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SUBJECT: In the Matter of 3 'f n '

Application of Texas Utilities o

Generating Company, et al . for tg
An Operating License for
Comanche Peak Steam Electric Station
Units #1 and #2 (CPSES)
Docket Nos. 50-445 and 50-446 e/

Attachments to CASE's 10/8/84
Answer to Applicants' Motion for
Summary Disposition Regarding Consideration

'of Cinching Down of U-Bolts

WL are attaching four attachments which were inadvertently omitted from subject
pleading; we apologize for any inconvenience:

CASE Exhibit 920, MSS Standard Practice SP-69, " Pipe Hangers and Supports
- Selection and Application," pages i-iii,1-10. -- see page 5 of
pleading

CASE Exhibit 742, NUREG/CR-2137, " Realistic Seismic Design Margins of
Pumps, Valves, and Piping," pages 8, 10, 11, 30, 31, B-8, B-9, and
B-10. -- see page 7 of pleading

,

i Response by Applicants to NRC Questions of Meeting of August 8-9 and
,

| August 23, 1984, A. U-bolt Cinching, pages 1-27. -- see page 14
i of pleading

June 8,1984, letter from L. M. Popplewell, TUGC0 Project Engineering
Manager, to Ms. Nancy Williams, Project Manager, Cygna Energy .

Services, Subject: Comanche Peak Steam Electric Station Cygna Review
Questions (Pipe Supports), and attached pages re: Cygna Questions
(42), (43), and part of (44). -- see page 15 of pleading.

Respectfully submitted,
8410160704 841013
{DRADOCK05000 g g

s.) Juanita Ellis, President

cc: Service List
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- FOREWORD
.

1

The requirements of this standard were developed b a cooperative effort of
!

representatives of pipe hanget manufacturers. They are based on the best practice' '
,

current at this time and on proven results of the research and experience of this
industry. g'.

~

The metric units given in [arenthesis were derived utilizing the following conver-
sion f actors, and rounded to appropriate accuracy.

*

Conversion Factor

inches to millimeters 25.4

feet to meters 0.3048

PSI to kPa,

6.89

F to C C = F-32 *

1.8

First Edition 1966
Revised 1976

.

All MSS Standards approved and practices recommended are advisory only.
There is not agreement to adhere to any MSS standard or recommended practice
and their use by anyone is entirely voluntary.

No part of this document may be reproduced in any form, in an electronic re-
trieval systern or otherwise, wibout ne prior written .oermission of the Society.

.

Copyright c 1976 by

Manufacturers Standardaaten soc ety
ofthe

Valve and Fittings industry o

Printed in (J.S.A.

e,i
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- p .4 PIPE IIANGERS AND SUPPORTS -
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.n SI.LIXTION AND APPLICATION - -

- - ..

p. . ' ,
, , - . . , . ,

,_
-

-- -

; [ 1. Sropli AND OlutRTIVliS -
- 7

,
-

.u
.. . . >. ,

.

Factory Mutuai Engineering Division .; ,

y s; p.y:q' r.7 d -1 ~.. ' "
Bulletin 2-3 - Installing Sprinkler -i 1.1 This' standard elates to, 'the selection ' Equipment.

,

- and application of pipe hangers and suppor:s
-

-

[, '

. for all service temperatures. Ilangers and sup-< 2. CLASSIFICATION OF PiplNG SYSTEMS -
.

- '

.

ports, noted herein. are the types specified in
For the purpose of pipe hanger and supportMSS SP-58, Pipe llangers and Supports. Ma-
selection. this document establishes an identifi-terial. Design and Manufacture. Reference is cation

r

also made to other pipe supporting and con- of piping systems according to the-

trolling elements such as guides, restraints, and operating (service) temperatures of the pipe
.

contents as followa:
-

anchors.

2.1 flot Systems
1.2 The objectives of this standarl! are:

A 1. I 20F (49C) to 450F (232C)a) To serve in the engineering design. A-2. 451 F(233C) to 750F (398C)in whole or in part,as a pipe hanger and
A 3. Over 750 F(399C)- -

support specification by reference to this .

*

document. 2.2 Ambient Systems
~ b) To serve as a guide to proven industry

.

practice during engineering design and B. 60F (16C) to i 19F (48C)writing of, job specifications covering the- ma
hanging, supporting,and controlling the 2.3 Cold Systems

fi L movement of piping systems. ,d c) To provide the erector with informa- C-1. 33F (IC) to S9F(ISC)tion on types of hanger and support com- C-2. 2F (-29C) to 32F (OC)ponents to be used for specific applica- C-3. Below -2F (-29C)tions and installations, where such infor-
~

mation is not otherwise provided. '

3. _ GENERAL REQUIREMENTS
1.3 This is a basic standard practice. However,
it may be subject to changes ard/or elabora.
tion by the design engineer, 3.1 The selection of pipe hangers and sup-

ports shall be based upon the overall design
concept of the piping systems and any special

1.4 Other documents. governing pipe hangers requirements which may be called for in the
and supports may be specified to take prece-
dence, in whole or in part, over this document.

specifications. The supporting systems shall

Examples: provide for and control the free or intended
movement of the piping including its movement

ANSI B31 Codes for Pressure Piping. in relation to that of connected equipment.Federal Specification WW il 171
(latest issue) - llangers and Sup. 3.2 A careful study shall be made of the
ports Pipe,

piping layout in relation to the surrounding
Underwriters Laboratorics, Inc.

structure and adjacent piping and equipment
Standard UL 203-Pipe llanger before selecting the type support to be used at
Eq uipment. each hanger point.

. .

.l.
!

*
; 1

.

k
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&.r "s . ') \
.j .l..I

. n ''

II.inecti, sn|' poi ts. ant hnis athi si*st s.Huli,, I .,
- . .

1* - .
. !

. - . . (. lhi* Hi.itiy.! _in. . .
.

.
_ , s "8:1.i. I, ' w ith t h. ri; c

,

sh'.dl lie. sekiteil to % t hstalttl all st. itis' .md'', . [', sh. ell be"sompaldde~ w ah the pil'ine in.itesi.d
,

?
i

A - *

' . d>'n.unie ' condition ~s of loatling te v his-h the.(* .
.

so Ih'.It 'neithi r'sh.dl base a deleitosalmr actson
'

b $ . ~ pipisig 'and .rwsei.ited ripiipment' inay, IM s., on the otlier4>
, g,.;,p.; y. :. gax- pr.>:r.-L+M.'; MN g'd 9 ','. ,' ' , -- [

.ryK ' . ; Mib . ~ d y w . .;... .ng .. iee1e .. ,:.c.,c
;- rQ<nWUw. . ! .1,

g .p- g-.. , , . g.g.ppy;gggg gg.g% - ' -
g - ;- ; *.y..{ , y y * ;.ty ; ;. ;_ ,*"., M y 7.$ g ) p.
1

* ,

S- ~

),- ~ a -

y' ..;,.g. .h l . l."a',l. c.deidations , w ht*sy seituinct . giyg.m . i 1,3 \l.dcri.df subje.ct'.to'soliosion os eleettie.
>

- - -

.. speciGeatum, sh.dl goe consu, lesa. tion to the. v lyds yhall b.en,.. .e protected..w. .ag specin,ed by the en . - .,
. -

-
' ,

s

*[ - ' following: Y '. ' . .~ 'A ~

'[~
gineering dedgn and is h protection sh'll be.

~

- a
-

" applied 'lii'aceoidance w ith the tripiirements.
.

,. . . . , ,;;. ,: . , :- 4:v. . . ; =, '- - " . ^.

og ygg Sp ;g; ^ --
[* a) Weightv of pipe tabes. htlings. isl*

-
- *

*

.

- E sulating materi.ds, suspended hanger com .
. * * ,

~~, '

( ponienh. and normal fluid contents.
-

.

* ~
- '

. . .

S. OlMliNSIONAL ItEQLilitliMENTSbl Weight of h>ilrostatic test Guid or *

cleaning fluid if normal operating fluid .

5.1 llangers and supports shall be sized tocontents Ure lighter.
-

fit the outside diameter 'of pipec tubing, or,
if specified. the octside diameter ofinsulatt

e) Use of restraints against normal
-

N n.
thermal movement. , ..

,

'S.2 Ilangers for the suspension of Size 2":
-

d) The effects of anchors and restraints and larpr pipe and tubing shall be capable
of vertical adjustment under load.

. to provide for the intended operation of ' ,

*

expansion joints.. - .- ,

. *
,, *

.

%

e) lleaction forces due to operation of 6. SELErflON OF IIANbF.RS AND SUPPORTS
. . -

'.
.

. safety or relief valves. FOR PIPE MOVEMENT .
.

.

'f) Wind. snow or ice inadings on outdoor . 6.1 The selection of hangers and' supports,
'

pipmg. shall be- made to provide the piping system
,

with the degree of control that its opesating
g) Ln.idings due to seismic forces when char eteristics resluire,

*

provided 'by the design engineer's specin.
ca tion. h.2 Where negligible movement of pipe

*
.

,

occurs at hanger Incations, rod hangers should
ror suspended hnes. For piping sup. 9M llanger components shall not be used ror 1 use

purposes other than for whicle they were de- p rted from below bases. brackets or strue. "
4 --

signed.1 her sh.dl not be used for rigging aml , u al russ members should be uvd.' -~

ercetion pmposes. * ,

g,.1
Where these is initi/ontal mmement at

a smpended lvpc h.mpe.: location. hanres roin.

1. Al \ ll.Ill.\l it! Ollll'l Nil.N IS ponents shall be selected to allow lor swing.
If the writied angh ol' the hanger rod is greater
than 4 degrees a traveling device should bel.1 It' is stiongly secommended t hat the'
pmvided for horirontal movement. For piping 7materials of all pipe hanping and supporting supported from below slides, rollers, of roller

elements be in accoidance with \lSS SP.5M. carriages shouhl be med. .L
,

~

.

.:. O
.
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I TABLE I. IIANGER AND SUPPORT SELECTIONS ,,. ,
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1 .
'

1
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. c .: p 8' When. sa,: inlicant

!{ V. t he

,

sestnal minement of; ,
, . ,,..,% . c. ; -

- ,.

l'ipe ..c ms .it t he han; ci location. a tesil-- . f 4.2. Variable Sprinji llangeh shall be usedg .. :.T
, - iin suppois must be m.cil. Selection of iesil. for all o,ther re ilient supportn

.

requiremenh

Q,..; . , vari.ition and effects on adjacent equipment., ient( supportyhall,I e based on permiwible load 7'. f.iTf.f.@- TcM 6 s--escept as 'noted in Subsection ti.4.3..
[

, -

| . w --

-

Typical load variations; are shtuvn in Tahle 2.
-

g,,.3,y
pgna. int Sup irt !! angers shall be used

'..

1.oad 'and,,f moyement, calculations' shall be _

*

on pipig 93 emt wh th dtvih b w ~ -~ [ , ,, y,s. .; t^"

made for the proper selection of spring hang. " porting force must be limited to 6 percent
Vertical movement and load transfer

ers. ,

and dich cannot lie acconunodAd M a
. _

.

frtim riser espansion to hori/ontal runs shall- Vari.ib!c Spsing llanger. -

:_

be given consideration when applying spring ' ," -
hangers.

.
,

.
'

,

7

Spring Cushion llangers may be used * IIANGI R AND SUPPORT SELECTION6.4.1

where vertical movement does not exceed % 7.1
inch (6.3 mm), and where form l l II.mger and support components shall be

a oad and selected from Table I within the system classi-movement calculations are not required. Geation. -

t
.

.

-
.

7'2 For uttachment $to concrete structure,.

' poured in place anchor bolts or inserts are-

.

preferred whenever possible. When necessary.
.

*

A iABl.E 2. SPRING SUPPORTSELECTION
, approved concrete fasteners may be us,ed.

.

(y .
'

-
-

7.3 Where addit.ional structural members are
aito nou * required. they shall be designed .for the speciGe

*

-
Yt MTR'at %4Klat slM.d M bd .

loads they are to support in accordance w'itht vas.sm n, UD
3,4gg

g=>u moo

the requirements of the American Institute
c.,uimrm "* Ma " uma

of Steel Construction.win ns -

um i:i asu mm oi -

= a. o m ni :n .siss unsssiss nss
.

. , nss us. us s:s
*=u un :w us ns vs us 8. _ATTACllMENTS MADE BY WELDING ORi:o . .a u.u un s. Sus !!OLTINGm:eun :w <ns ms.s>ts nss .on . . - un 99w iu'

8.1 All welded type support componentsun usu :n uu nos ms mao.: , un uu s. sui shall be in accordance with MSS SP 58.
om eiun zw un u"* uno: , uo

--
8.2 All attachments welded to the pipe shall_._-_._.__. uni., un

[.[i$nN[,b'"-' . ' . " *r;'"' "m*" *i"" '''",,,,,,
be in accordance with MSS SP 58 aml IS.

-

pe
I abrica ion Institute. Standard ES.26.

'

n
in w m u m ,iin w... .

,, .. , .. u. .. u. ..py,,, g g ,, ,,
.... .s .. .u ..

,

*'f 8.3 Wehled and butled attaelunenis Io IheM -

d Med shM1 k in xcordance:
v uni .m i nn uu .m nn v om .o .o. . #. i with the requirements of AISC. There shall beni ..nn.n umi%.n m u $: # no i,.ua=nanownre.. no drilling or burning of holes in the buildingu.i.iv..w.au.inu.vniu. =>in io ur~uini.ass w au.n . vu nun ,,tructural steel without prior approval by the.. .

idesign enpincers.
. . . ... _ ...

O '

3

T
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M. FOLLOW PIPE hlANUFACTURER3 RICO.\t.\tLNDATIONS FOR StATI RIAL AND
m

, . e Z

. 'RVICE TDIPLR ATL'RE..

,.
, , , . . , , y- $, SL *

s. ;.,. - -. , ,

- *
- u

' a ,

8 ft (2.4m) St AN SPACING.l OLLOW htANNI ACTL'Xi'R'S Rl rO%I3tLNDAlt0Ns.de

o set SI.CnON is.0 g$
E .a r-ey ow 33.

< G5 -m

h gx FOLLOW PIPE hlANUFACTURER3 PECO%titLNDATIONS. 7#a

H Qu g
cc
O sa

.

e. O
10 ft (3.0m) htAX SPACING h11N OF ONE (1)IIANGER PER PIPE SLCTION CLOSEg$z5 * <$U - "5 TO JOINT ON Tile BARREL. ALSO AT CllANCE OF DIRECTION AND BRANCil

.
' '" yo

O CONNECTIONS. *$ '
Z <u

12 ft (3.7m) h!A A SPACING h!!N OF ONE (1)ILANGER PER PIPE SECTION CLOSE
< >zm w-

4 $ '$ TO JOINT ON Tile BARREL ALSO AT CHANGE OF DIRECTION AND BRANCll W d y$Q xec *

y '

CONNECTIONS. d*zz
|| = 9$ $ . H$b"Q .y''

w a- { FOLLOW REQUIRE %f ENTS OF THE NATIONAL FIRE PROTECTION ASSOCIA.$8E
e

,

S T10N. SEE SECTION 14 ,w
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i .%8 Recommended masiminn applicsl i.it.pg- t 1. \tt'l 1-|ptp h ppg 3g |g
f) for set wrews in Wl.mips is lhted I.. l.m

,. _

i
-

,vp .(- - _;-. .n _;. Il.I llorizontal b.mlAs ol' piping ma'y be
.

'

; .

'

'. Thread size 'Torspie regard to the?
C"""""n l'aje'nkm!'er without'" " ""'

Inch - Inch pound pipe centerkne elevation. The,. -

particular method of support to be used shall
. ri -

. 1/4 y- . - 40 he as required by, the engineering design.
- - 3/8 60-- . , . . . -. . .

.'
~ '

3 I l.2 in the supporting of multiple pipe runs.
'

| . .
*

,

.. O
,

provisions shall be made to keep the lines in
.

3/4 400
their relative lateral positions, using clamps or

*

M N'S clips. Lines subject to thermal expansion shall.

,

be free to roll axially or slide..
. ,

.

9. _II ANGER AND SUPPORT SPACING - '..

9.1 The maximum spacing of hangers arid 12. RISER SUPPORTS
supports shall be~ as set forth in Table 3.

. -
- ' '

12.1 The selection and location of riser sup.
. -

9.2 Spacings less than shown in Table 3 may p rts shall take into consideration the entire
be required to conform with building structure weight of the riser, hydrostatic test load con-
loading limitations. ditions. line temperature and available support-

ing structure. On a rise'r subject to expansion._
.

DIY ile support of the . rigid type shall be9.3 Minimum rod ' diameters for single rod-

"liangers are listed in Table 4. , '' '
'

, .

12.2 Riser clamps. Type 42. shall have a 79.4 Uhen periodic dismantling of a piping
system for c! caning, etc. is anticipated, the positive means of engagement between the pipe &

and the clamp. * ~

design engineer shall specify any required
' additional supports. - '

,

13. ANCilORS. GUIDES AND RESTRAINTS.

.

10. pipe. ATTACilMENTS FOR INSULATED 13.1 Anchors, guides and restraints shall be
LINES

located by the specifiestions and/or drawings.
Should the need or the desirability of relocat-

10.1 The conr.ections to pipe attachments ing, climinating or adding anchors, guides or
shall be outside the insulation so that move- restraints arise, such changes shall be brought
ment of the line shall not cause damage to the to the auenti n of the design engineer for
insulation. consideration and approval.-

.
e .

' .

. 13.2 Anchors, guides and restraints shall be.

10.2. Imulatinn protection shields shall be derigned for imposed loadings as determined.

provided to protect the vapor barrier of imu- by the design engineer. .

lation on cold lines. Under no circumstances
shall hangers, supports or guides 'bc applied 13.3 'ne n'ecessity for, and the location of,
directly to horizontal pipe or tubing on vapor shock supressors and seismic control devices
barriered lines.(See Table 51. . shall be as determined by the design engineer.-

~

(3 . ,'
~

''
-. y, .

,
,

. .. .
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,
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Ni l' bl I li .on i siinjui hing S'ystems
.

f . .~;i .. i. . I t > RE y &N
.. . e~

;,"'

.NI'P.b l .' 't '.nlEm ' Diosidq~ Systems $;[ .u$1 s.~YSl*M E RUlill"3 RS'IN'Ji
.-

,

J *

NI'P.b r.t IUstal!$liois' of Sprinkler. - ~ " -- ~~~~--- N. ; e . . . . .., ' t 1. H ..Jy.. sus tuss te . :...~ v n.n; w y.emy ,TY,'<e tw t ws s te u "'-

; f; 7 -- i. :. m. t. = - i. 4. s. io. is ; m-; ~, .( * * g. . u ;, . j- ;..-

; . ypp3,g 4 Standpipe and llose Systems
.- ,wmewr

t ** , . , , , , , , , . , wans 1, ' smeis.sa. ._ . . -. ,

A- .

Mutt ison -
. .

-

NFPA 15.'' Water Spray Systems
,

F :-
I

'.~ J. .
",',",7 l ini in, C ' , . . . . . . ,

~ , NFPA lh - Foam Water Systems'

.
4 " o .,~' .. -

'

.w.- m
. i. . .' NFPA 17 -- Dry Chemteal Extinguishing!

.;."
^

m w. i.e rn in xn n., ., c - ., . . ^ ~ , Systems'- F ~,
% 15 3|2 9 s. IfN *n)-

la s., os 3x ..
,.-

.

* ne rn v. rs .
.. ,

-

3/s ** Jts ***
14.2 Hansers in general are covered in NFPA .~ | ,'$ j$ '[ j,',"
Pamphlet 13. If the system is other than a

""

: 3;n == 3:n (*
standard water sprinkler system. the applicablej |$. '[ 'j '[ pamphlet (c.s., Foam) shall also be consulted.

, , , *

3 t/: 1/2 12.7 I/2 : .7
4 sm is ar si' :.7

-
.

s sla ne si:
15. CAST IRON PRESSURE PIPING

:. ,
. 6 J/4 i9.8 s/s is.'

s ita ::.: 318 its
15.1 'Ilie size 'or hangers shall be suitable$ [.| N$ j,'' ||.' for the O.D. of the pipe to be supported.

.

, ,
is i. :s 4 res ::.:
86 i 25 4

15.2 For exposed piping ,with other than$- hj. j5 ',
.
*.

bolted flanged or grooved joints, clamps and .:s i ele ns-

restraining rods shall be used. ,.-

( Fiw eslewiced icada. nod d.ametevi msy te $.3 In Cases where movement may occur e. .

ud Janw =dh Mss sP ss. Tame s.
*

:: n..di m.y me .edmed one ae r n eouwe between the piping and the structure to which.

eud hangers =wh J/s in. (9 6 mm) m.nunu.n the hangers are uttached, spring hangers shall4. e...

(3) C.8 mis notes sefee to Mss sPpf. T ble 3. be installed as specified.-
-

.

15.4 For buried ' lines. supporting m ans that
'

.' . may be required due to soil conditions or
settlement of terminal points shall be speci-13.4 'the location, type and number of

corrective devices which may be necessary to fied by the design engineer. .

control any unforeseen vibrations- as deter-
16. CAST IRON SO1L PIPINGmined after the piping is in service are not a.

part of t'his standard.
Requirements shall be as set forth in Sub-
section 15.3 and 15.4.

14. FIRE PROTECTION SYSTEMS *.

l 1.1 llangers and supports for fire protection 17. ASBESTOS CFMl!NT l'IPING

. systems shall conform to the standards pub-
3'7.1 The size of hangers shall be suitablefished by the National Fire Protection Associa-

tion in the National Fire Codes for fix'ed ex- for the O.D. of the pipe to be supported.
tinguishing equipment. Pamphlet forms are as
follows: 17.2 Support types and spacing shall be as

recummended by the pipe manufacturer.
.

e

'

.
.

e
.

1
'

: .
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TArlLE 5 TYPE 40 PROTECTION SillELDSJOR V APOR DARRIER INSULATED PIPF ant TtttitNG
,

{ f ,)
' *

g \j - . ; 39gg pgpg. hHn I.D13 %I H -
,

.. , . WAtM.
, .

. l',s STAND 4killiAGF
.

3,g
ist . mm ri.'

' - m .

] ,

.* *
-(. gf;, y gf; y , gg.. . .tos 8-

'

[0' 30
'

J. 12 .tos
,

16 10 30

., ;s
16 10 40

* '

s:
,

'6 18 4s1
. *

*.

A 34 24 610 * 14 1& * * 10 ' 30It' 24 24 610 12 le 3A

*

NO\l. TUnlNG
, . .

sinELD LENGTil-

srArlNGst/E. - IN "s. .

' in men rl m.

a1/4. I * 12 Jos is 5' l.s
,

i 1/4. 2 112 12 30s 38 ** 24
'

3 3 112 12 30s IB 10 304 12 30s 16 10 30s 6. Is 4s? 16 10 402 r

24 610 - 14 10 JO
'

NOTES:
The lared spans anJ sh. eld lengihn are based on insulation with a compresst e sirength or 15 psi
(103da). For insulation with compressive sirengths greases than is ps:(10Jkfa), span may be
encreased proportionately up to the maumum allowable aslaied a table 3. $ para masked*
are the manunum afluesble.,

.

Protection shield gages listed are 'ror use with band type hangers only. ror pome loadies*

ancrease page lluckneu and lergth. Men shields are wird with,vouers shield isngths shallbe
arrressed to keep rollieg point or contact within the nuddle one thsd or the shield lengtlL'

.

.

*
~ -

.

, .

f3 .

V 18. GLASS PIPING
19.2 Support spacing shall be based on the

18.1 Hangers shall be provided with pads or manufacturer's recommendations for the ser-
cushions on the bearing surfaces to prevent vice conditions,

scratching the pipe: De hangers shall fit 19.3
* loosely around the pipe yet contact it through Flexible plastic tubing or rigid plastic

the pads or cushions in a manner to distribute pipe operating at temperatures high enough to

the load over the largest possible area. Point materially lower its strength, shall be supported

loading shall be avoided. The system of hangers continuously by metal angles or channels and
.special hangers.

shall be designed with the least practical num-
ber of rigid anchor points. Supports for verti.

20. FIBERGLASS REINFORCED PIPE (FRP)cal piping and all anchors shall be as recom-
mended by the pipe manufacturer.

20.1 De size of hanger shall be suitable for

18.2 llangers shall be placed approximately *

one foot from each side of fittings or cou-
plings. At Icast two hangers shall be used for 20.2 Support spacing shall be based on the

exh 10-foot (3.0m) section. manufacturer's recommendations for the scr-
vice condition.

19. PLASTIC PIPING 20.3 FRP should not be point loaded and
all shields and hangers in contact with the

19.1 Rigid plastic piping normally shall pipe shall be free of burrs. A suitable rubber
be supported by the same type of hangers or other pliable material is recommended
used with steel pipe.

O
. for a liner in the hanger.

.y.

.

l
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t.lST OF MSS STANDARD PR ACTICES
.

, - a' .
. ., .

NUMBER -
~

M.
,

SP 61974
Standard Finistles for Contact Faces of Pipe Flanhes and Connecting End

.

) : ., *

Flanges of Valves and Fittings. @* SP. 91970, ,
. *

Spot Facing for Bronze, Iron and Steel Flanges
SP 25-1964; Standard Marking System for Valves, Fittings, Flanges and Unions
SP 421959'c 150 lb. Corrosion Resistant Cast Flanged Valves

- : .-

SP 431971 - Wrought Stain! css Steel Butt Welding Fittings*

SP 44-1975' , Steel Pipe Line Flanges. @
-

- - -'

SP 45-1971:
Bypass and Drain Connection Standard (formerly SP 5 and SP 28)

SP-51 1957
' 150 lb. Corrosion Resistant Cast Flanges and Flanged Fittings

-

(R 1965) ,
SP 531971

Ouality Standard for Steel Castings - Dry Particle Magnetic inspection
Method

SP 541971
Quality Standard for Steel Castings - Radiographic inspection Method

SP 55-1971 Quality Standard for Steel Castings - Visual Method
(R 1975)

SP 58-1975
Pipe Hangers and Supports - Materials, Design and Manufacture @

,
'

SP-60-1969
Connecting Flange Joint Between Tapping S!ceves and Tapping ValvesSP-61 1961. Hydrostatic Testing of Steet Valves ,

SP 65-1902
High Piessure Chemical Industry Flanges and Threaded Stubs for Use

(R 1968) ~ with Lens Gaskets .. ., .. ,. .

SP 671976

Pipe Hangers and Su@pports - Selection and Application
Butterfly Valves'

'SP 69-1976
@ h.SP 70-1970 Cast iron Gate Valves, Flanged and Threaded Ends

SP 71 1970 Cast Iron Swing Check Valves, Flanged and Threaded Ends
SP-721970

Ball Valves with Flanged or Butt Welding Ends for General Service
-

SP 731970
Silver Brazing Joinis for Wrought and Cast Solder Joint FittingsSP 751973
Specification for High Test Wrought Welding Fittings t

SP 76-1970
Malleable Iron Threaded Pipe Unions - 150,250, and 300 lb. i

SP 771971
Guidelines for Pipe Support Contractual Relationships

SP 781972 Cast iron Plug Valves
SP 791974 Socket Welding Reducer Inser ts @SP 80-1974

Bronze Gate, Globe, Angle and Check Valves @SP 811975
Stainless Stee!, Bonnettess, Flanged, Wafer, Knife Gate Valves @SP 82-1976 Valve Pressure Testing Methods @

@ Metric Units included
.

.

R Year - Indicates year standard
reatfirmed without sub- 1Prices available upon request, stantive change

{
A large number of former MSS Standard Practices have been approved by the ANSI as
ANSI Standards. In order to maintain a single source of authoritative information, the
MSS withdraws its Standard Practices when they are approved as ANSI Standards., 1

* MSS SP 6G 1964 Pressure Temperature Ratings for Steel Dutt Welding End Wives, has
been otticially withdrawn from publication in favor of ANSI

816.34 1973. However,
due to timelag in piping construction. copies will remain available from the MSS offece.

MANUF ACTU9tRS STANGARot2AttoN SoCitTY OF THE VALVE AND FITTINGS INDUSTRY1815 NORTH FORT MYER oRivE
ARLINGTON, VA. 22209

4
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!
0

'

more before it breaks). The procedures are not applicable to I,

brittle materials such as cast iron. fl .

:I
-

p
5 t-(2) The design procedures are applicable to operating temperatures such

.

1,ythat time-dependent phenomena (for example, creep at high tempera- '

turres)arenotsignificant. The design procedures are not,'or I
.,

I example, applicable to a ferritic steel structure that operates at '
,.

900 F. I'i
ei .

|
., .,

* *
.t

\
|e,

(3) The design procedures give allowable stresses for base materials, i'

'

not weld materials or weldments. However, the welding procedures i $' ' , , , , ' , and qualifications are such that the basic properties of the weld-
| .4

-

ment (yield strength, ultimate tensile strength, and ductility) are (*-i ,<1
'-

.

i at least as good as the base materials. ,

,. ,

*.
.

, *

(4) The design procedures do not provide for severe environmental '

;
*

"

effects such as stress-corrosion cracking.i '

.
'

s'.

1 . . .

' ,

2.1 ASME Code, '

.

The ASME Code gives rules for the construction of pumps, valves, and piping, ,
,,

under subsections Mi for Class 1 fiC for Class 2, and fl0 for Class 3. The 'f'
rules under these substections are intended to ensure the integrity of the

I '' , ' . pressure boundary, but not operability or functional capability. Under these<
',

,''

rules, yielding of the material is permitted *, provided that the yleiding does '
,

,''

not cause leakage through or rupture of the pressure boundary.
4 ,,

i.. .| ,'
h

Since 1974, the ASME Code has included Subsection fiF, which gives rules for * T.*
, . , ,..

,

.3,* ,

component supports. The subsectiere fiF design approach is related to that of '

h, ,

e'I 's the construction of steel buildings, it is based on the prevention of ex-
I '* { f 'p '

|

$.$ i. cessive deformations; yielding is a primary consideration,
'

di,

j,

s.< ,
, ',

;y Srh.,,i* Deformation limits, if any are necessary, must be included in the Design\p. -

.

*h*1
, ,.ppecification. These may impose limits on the amount of yielding.

,
,

,,
a; ,.

,'J,',.*t
'

'or .;,$"', ,.g .j', , .,

,' i
, , ,

' . ' '
8

: |

!

.
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The ASME Code does not rule on which loading is considered to be in which # '

category of loading, nor does it d:termine what combinations of loads should,

be in the various Code categories,- These determinations are, in effect, ,'
established by MC (for example, Regulatory Guide 1.48, " Design limits and '

-

,.

loading Combinations for Seismic Category 1 Fluid Systems Components" [3]). )4. ,

An important consideration is whether a component is essential to obtain safe
.

shutdown and whether it is active or passive. As a specific example, consider J ' ;--

.

'

, t, a PWR plant in which the main feedwater pumps (and/or the building in which (,
'

they are located) are not designed to withstand the SSE. In principle, the (
'

- main feedwater pumps could become useless following the SSE. The NRC requires y'
, ' , that auxiliary feedwater pumps and their buildings be designed to withstand

the SSE. These auxiliary feedwater pumps are considered as " essential" for t, ,

safe shutdown. Further, they are " active" because they must operate following U
-

the SSE. Their normal function is to operate during and following various I'$,

'accident conditions including SSE. Accordingly, Regulatory Guide 1.48 [3]-
-

,

suggests that the auxiliary feedwater pumps be designed to level B limits, not ;,

' Level D. '

9

2.2 AISC Manual j,

r. '
,

,

The AISC Manual is significant to this report because support structures in y
operating nuclear power plants and those that are to operate in the near

-{
future were designed before the development of ASME Subsection NF, " Component

{*Suppo rt s. " They were designed according to the AISC Manual.
.

-

,

The AISC Manual is much simpler than the ASME Code in the sense that .it has no '

,
,

" classes," or " Categories of loadings / Limits." However, it does contain one ,,

provision which is crudely analogous to the ASME Code loading / Limits Level 0. N
:J -

That provision is contained in Par.1.5.6 of the AISC specification for the , j'
*

Design, Fabrication, and Erection of Structural Steel for Buildings (included k.',
'

in the AISC Manual). Par.1.5.6 states, in ef fect, that allowable stresses ^

may be increased by one-third in evaluating calculated stress produced by .N.
earthquake loadings combined with " normal" loadings. .i

,

.

,(
s.r: , y,

,' ' (% .
4

'

'hlj
'

. ,';i j '

p,f
-

N
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1,Vf
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|
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.
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>

'* ' In following portions of this report, we will discuss the relevance of the |
,

AISC Manual rules to Seismic Margins. We refer to the AISC Manual allowable .

stresses without the one-third increase as " basic allowable stresses;" those k
' 'Iwith the one-third increase are referred to as " seismic" allowable !, tresses.,
. .,

U,
*

.,
,

. .

f.In contrast to the ASME' Code Subsections NB, NC, and ND, which are concerned '

,- s

with pressure boundary integrity, the AISC Manual rules are directed toward ,6
y.

.

../. structural stability. This concern is appropriate for supports where, of Vi|
- 9
,*t.~ course, there is no pressure boundary. 1

D
,

p .i y
'

. . .
* ;..i ASME Code Subsection NF, " Component Supports," follows rather closely the .,

'

.

design philosophy of the AISC Manual. Indeed, much of the detailed guidance i!''
,,.

8
i's identical to that given in the AISC Manual. Because the AISC Manual was ;

developed solely for room temperature applications and covers a limited range 'l
^

| of materials, NRC has provided additional guidance in Regulatory Guides 1.124
'

[4] and 1.130 [5]. J
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4 CONCRETE ANCHOR BOLTS,

-

,,i
A major aspect of seismic capability of pumps, valves, and piping is to assure ').,'

that they are adequately held to the building st,ructure. For pumps, this j

involves hold-down bolts. For piping, supports 'such as hangers are involved. '"
,

.j
4'

,. Valves are usually supported by the attached piping; hence, piping supports ' ,5-
..

'', are significant to valves. f,,I
- -

.

,,

,. 'l f8

,h.. ' . Bolting connections to concrete can be made either by installing the bolts .''. .

'beforepouringtheconcreteorbydrillingaholeintheconcreteand Q
d' . U *

d '. inserting an anchor bolt. ,b
'

.

. ,. - ,,

, .'''y .~.
,f., '. Bolts installed before the concrete is poured have not produced any known

j.)). field-installationproblems. The embedded ends of the' bolts can be hooked or , '- g
'

r.. installed with large washers; thereby, the tensile and shear strength of '4
+

h ,, bolting like SA-307 grade 8 can be developed. However, anchor bolts installed *
,

.

4' ' after pouring the concrete have given field-installation problems, and the NRC #

-Q 4
.

' '' / p, IE Bulletin 79-02 [6] was issued to address the problems. !'
.

I
4 '

,

! { Considerable skill and care in the installation process are required to con- '

'' sistantly ohi tin anchor bolts that, as installed, develop the tensile and .

shear strength indicated by Manufacturers' catalogs.,,

, '| ' -

:
1

References (7] and [8] are two racent ASME publications concerning anchor
.

,

1

bolts. The data given in Reference [9] have been abstracted in Appendix B to *,

.-.

l this report. from our review of Reference [9] data, it appears that (with *

one exception *) the tensile and shear, strength of anchor bolts given in *

..

Manufacturers' catalogs can, with appropriate skill and care, be achieved in
,

,

. field installations.i.)
*

, ' . -.

t' I Manufacturers commonly reconnend (1) that design loads for anchor bolts should .
, . . .g ,

,,

,4, . 3 * not exceed one-quarter of the manufacturer's tensile or shear strength, and
i **

*'

.) |
.

.%, .-
-

. -

;., g--

.. b - .

76 ''.? * Discussed in Appendix B. , ,
-

t i
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'
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* .(2) that a linear interpolation should be used for combinations of tension and-

,, ,

shear. If the reconmendation is used for both SSE and OBE and associated 4..

.
loaiings, the average Nominal Margin would be 4.0. However, this Nominal '! "*

4'! Margin is not the same as the Nominal Margins for allowable stresses; these 6'
.

are related to minimum rMterial properties, whereas the Nominai Margin of 4.0 h<-
|

. r .'

| ', ..] .,, is related to average strengths. gg
'V7

- .

C*

l i I' ' .., Judging from the data given in Reference [9], there is a substantial scatter . h.
.

-
,

:- .j
1.hof data above and below the average, even though all of these results presun-'' '' ' .

i ., .-,4

{#+ ably come from tests where skill and care had been used in the installations.'

g
!T , The statistical evaluation described in Appendix B indicates that if design 'l'
i k

'T|' loads are taken as one-quarter of average loads, the probability of failure at " -[
in

{t' the design load is ,less than 0.001, provided the expansion anchor bolts are pf'

|3 d- installed with skill and care at least equivalent to that used in preparing ; h
s ... .' '

,j the' test installations. p;.
-
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.

''
. .. The results of our statistical evaluation are summarized in the followinge

i

-[ tabulation.
i

':

' Type of Data .. <

Load Base Avg. o Avg.-2' * ,,

. <
*

Tension TES only 0.9904 0.1904 0.6096 ;' ,*

Mfr only 0.8638 0.2403 0.3832 i

Both 0.9421 0.2196 0.5029
Shear TES only 0.9672 0.1467 0.6738

Mfr only 1.0809 0.3368 0.4072
Both 1.0226 0.2657 0.4912 ,

,44

.

With the assumed normal distribution, the ratio of " Avg.-2 " corresponds to a ; .;
probability of failure below that load ratio of 0.023. For design loads based ~.

on 1/4 of average loads, the probability of failure at the design load is less g.

than 0.001. Of course, this depends upon skill and care in installation that I

'

is at Icast equivalent to that used by TES and the manufacturers in conducting
their tests. As in most aspects of constructing a nuclear power plant, lack
of skill and care could lead to higher failure probabilities. i

*
|

! i ,

Equivalent Bolt Stresses I

.

To correlate allowable loads on anchor bolts with allowable stresses in the ,

bolts, it is informative to express the allowable loads on the anchor bolts as |
~ ' '

stresses in the bolts. This is simply done by dividing the loads by the
,
'

cross-sectional area of the bolts. The bolt stresses 50 derived are shown in i

! Table 83.

I

Bolt stresses, at average failure loads, are: ;*
,

., i

1. .

. [* '
'

Type of Bolt Stress, ksi * , . '
'

Load Max Min Avg
.f '

| Tension 58.6 8.3 30.65 ",.
*

' g|'I Shear 84 .8 25.4 46.49'
i

',j.-
'**

,
.

,*
q

.8 ~L.*.di*
. . .

f. = - :,

i * , s. *. f' '..<i*
..

4 1 '.' ?#

; i ' fra B.8 Aj"4

-

,1s
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* TABLE B3. TES AVERACE LOADS EXPRESSED AS BOLT STRESSES

Bolt Stress (ksi) at TES Average Load
. Tom. Type of*

size in (a) Load A B C D E F G H I | J K

32.2 39.3 ---- - - - --- '----1/4 .03182 Tensica - - - ---

42.484.8Shear ---- ---- --- ---------- --- ----

3/8 .07749 Tension 47.1 ' 45.6 - 33.6 --- 18.4 ---- ---- ---

40.7Shear 51.6 - 41.0 52.3 ---- =--- -

1/2 1419 Tension 37.0 28.7 ---- 26.8 38.2 8.3 41.2 19.5 49.9 41.7.

- Shear
~

49.3 40.5 56.9 47.2 25.4 47.4 44.0 56.4 42.3-- ---

26.4 58.6 24.3ca 5/8 2260 Tension 44.2 45.4 23.8 31.0 34.8 13.1 ----
.

E Shear 50.9 58.6 44.2 60.2 50.9 26.8 36.4 54.2 33.2

3/4 3345 Tension 28.4 30.3 22.7 28.2 27.2 29.1 31.4 16.2 26.2 22.7.

Shear 53.1 41.9 47.1 59.4 45.6 47.6 41.1 54.9 39.5 40.4

21.6 - 25.77/8 .4617 Tension 35.2 29.0 ---- ------- ---- ---

44.0 52.0Shear 24.6 42.2 - - - - --- --

1 .6057 Tension 39.3 - 30.4 31.4 20.9 36.9 ----

-45.4 37.1 31.4 68.1Shear - 66.0 ----- - -

1-1/4 .9691 Tension 28.9 21.9 17.3 -- - -- ------- ---

Shear 46.4 33.6 --- 39.7 ---- - --- ---

(a) A = Tensile stress area, = 0.7854 [D-0.9743/n] , D = nominal bolt size, n = threads per inch (UNC-series).b

.

d
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1:. can be seen that the anchor bolts develop:d tension loads about equal tos..

.'
tht. yield strcngth of SA-307 Grade B bolts, llowev:r, for shear loading, if we

.
,

t

assume that sh:ar failure occurs at 'about 0.6 times the tensile strength, the 1, ' '

bolt stresses are greater than the capacity of SA-307 Grade B bolts, for which
0.65u = 36 ksi.

.

The bolt materials used with the anchor bolts are not described in the TES
Report. They were presumably materials with tensile properties Ine SA-193

,

*
-

Grade B7; 125,000 psi minimum ultimate tensile strength, 100,000 psi minimum
yield strength, in shear, the maximum bolt stress is up to 84.8 ksi (1/4 inch
,GroupE). Presumably, in this particular test the failure consisted of a

~

shear failure of the bolt (unfortunately, the TES report does not describe the -

type of failures). If so, and if shear failures occur at 0.6 Su, then the },, *
,

bolt mater 131 Su was about 84.8/0.6 = 141 ksi. Of course, part of the '

resistance to shear may have been due to friction between the fixture and the
concrete pad.

.

These aspects bring out the point that the bolt material itself can. be a sig-
nificant aspect of the strength of , expansion anchor bolts. To obtain some'of
the high shear strengths given in manufacturer's catalog, the bolt material
must itself be high strength. Care must be taken that a lower strength bolt

,

e* '.
material like SA-307 Grade B is not inadvertently used.

, , ,

.

Combined Tension and Shear |' , ,

e

f or combination of Tension and 5 hear loads, the usual practice is to apply the
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RESPONSE TO NRC QUESTIONS OF
MEETING OF AUGUST 8-9 and August 23, 1984

A. U-bolt Cinching -

a) Provide additional justification for the assessment
that strain rolaxation of the U-bolt coasos as the U-bolt stress
reduces to approximately 1/2 of the yield strength.
Justification should be provided as additional data and also
provide actual properties of the U-bolt material employed.

There is scant, if any, data available on strain relaxation
proporties of SA-36 matorial. Some relevant data is reported in

ASTM DS60 " Compilation of Stress-Relaxation Data for Engineering

Alloys," for material having the same composition as SA-36 steel

(note that this reference doos not montion the material
designation). The ASTM material specification for A-36 is
presented as Exhibit A1. Also included as Exhibit A2 are the
partinent portions of ASTM DS60 which provido data for forritic

steels having chemical composition and physical proporties

similar to but varying to different degrees from those of A-36.
Also provided are the definitions given in DS60, which are

relevant to the quantion of what causos relaxation and whether
croop is important. Unfortunately not much data is availablo *

directly at the temperaturus of interest, i.e., loss than 500 F
although considerable information may be inferred from the data

at the higher temperaturos as will be discussed lator. In fact,

only materials 2 and 25 have data at room temperature. Natorial

2 has the proper chemical composition but its physical proporties
are sigr.ificantly different from those of A-36. Material 25 has
physical proporties similar to A-36 but does not quito moot all

L_______________________ - - - - - - - - - - - -
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of the chemical specifications. Figure Al shows the stress

strain curve of material 25 at various temperatures within our
range of interest, i.e. Loss 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. noneyclic. For the matorial to relax,

plastichtrainisrequired. Ferritic stools like A-36 exhibit a

well defined proportional limit at which plastic strain begins.
The yield strengths of those materials are given at the 0.1% or

0.2% elastic strain offsot (in general it is the latter, although
for material 25 the former is used). In figuro Al the details of

the stress strain curve betwoon the proportional limit and the
yield point are not shown. Frou that figuro, if the material is

. .

strained below the proportional limit no matorial relaxation will
Strains in excons of the proportional limit wili~rosultoccur.

in relaxation, the amount of relaxation being proportional to the,
amount of plastic strain (or volume of material that has

yioided). At room temperature the strain corresponding to the
proportional limit is about 0.075 porcont. At that loval of

initial strain, thorofore, little or no relaxation nhould be

expected. Figuro A4, developed using the information on Material

25 of ASTM DS60, shows that the relaxation is negligihlo. At

532 F, tho strain corresponding to the proportional limit point
.

is 0.065 porcent. Since the material 25 has boon strained to
.075% relaxation should bo expoetod. Moreover, the honting of

the material from room temperature to 532 F and the return to0
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room temperature contributes 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

o'f a portion oh 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 . c-
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 (see p. 27). 'As figure A2 shows
'

a material which is strained to or above the proporEIonal limit
will lose load at constant strain simply as a result of the lower
yield strength at temperature and the''hig'ner modulus-of 6

elasticity at room temperature than at temperature. ~Thus, if
material 25 had been strained to yield at 5d2'F;-dpon its return

,

to room temperature it could exhibit 35 percent of its initial I'
. %,

~.. ?

stress. This would occur upon return to r6bm temperature .? '
t ,.

bregardless of whether " material" relaxatiodeoccurs. If the %'
-

material is maintained at tempdrature, loaded for su,fficient,
_

*

time, material relaxation would also occur.'i,This can 17td~to an . ;
additional 15-20 percent loss of load. However, for the '~1atter

7 " *
-

.

time is needed to redistribute the 1 Bad. Although we do3Tht kno'w'
,

for a fact, it is fairly'ebvious Erat the material ' relaxation '

. , s

characteristics of material 25 at 532 F.must have~ been: determined '

~ -
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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 i~ndeed the-case.

If the applied l'oad 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 relaxatien, it must he

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 mat'erials 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 los 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
I vastly different. Figure A8 (reference 5) shows that stress

strain curve for ferritic steel under reversing constant

.. .

.
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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 A10 (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 A9. 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 about 15 percent lower
than the monotonic proportional limit. However, if the cyclic is

o,e of relatively large strain reversal (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
f ferritic steels like SA-36 and austenitic stee's like SA-304.
l

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.

| -
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-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 below 1/2(y, the amount of

relaxation is minor.
.

Material relaxation, however, is only one of the parameters

of interest in the overall relaxation c.f the U-bolt assembly.

Relaxation of the assembly preload can be due to a combination of

material relaxation and other mechanical relaxation phenomena

that may manifest themselves duri'1g the various loading cycles,

such as wear, local yielding with load redistribution, etc. *

It is difficult 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, although it is impossible to tell how quickly it wi'll'

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 estimate 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

'
,
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relaxation could occur when the shank of the U-bolt is, stressed
to a maximum str.ess of 1/2 yield strength. At such loads th'ere

'

are portions, however small, of t,he assembly which experience

higher stresses and can in fact be at yield. These regions are
.

shown in Figure A12 as points A, B, C, D and E.- Points A, B and
4

C yield at the outer fibers when the U-bolt is cinched up and
preloaded to belatively 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
t

,

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 shank is equal to 1/2 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 lbs., which gives a threaded area

stress in excess of 1/2 of yield, i.e., 23,820 psi. However, as

figure A13 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 5/8 inch thick with six
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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

?relaxat.on that it can experience can be estimated using figure,

|
2, suggested by M.J. Manjoine. This additional threaded material

i 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.

#

3.25

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 during 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
!

j 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.
|

I
i

,, e -e r , ,-w, r-, ---r- , , ,,-,c ,e-,
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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-

loth 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 the 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 before 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

i

and 4,409 lbs.) 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 at 91.4 there is a preload induced by the difference in
i-

! thermal expansion between the stainless steel pipe and the carbon
1

r

i

I

^

-- - _. . _ . . _ _ _ - --
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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 lbs. corresponds to a stress 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 lbs.
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,

I

within the nut, and hence little, if any, relaxation should be
exhibited.
.

The strains after the creep test were measured to be 281 and
i

! 276 microstrains respectively corresponding to an average load of
|

3,567 lbs.

|

|
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The drop.in load of approximately 39 lbs. is 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 lbs. 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 lbs. 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 lbs. 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 lbs. (50 ft. Ib. torque) in maximum load

experienced by the U-bolt of approximately 6,100 lbs., 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 lb. 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
I A4. As seen in the Exhibit, the actual load applied to the U-

bolt was in excess of 10,000 lbs during the peak portion of the

| cycle and initially in excess of 8,600 lbs. during the pull
1

portion of the cycle. On the average the force seen by the U-

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

l

. . - .
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more than 8,600 lbs. plus preload of 4,484 lbs. ) which would have
l

resulted in a stress in the thread area of about 19,800 lbs.
.

- 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 A5), and which resulted in an

average loss of preload equal to 640 lbs, 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
I

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

further relaxation is most likely due to accumulated strain over

._.
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6the more than-lO 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,
~

I

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 U-bolt can experience some
~

,

plasticity in the transition 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 fu11' external,

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 particu2 ar 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.

i

4

.

b) Provide more information as to why creep of the U-bolt
should not-be a consideration, considering the result for'the 4-
inch pipe. Provide material of U-bolt nut. Include _ explanation

' on effect of different ambient temperatures on loss'of preload
shown by this test.

'

.

>
.
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Relative to the possibility of creep phenomena existing in
the U-bolt, the maximum temperatures measured for each of the

.

three test specimens, during the Creep Test are listed below. It

is to be noted that the temperature in the U-bolt varied along
its length.

4-inch specimen

Pipe temperature: 560 F
U-bolt temperature: 445 Fg
Nut temperature: 340 F

10-inch specimen

Pipe temperature: 250 F
U-bolt temperature: 150 F
Nut temperature: 140 F

32-inch specimen

Pipe temperature: 560 F
U-bolt temperature: 350 FgNut temperature: 170 F

Also note that all three U-bolts are SA-36 Carbon Steel.
Reference 2 suggests a temperature of 752 F (400 C, 673 K) as the
minimum used for creep tests performed for carbon steels. Finite

creep is not discernable in carbon steels at temperatures lower,
than this. Figure A7 (from reference 4) further confirms this.

'

Reference 3 defines the temperature below which self-diffusion is

too slow to influence creep as approximately one-half of a

metal's absolute melting temperature. The absolute melting

temperature for SA-36 carbon steel is in excess of 1366 K

(1093 C, 2000 F). Similarly, reference 4 defines the temperature
below which creep is not discernable as 0.4 Tm (Tm metal absolute

melting temperature) which would correspond to 524 F.
,

_- -
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Based on the fact that none of the U-bolt temperatures

exceeded 500 F it can be concluded that no finite creep occurred

in the U-bolts. Since the nut material is ASTM-A563GrA and none

of the temperatures exceeded 340 F, no finite creep occurred in

the nuts. The curve shown in Firgure A3 for ferritic steels like

SA-36, and Figure A7, taken from reference 4 for austenitic

steel, confirms that relaxation is not due to creep until

temperatures of approximately 800 F are available.

The small decrease in U-bolt preload experienced during the

test, of the 4 inch sch 160 pipe is believed to be a result of

relaxation as explained in the answer above.

Based on the above, and test results obtained, it is

concluded that none of the U-bolt test specimens were subject to
creep phenomena during the Creep Test.

The explanation of the ef fect on the loss of preload from

the different ambient temperatures is given in the answer to the

preceding question, namely the higher ambient temperature at the

end of the test would have the effect of underestimating the los,s
of preload by about 45 lbs.

c) What is the thickness of the backing plate for the 4"
pipe - U-bolt configuration?

The thickness of the backing plate is 3/4 of an inch. The

drawing provided was a poor copy where the copying has resulted

; in a 3 looking like a 1. Enclosed (Enclosure Al) is a better
copy of the drawing reflecting the 3/4 inch thickness.

!

!

!

l
!

, .
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d) Clarify the statement made in the opening remarks-

regarding the 32" pipe on page 42 of Attachment 3 to the
Affidavit.

.

The statement as written: "The stresses measured in the

test and calculated for the 32" pipe, cross piece and U-bolt are

comparable." was not meant to state that the magnitude of the-

stresses calculated or measured were comparable numerically. It

is quite obvious from the 32 inch pipe test data that the data

scatter would make such comparison questionable. It simply meant

that the very low stresses calculated by finite element analysis
were confirmed to be low by test.

e) Verify that stresses in the pipe would still be
acceptable if one had used the C indices rather than the B
indices of the Code on p. 54 and following of the Affidavit.

This question refers to the effect on the pipe stress'4

intensities that would be computed, had the piping moment

stresses been computed utilizing the C indices (Class 2 and 3)

rather than B indices (Class I).

The effect of ASME Class 2 and 3 rules on the piping
,

stresses has been discussed in the affidavit on pages 63 to 66.

On page 65 of the affidavit, a comparison is made in Tables L and
1

M of the deadweight and seismic (Equation 9 - Class 1 rules) and

the thermal (Equation 12 - Class 1 rules) piping moment stresses

developed using Class 1 and Class 2/3 stress indices.

~

-
- , r
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The changes in stress indicated by the results reported in

1these tables are given below (Table A ). Note that a positive
.

value implies an increase in stress, and a negative sign a

decrease in stress if Class 2/3 rules are used.
.

TABLE A

. CHANGE IN PIPE STRESS
t

4

CHANGE IN STRESS (KSI)

DEADWEIGHT +
PIPE SIZE MATERIAL SEISMIC THERMAL

4" SCH 160 Stainless 2.15 4.01
10" SCH 40 Stainless 2.55 0.07
10" SCH 80 Carbon 1.97 -2.86
32" MS Carbon 2.49 -0.32

The results of this change on the stress intensities calculated

using Class 2/3 rules is given below (Tables B and C1). These

tables can be compared to Tables H and I given on page 60 of the
Affidavit.1

.

.

. - v
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TABLE B

TOTAL PIPE STRESS INTENSITY ,
.

PRELOAD APPLIED TOTAL STRESS
PIPE SIZE TOROUE STRUT LOAD INTENSITY

4" SCH 160 60 ft/lbs 2,000 lbs 70.3 ksi
10" SCH 40S 100 ft/lbs 10,000 lbs 7 6.83 ksi
10" SCH 80 100 ft/lbs 10,000 lbs 53.80 ksi
32" MS 24G ft/lbs 100,000 lbs 49.34 ksi

I
TABLE C

MAXIMUM PRIMARY AND SECONDARY STRESS INTENSITIES

EQ. 9 EO. 9 EO. 12 EO. 12
PRIME STRESS ALLOWABLE SECONDARY ALLOWABLE

PIPE SIZE INTENSITY

(KSI) (KSI) (KSI) (KSI)

4" SCH 160 33.75 50.52 36.55 50.52
10" SCH 40s 63.16 60.00 13.67 60.00
10" SCH 80 40.12 60.00 13.68 60.00
32" MS 33.06 58.26 16.28 58.26

.

With the exception of Equation 9 for the 10" SCH 40S pipe size,

all of the pipes evaluated meet the Equation 9 and Equation 12

allowables. The Equation 9 stresses reported for the 10" SCH 40S

,ipe are conservative since:p

1. The pipe stress includes the secondary stress due to
,

pressure pipe growth restriction.
,

_
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2. A higher stress push load is used than seen by-the

Comanche Peak 10" U-bolt supports.
.

3. A higher mechanical primary pipe moment stress is used

than seen by the 10" Comanche Peak pipes.

The significance of esch of these items is given below:

'
l. The total circumferential pressure stress from the

computer analysis is 10.51 ksi. The circumferential

pipe stress due to pressure is 8.84 ksi. The secondary

pressure stress is 10.51 - 8.84 = 1.67 ksi, which is
.

presently included as primary stress.

2. The largest U-bolt strut load as determined from -ITT

Grinnell U-bolts loads is 8,585 pounds. In the

evaluation, a 10,000 load was used. This is equivalent

to a 2 ksi reduction in pipe stress.

(72.71) - 58.59 [1- ( 8585 ) ] = 2.0 ksi=

10,000

3. On pages 61 and 62 of the affidavit, a comparison is

made between the primary piping moment stresses used in
~

the U-bolt evaluation to actua1 randoml-f selected -

,

computer piping analysis stresses. From Table J of the

affidavit, it can be seen that the mechanical primary

pipe moment stress used in the U-bolt cinching

evaluation is 3.3 ksi higher, (10.45 - 7.063 = 3.3

ksi)..

.

- --- w -e m w m ,y y
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1Adjusting the 10" SCH 40S stress intensities given in Table C to

remove the conservatisms discussed above results in a primary
.

stress intensity value of 56.19 ksi. Note that without

consideration of item 3, 3.3 ksi, the primary stress intensity

value is 59.49 ksi'and is still below the allowable stress. The

secondary stress intensity if 15.34 ksi. Thus, the 10" SCH 40S
.

1 pipe is within the acceptable limits of 60.0 ksi for primary and
;

secondary stress.

f) Provide an example of how the total value of stress
intensity can be obtained from the finite element results and how
the value can be divided into equation (9) and equation (12)
stress intensities.

4

The easiest way to show how the stress intensity is obtained
is to refer to the figure VII-2 of Attachment 3 of the Affidavit.

which defines it as the maximum of either the absolute difference
between the major principal stress or minor principal stress and

zero or the algebraic difference of the two principal stresses,
i

and to apply this figure to an actual example. The example

chosen is the 4" sch 160 pipe. For the elements hering the4 *

! largest circumferential and longitudinal stresses, the finite

element analyses determined that the principal stresses are
!
i

virtually identical to the circumferential and longitudinal
i

| stresses (see Attachment 3 of Affidavit at page 57). The

longitudinal, circumferential, major and minor principal stresses

for.the highest stressed piping element of the 4" sch 160 pipe
;

___ . _ , , _ , _ _- . _ , , - -- , - -> - ''' -' e
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are given for both the inside and outside surfaces and for the

maximum load case in the table of p. 58 of Attachment 3 to the
.

Affidavit. These values are reproduced below:

*

Long. Circum. Princ. Stress (ksi)
Stress Stress Major Minor
(ksi) (ksi)

4" sch 160 inside 10.49 44.79 44.78 10.50
outside -26.65 -34.07 -26.63 -34.08

where the negative sign denotes compressive stresses.

A confirmation of the max. circumferential stress can be
i found in the table of page 71 of Attachment 3 of the Affidavit

for element 627. Note that on that table, there is no

distinction regarding the surface at which the maximum stresses

occur. For instance, the 44.79 kai tensile circumferential

stress occurs on the inside surface, while the -26.65 ksi

compressive longitudinal stress occurs on the outside surface of

element 627. To the local stresses computed by the finite

element analysis one must add the longitudinal equation 9i

'

pressure and piping moment stresses. Th'ese are available from -

the table on page 56 of attachment 3 of the Affidavit. They are:

I

.

!

'

,

'

.

'
_,
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. Longitudinal Pressure Stress; 4.8 ksi

EQ. 9 Piping Moment Stress- + 12.146 kai
.

EQ. 12 Piping Moment Stress + 22.49 ksi
.

Adding the longitudindi pressure to the stresses previously

tabulated we obtain

Principal Stresses

!!a j or Minor
(Circumferential) (Longitudinal)

4" sch 160 Inside 44.79 15.29
Outside -34.07 -21.85

To add the piping moment stresses to the longitudinal (minor

principal) stresses, we choose the sign which will produce the

largest stress intensity.

This-is seen in a Mohr circule depicted in Figure A14, where

inside surface stresses are used.

Thus, the total stress intensity is given by 44.79- (-19.346) =

64.136 ksi, which is the total stress intensity given on page 59

of Attachment 3 of the Affidavit or in table H of page 60 of the

Affidavit.

For comparison purposes, the stress intensity derived for

the outside surface is:

Maj. Princ. (Circumferential) stress = -34.07

Minor Princ. (Longitudinal) stress = -26.63 + 4.8 + 12.146 -

; 22.49 = -567466
:

!

!

I

t
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The max. stress intensity is thus 56.47 ksi.

Using the alternative signs would have produced a stress
.

intensity of 34.07 + 12.8 = 47.5 ksi which is lower.

As shown above, the hlghest stress intensity occurs on the inside
surface.

To determine the primary and secondary stress intensities,

several alternatives are available. The most straightforward
'

determines the primary stress intensity from the principal

primary stresses and derives the secondary stress intensity by
subtraction of the primary from the total. For the example

chosen, we proceed as follows:

(i) The secondary portion of the circumferential stress is

obtained as the stress due to thermal expansion by

subtracting the circumferential stress due to preload,

+ thermal given on page 59 of Attachment 3 of the

Affidavit as -39305 psi, from the circumferential

stress due to preload alone,.which is given in the
.

preceding page as -26091 psi. These occur on the

outside surface. The primary circumferential stress

becomes -34.07 +13.21 = -20.86 ksi.

(ii) The primary longitudinal stress is similarly derived

by considering only the equation 9 piping moment
.

stress, i.e., neglecting the equation 12 stress and

subtracting the difference between the longitudinal

.-
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.

stress due to preload + thermal and that due to

preload only, which equals 6.5 ksi. The longitudinal,

stress thus becomes -21.85 -12.146 + 6.5 = -27.5 ksi..
(iii) Thus, the primary stress intensity is -27.5 ksi and

the secondary stress intensity becomes 56.47 - 27.5 =

28.97 ksi.

Similarly, we obtain the primary and secondary stress

intensities for the inside surface.

(i) Primary circumferential 44.79 - 10.81 = 33.98

(10.81 is the difference between preload + thermal'and

preload only circumferential stresses for the inside

surface and these do not appear in any table, but are

available from the computer output).

(ii) Primary longitudinal = 15.29 + 12.146 - 4.24 = -1.1

where again 4.24 is the difference between the

longitudinal stress due to preload + thermal and that

due to preload only.

Please note that the primary stress intensity is thun
35.1 ksi instead of the value of 31.6 reported on page

59 of the Attachment 3 to the Affidavit.
(iii) The secondary stress intensity then becomes 64.14 -

35.1 = 29.04 ksi instead of the 32.54 ksi reported.

The difference between the numbers here and in the Affidavit

occurred when inadvertently the outside secondary circumferential

stress was subtracted from the inside total circumferential-
!

. stress.+
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g) Define what is meant by partial preload in the tables
Attachment 3 to the Affidavit.

Partial preload refers to a loadi~ng condition in which the*

torque of the U-bolt is a fraction of the maximum torque that is

assumed to be applied,to the U-bolt. For instance, for the 4"

sch 160 pipe U-bolt assembly full preload corresponds to a torque

of 60 ft.-lbs., and partial preload corresponds to a torque of 9.
ft.-lbs.

h) Confirm the location of strain _ gauges S5 and S10 in,

Figure 21 of the Test Report SQ&T-EQT-860 (Attachment 1 of the
Affidavit).

Sketch 5 on p. 58 of Attachment 1 of the Affidavit is in

error. It inadvertently suggests that the same U-bolt strain

gauge identification scheme used for the Torque vs. Preload,

Friction and Load Distribution Tests was used for the Thermal
Cycling and Creep Tests. This was not the case. Since high

temperature strain gauges were required for the Thermal Cycling
and Creep Tests,

.

low temperature gauges that may have been used

for previous tests were removed. The high temperature strain '

gauges were not instrumented to be consistent with the low

temperature gauges. Also, the low temperature gauges were

identified by BLH channel number. When test data for Thermal
~

Cycling and Creep Tests was first received from the lab, the
~~~) strain gauges were identified by serial number ~. Thus, in EQ&T-

EOT-860, the strain gauges used for the Thermal Cycling and Creep

Tests are not identified by the sample S1 through S5 sequence as

- -
. _ _ _ .__ ,_ ,
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in the other tests. Since channel numbers are directly traceable

to serial numbers, any results contained in the test report are,
easily traceable to the appropriate test data.

The high temperature strain gauges as installed for the

Thermal Cycling and Creep Tests are identified on the attached

Figure A15 for each of the U-bolt sizes. The strain gauge on the

three-gauge U-bolt leg that is located 90 from the two other

gauges is not required to monitor U-bolt preload and, therefore,

is not referenced in any of the test results.
*

(i) Correct typo on p. 66 of Test Report

Leg 2 (gauges S4, Sil) should read 3516 instead of 5316
..

; pound's.

i (j) Provide material properties of the U-bolts and nuts used.

The mechanical properties of the U-bolts are as follows:

1/2" U-bolt Sy = 45130, 45290 psi; Su = 63080, 63590 psi

3/4" U-bolt Sy = 44350; Su = 65120 psi

2 3/4" U-bolt Properties not provided by Vendor

Nuts ASTM - A563 GrA.
.

} .

e

*

I
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TEXAS UTILITIES GENERATING COMPANY
. P.O. BOX 1002 . CLEN ROSE. TEXAS 76043 -

'

1

I*

June 8, 1984e

CYGNA. 4
'

job NO : WU T 2
CYGNA Energy Services DME LOGGED: 6 /(1/ & V

' 101 California Street MMtoo go, ,Suite 1000
San Francisco, CA 94111 FILE: yff p wi gg

, , j,g , wj
CROSS REF. FILE "''C*bbf#9.

Attention: Ms. Nancy Williams, Project Manacer
/s) '

SUBJECT: COMANCHE PEAK STEAM ELECTRIC STATION
CYGNA REVIEll QUESTIONS

(Pipe Supports)
.

Reference: 1) May 24, 1984 Telecon Between D. Rencher (TUGCO) and
J. Minichiello (CYGNA)

.

2) May 22, 1984 Telecon Between G. Grace (TUGCO) and
J. Minichiello (CYGNA)

3) May 16, 1984 Telecon Between D. Rencher (TUGCO) and
J. Minichiello (CYGNA)

Dear Ms. Williams:

Enclosed are TUGC0's responses to the above referenced telecons. The May 24th
telecon (Reference 1) is all encompassing. However, the format that we have
used is the following:

All questions that were new as a result of the May 24t.h telecon (Reference 1),~

are numbered 1 through 24. Questions from the May 22nd (Reference 2) and f.ay
16th.(Reference 2) telecons ar'e numbered as they were received originally. All *

CYGNA questions are written with the TUGC0 response following. In addition,
all CYGNA questions contain in parentheses the number referenced to the question
of the May 24th telecon. The quest' ions and answers are in date order starting
from the most recent. Attached to this letter is an index of all the attachmentsthat are referenced in our responses.

.

.;

If there are any fyrther questions, please contact Mr. George Grace (Ext. 500). '

Very truly yours, i

~
RECEIVED H XAS UTILITIES GENERATING COMPANY

ENGINEERING DIVISION

JUN 111984 - g.,

hbNk - NiN bbbb ect g ring Manager
, '

\
1

*

i LMP/GG/lp
__

.

| Attachinents
cc: D. Wade /J. Minichiello/D. Rencher

.. . .._ - - - ..--.- - - - --- - - -- -- .- -
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CYG!R QUESTION (42)

13. MS-1-001-005-S72R, kv. 4, Calc. kv. 3
On vendor certification, Rev.1, Sheet 1, there is a note stating

" Warping of items #3 and #7 as indicated in CMC-59142 not considered or-

approved." Also, sheet 1 of drawing Rev. 4, tbte 3, states items #3
and #7 may not warp. *

,

Were items 3 and 7 removed (after CMC-59142 was not approved) ed
replaced? If not, how does TUEC resolve this position?

.

TUGCO RESPONSE

13. We configuration of stiffening plates on items 3 and 7 were m 1Tr
original design. Hence, when the as-built configuration of the sugurt
was reviewed (the review was performed in the ITI-Providence office),
the designer disallowed warpage and mach a comnent to that effect on
the cover shet.

.

In May,1983, the Safeguards Task Ebece informed D. mncher that some
tube steel warpage had occurred on the MS hargers, and measurenents as
to the extent of warpage were govided. Calculations were prformed to
detemine the effect of this warpage on the structural integrity of the
tube members.

me memo to the ITT-Grinnell mgineering group sumnarized the results
of the calculations (see attachnent K) ard allowed the engineers to
approve slightly warped members. While slight warpage is permissible
on this support, the note was not renoved frm the drawing.

*The measurements were prformed within Ehgineering md rot verified bf
OC at the time.

CYG A QUESTION (43)

14. MS-1-002-004-S72R, Dc3. kv. 2, Calc. Mv. 1.

We pad between the U-bolt and pig failed in SA-4123, but was accepted
by a Rapid Ietter. Please provide the calculation on W11ch the Rapid
Iatter is based.

TUGCO RES M!1SE

14. Initially the curved plate Iten 4 was analyzed as a flat plate with a
cylinder (the U-Bolt) bearing cri it. Case 2a in Ibark 5th Elition
(page 517) was used. mis conservative approach resulted in extremely
high stresses (106807 psi). Rese stresses were far in excess of the
allowable ed hence the egineer initially failed the plate. However,
upon subsequent review it was determined that the abcne approach
neglected several important factors.;

Frczn a practical standpoint m analogy can be made between the contact
stresses produced between a U-Bolt and pad aM those goduced between a
U-Bolt and process pipe. Mast U-Bolts are placa$ in direct contact
~ ith the gocess pipe without a pad. We contact stress between thew

-

V
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U-ibit and pipe produces no bearing problems. Since the wrapper plate
is as thick as the pipe, by comparimn,.there is no bearity problem.
Werefore, no calculations are regaired to cpalify the pad. Ibwever,
an analytical approach can be made to substantiate the above analogy.

,

According to Article 13.1 in Ibark, it can be said that the bearing
stress is highly localiza1 ard triaxial, and can be very high witrout

* pr oducing apparent damage. In our particular situation a reasonable
. anount of deformation may even be beneficial since the contact width

increases, thereby reducing the bearing stress.
,

Since Ej = E2 & 'VI " V2 = .3 from case 2a the contact width

W 3278(2.759
b = 2.15g T = 2.15T 27200000 = 0.39"

Since in 'this particular case we are rot deformation controlled and
scrne localized yieldirg is acceptable, and since the stress cannot
exceed yield without redistributing, the stress will reduce to m

.

acceptable level with a mall increase in contact width.

m sulting contact width:
104881

fp = .9Sy = .9(26950) = 24255 = 32(b)

b = .135"

CYGm CWSTION (44) -

15. MS-1-002-002-S72R, kv. 3, Cale. Bev. 3

a. Joint forces at nodes 2 and 6 were referenced in SA-4284 for the
design of iten 20. me location of tbde 2 in the canputer model
sketch does not corres;x>rd to location of item 20 and node 6 does
not exist in the UDde. Please provide podel md output which have
nodes 2 and 6.

b, 16 calculation were trovided for the evaluation of member stresses
and weld capacities. Bucklirg was not evaluated. If in a
previous revision, please trovide for review,

c. Pbrees used to gaalify base plate shown on Secticn B-B were
different from those town in STRUDL frame output. Ibit locations
asstrned in the analysis were alen different frcm the actual bolt
locations shown on the drawing. Please provide justification for
the as-built design,

d. Ioads used to cpalify through-bolts do not match the S'IMDL frame
output. SA-3662, Rev.1, does not show the see values usal in
sheet 4 of 8 of SA-4264. Please provide justification

.
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