inch portion of the RHR system. This is support
RH-1-024~007-822R which is on line 10-RH-1-24-601-R-2, whicn is connected to
the outlet line of the RHR heat exchanger. The maximum normal temperature
seen by the line is 280°F during initiation of RHR operation. Only under
upset conditions, where component water cooling may be lost, can the maximum
temperature of this line reach 350°F. There are no cinched-up U-bolts on

the inlet side of the RHR heat exchangers.

Third, it is germane to point out that the tests conducted on the 10-inch

pipe specimens had a corresponding average temperature of the U-bolt equal

to approximately 150°F, For the particular configuration examined here, i.e.,
stainless steel pipe and carbon steel U-bolt, the approximate 150°F represents
the equilibrium temperature of the U-bolt. The following describes the tem-
perature history during the thermal cycling test and the creep test for both
the U-bolt and the crosspiece.

Thermal Cycle 1:

The pipe reached the test temperature of 250°F at 30 minutes, but then con-
tinued to climb to over 280°F before settling back down ot 258°F, The U~
bolt radius and leg stabilized around 195°F and 1509F, respectively, near the
end of the cycle. See Figure 3.

Thermocouples 2, 9 and 10 on the crosspiece reached temperatures of 1299F,
136°F and 144°9F, respectively, at che end of Cycle 1. These are less than
the equilibrium temperatures reached duving the creep test. Figure 4 shows
that temperatures had not leveled off. Refer to Figure 9 for location of
thermocouples.

Thermal Cycle 6:

The pipe reached an equilibrium temperature of 250°F within 20 minutes. The
U-bolt radius and leg reached 183°F and 144°F, respectively, around | hour.
See Figure 5.

Thermcouples 2, 9 and 10 on the crosspiece reached temperatures of 125°F,
132°F and 1399F, respectively, at the end of Cycle 6. These are less than
the equilibrium temperatures reached during the creep test. Figure 6 shows
that temperatures had not leveled off,
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Creep Test:

The pipe reached an equilibrium temperature of 250°F in less than 1 hour.
The U-bolt radius stabilized at 1859F within 1 hour. The U-bolt leg sta-
bilized at 148°F within 2 hours. See Figure 7.

Thermocouples 2, 9 and 10 on the crosspiece reached equilibrium tempera-
tures of 138°F, 146°F and 154°F, respectively, around 3 hours. See Figure
8.

10" Specimen Summary:

With a pipe test temperature of 250°F, the U-bolt reached thermal equili-
brium during each cycle of the thermal cycling test, but the crosspiece
didn't. The entire assembly reached thermal equilibrium shortly into the
creep test. A summary is provided in Table 1.

Results of finite difference thermal analyses are very sensitive to the assumed
area of contact between the pipe and the U-bolt and the pipe and the crosspiece.
When the U-bolt is cinched, the line contact between the pipe and the U-bolt
extends for an arc which is less than 180°, and the precise extent of which
depends on the cinching force and the spacing of the bolt holes in the cross-
piece. Similarly the cinching process tends to produce a loss of contact at
some points between the crosspiece and the pipe due to either bending of the
crosspiece or local deformation of the pipe. This loss of contact, however
small, profoundly affects the heat transferred from the pipe to the crosspiece.

A heat transfer model has been executed for the uninsulated U-bolt configura-
tion with the following assumptions. Heat transfer from the pipe to the U-
bolt is along an arc near the apex of the U-bolt. At the diametral location
there is a small gap (less than 1/16") between the pipe and U-bolt. No gaps
are assumed between the U-bolt and the crosspiece (the assumption is believed
tn be inconsequential since both elements are roughly at the same temperature
at "hat location). Heat transfer between the pipe and the crosspiece takes
place through a line contact extending 2 inches along the pipe, and via gap
conductance, along the circumference of the pipe and through a gap increasing
from zero to 1/128" linearly from the end of the contact area to the end of
the plate. Likewise, the heat transfer between the pipe and the U-bolt also
considers the gap conductance with areas immediately adjacent to the line of
contact and extending out to the U-bolt radius. This model produced results
which more closely match the results of the test.

Results of the analyses are shown in Figure 1 for the uninsulated case. In
Figure 2 similar results are shown for the insulated case. The only difference
between the latter analyses and that of the uninsulated configuration are the
pipe temperature, which in the latter instance is 350°F, and the presence of
insulation.

For the uninsulated case the average temperature of the U-bolt in the curved
portion is 175-180°F, while the straight portion is at about 150°F., For the
insulated case the corresponding temperatures are approximately 300°F and
260°T respectively.
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e effect of the temperature rise on the clamping forces acting on the pipe
and the U-bolt for the two cases of 250°F pipe, uninsulated U-bolt and 350°F
pipe. insulated U-bolt, can be estimated by comparing the relative giowth of
th: pipe to U-bolt for the two cases, neglecting any deformation of the pipe.
Since only relative growth is pertinent here, the one-directional growth cf
the U~bolt due to thermal expansion given as Y, where

Y= oATL

vhere L is the projected length of the U-bolt which is given as 2R and
is the temperature differential between the average U-bolt temperature and
ambiext (¢vr a reference temperature), is compared tc the diametral growth of
the pipe, Y», which is given as

= A
Y2 [1,‘, D

The worst case relative expansion will occur for the stainless steel pipe

anG the carbon steel U-bolt. For the l0-inch pipe (10.75 OD), coefficients

of thermal expansions &= 6.3 X 10=® in/in/9F at 150-180°F or 6.6 X 10-6 at
260-300°F wnd of,= 9.4 X 1076 at 250°F or 9.53 X 10~5 at 350°F and a reierence
ampient temperature of 70°F, the relative expansion for the two cases con-
sidered, i.e., 250°F pipe with bare U-bolt, and 350°F pipe with insulated U-
bolt are as follows: 3

1. 250°F AY = 0.011755 inches
2, 35C°F AY=0.0137 inches
3. Finite Element Analysis AY = 0.0141%
(* Finite Element Analysis used 210°F,)

As seen from the above, theoretical, steadystate heat transfer analyses would
predict that the case of 3500F pipe expanding against an insulated U-bolt
could resalt in a differential pipe expansion which would be approximately 17%
larger than could be expected for a 250°F pipe with uninsulated U-bclt. How-
ever, the finite element analysis has been conducted in a manner that would
encompass the case of 3500F insulated U-bolt. As seen from the third row of
relative expansion, the finite eierent analysis, which used a pipe temperature
of 210°F but maintained the U-bolt *emperature at 70°F, would yield a relative
expansion which is comparable to tt case of 350° insulated.

Another point to be discussed, is that the test has provided information on
the transient thermal expansion differential between the pipe and the U-bolt.
As seen from the data which is attached as Figwres 3 and 5, the maximum
temperature differential between the pipe and the U-bolt occurred wicn the
U-bolt has reached a representative temperature of abcut 100-1050 wile the
pipe had been heated to 250-255°, a difference in temperature of aipproximately
150°F. This difference is well simulated in the finite element analysis
where there is a constant difference in temperature of 140°F, It shovld also
be remembered that for these temperature differentials, the amount of stress
caused by the thermal expansion is not very significant.



TABLE 1

U-BOLT THERMAL AND CREEP TEST

DATA EVALUATION

TIME REQUIRED TO REACH

ENUILIBRIUM TEMPERATURE, HOURS

EQUILIBRIUM TEMPERATURE, °F
U-BOLT | U-BOLT U-BOLT | U-BOLT
p1pe | rantvs | vecs | /¢ 2 | 1/c 9] 1/c 10] PIPE {RADIUS | LECS ] T/C 2 }T/C 9 JT/C IO |
" INSULATED SPECIMEN
THERMAL CYCLE 1 559 498 451 * * * 2.5 2.5 2.5 * * *
THERMAL CYCLE 6 560 530 440 * * * 2.0 2.25 2.75 * * *
CREEP 564 495 451 322 340 365 2.0 2.0 2.0 3.0 3.0 | 3.0
10" UNINSULATED SPECIMEN
THERMAL CYCLE 1 250 | 195 150 * * * .50 | 1.5 1.5 * * *
THERMAL CYCLE 6 250 | 183 144 * * * .25 | 1.0 1.0 * * *
CREEP 250 185 148 138 146 154 1.0 2.0 2.0 3.0 3.0 | 3.0
32" 155 LATED SPECIMEN
THFRMAL CYCLE 1 560 * * * * * 4.0 * * * * .
THERMAL CYCLE 6 560 * * * * * 5.0 * * * * *
CREEP 563 440 353 154 175 251 4.5 |11.5 12.5 14.5 | 14.5 |14.5

* THERMAL EQUILIBRIUM WAS NOT ACHIEVED.
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