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Introduction

In recent yeors, the BRC Office of Bucienr Regpulatory Resenrch has sponsoree
end completed severs!l resentch projects te eveluste nuctiear plent pliping
design procedures for dynemic losds, This resenrch s largely In response to
the recommendeations of the NRC Piping Review Committee, specified In WUNEC
106 Volumes 2, &, ond 5 (Retferences 1-3). The fommittee concluded thet the
piping dynemic Lot desipn criterio and proctices (o8 they existed in the
SIE-IPB0 8) were overiy-conservative, It recommersad simost twenty reguletery
end research scclons that weve Intended to lead to improved dvnamic loed
gesign. This paper will sumsarize the BRC-sponsored resenrch sctivities, for
sore information on the fssves bebhing this research oand 1ts pleanning, the
resder should refer to the KRC Piping Research Progroam Plan (Reference 4).

Pipe Pomping

At the time of the Piping Review Committoe’'s ovaluation (YPR3-1985), improve-
sents to dynemic response coleviations seemed to provide the best alternatives
for reducing unnecesssry conservatioms in the piping design process. Thus »
veriviy of stenderds end resenrch pctivitios addressing enaiyticel response
estimetion technigues were oade. Those involiving the wee of higher damping
velues hove been shown teo be the mest Influentinl, both in & technicel sense
(Reforence 5) and In & regulatory sense. While seversl restrictions have been
sdded, the endorsement of ASKE Code Cose M 411 through Revisions 24 and 25 of
Regulatory Guide 1.84 1s the Committee’'s only recommended regulatory sction
sffecting the seiomic design of piping thet hes been implemented generically.

Until recently, the NRC-sponsored Pipe Domping Study Project ot Idehe Nationael
Engineering Laboratory (INEL) hos been the ssjor research contributer in the
eres of pipe demping. INEL studies (References & throuph 10) supported boih
the devel ent of the PYRC pipe damping criteris (References 11 and 12) ane
fts scceptonce by the NRE,

In sodition, INEL evalusted high frequency pipe demping datas (keference 13)
end propoesed & new demping curve thet in effect raises the PYRE's curve to 33
deeping in the high freguenty regime and extends its range wp to 100 K21, The
PYRE Technical end Steering Committees on Piping Systems endorsed this pro-
posed criterio and recospended that 1t be considered In the ASRE'S revision of
Appendix ¥ (discussed below),

In other tasks, INEL has provided stotisticel descriptions of pipe damping
(eeferents "~ fYor wse In probabilistic studies, and hes evalunted pipe



Gonping In the high strain reyime (Reference '5). The letter stuty helps
Justifying the presise that low estinstes of pipe Gomping ore self correcting.
Thaet s, elthough o poarticvlar piping systen’'s damping sight be lower than
some peneric wvalue wused for design loed levels, wery high comping will be
produced before follure Levels are approsched. I0EL continues to coliect ene
evaluste domping Sate from new Aigh level Gynamic tests of piping systenms.

The ASKE Task Sroup on Demping now (s revising the pipe Camping criterie given
in Appendin & of Section 111 of the ASKE Boller and Pressure Vessel Cooe. This
ehange will supersede Code Cone N4V, A recent EPRI/Bechtel evaluation of the
exinting plipe Mamping doete base (deference 16) wos wede to suppert this
effert, 1t (s hoped thet eventuslly PRegulotery Guide 1.6 con be revised to
reference this hew pipe domping criterio. The NRL steff and IKEL ore following
entd contributing te the ASKE effort,

Independent Support Notion Nethed

The Indepentent Support Motien (16M) eethod 14 weed to estimate dynemic
response for coses where the in-plant response spectra Oiffer for the verious
grovps of supports in & plping system. 1t is supposed to yleld more sccurete
results than conventional enveleope soectre eethoos, end It 1 hoped that the
increesed ensiytical rigor inveolved wovuld be rewerded by lesser raguired
rtesponse sarging.

A specific 1SN procedure was recommended In Volume & of WUREE 106). Kowever
there since have been unresclved guestions sbout f1s wee In conjunction with
Code Loase N 411 ond suppestions that the square-roct -of-the sum-of-the squares
(SR88) procedure be weed in plece of the absolute sum (ARS) procedure for
combining suppert group responses. These 18K fesues hove been resolved for
specific Licensing coses, but not on o generic basis.

Brookhaven National Leberstory (BNL) wes funded to revisit thelir previous 15N
study (Reference Y7) end evaivate the effects of Code Coase N -4V camping, plus
to look Bore comprehensively ot the SRSS versus ABS group summation fasue. The
new BEL study (Roference YB) concluded thet the 16N sethod veed In conjunction
with Code Cose W 41 domping produces relalixe response sargin trends similer
to those seen previously, end that, surprisingly, the 1EN/ER5S procecdure gives
results comparable to the conventiona! enveloped spectra sethod,

The PVYRC Toast Grovup on 16K was chartered to provide industry guidence and has
reviowed the two BNL studiss slong with other resenrch studies (References 19
end 20) end Licensing coses. An lmportant conclusion of the tashk group s thet
how support groups ore defined (s o8 significant o8 what group summation
procedures Bre used. In hindsight, 1t hes been found that BNL's grouping
procedures were inappropriste ond this coused stypleal recuits. Nowever, parts
of References 7 ond 0 are being vsed to support the tesl group’'s recommen
detions, now wnder developeent,

The PVRC Tush Sroup on 1SR has reised ancther point not fully understood when
the Piping BReview Committes mede fts evalustion. That s, the 18K wetroe
should be used for only o very Limited amount of piping anslysis problems,
only those hoving very significant gifferances '/ SUppert grovp 'nput spectre.
The PVRC task group should previoe guidence on the 18X sethod in Y680, 1t s
hoped that this guidence will be ecceptoable to the NED ond eventuslily could be
referenced in Section 3. 9.2 of the Stondard Review Plan,

Clos. .y Spoced and Righ-Frequency Rodes

To sddress resesrch recommended n Volume & of WUREG Y061, BNL hos been
evelusting proposed response spectra technigues to better sccount for closely:
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spaced motes end high-freguency ®odes. A response Secgine study sieiler te
those performed in References 17 and 18 is being performed, but weing enly the
envelope spectre sethod, This preject has untergone both segpinistrative ane
technical setbacks, but 1t now sppears that 1t will be compieted in 1989,

Uncertaintios and Conservetisms in Input Sespoense Spectre

The Piping Review Committes recommented that research tasks be perforemed to
sesess the uncertainty renge of design spectire end to Gevelop & simple specire
brosdening procedure based on eguivelent energy input. ¥hile the seceond tesk
fe no lenger In the WEC's rescarch plom (there 18 et lesst one industry
project in that ares), the acsessment of spectire wntertainty ®ey scen have o
letge ‘mpact on piping gesign.

filrat, the Lawrence Livermere Netionel Leboratory (LLWL) performed @ timited
study (Referance 21) end concluded & 30% bro gening of spectra would be more
spprepriste than the 2 15% velue now specified in Reguistery Guige Y.022.
Bov, the Category 1 Stryctures Progrem s near completion eng 1ts resvity
support the design considgeration eof » lower lower-bound Input spectre
frequency due to Losscof stiffness effects in rectenguler concrete nuclesr
plent bulldinge. Uptuming sctions by the ABCE (Reference 22) and the NRC sttt
could introduce changes that would signifticontly offect future piping systen
Gesign. Assessments of both the regulatery end risk significence of lower
shesr wall stiffness ore now being sece (Reference 23).

Te pleace the censervatism in piping enslysis inte perapective, & Tesponse
sarpine study (Reference 24) wos matde which looked ot the whole earthguale
Gesign process end compared the vesults of various piping design colcvintions
to reslistic best-entimate response predictions, 1t wes shown that consiger:
sbie margin fs Introduced iInte piping selsmic gesipn from arens not explicitly
sddressed in piping enaiysis, The resulls o this stugy will unceudtedly by
referenced In future attempts 1t revise piping snalysie procedures.

Ineleastic Piping Response Prediction

The Piping Review Commitien recomsended that resesrch be conducted to develop
simple estimation wethods tor ineleastic piping cesponse. In sddition to
industry efforts and » few smaller NRC-sponscred projects, the Vestinghouse
Nenford Company gerformed an extensive ev setion (Reference 25) of cendidate
nonl inesr response predgiction sethods. While this hes provided wvelusble
beckgrount inforeation, it is not clear ot this point how these sethods

could be introduced into the Gesign process.

sigh Level Bynasic Piping Tests

The Piping Review Committiee recognised the potential benefit that could come
from improving ASKE Code piping gesign criterin for dynemic losds, but unfer:
tunately insuf“icient dynsmic piping fellure date existed ouring the time of
their eveluntion, The KEL's suppert of the dynamic testing asscciate with the
EPRI/NRC Piping and Fitting Dynemic feliobility Progrem (References 26) (s »
girect result of the Committee’s recommendation to conduct such resesrch.

AL testing wes completed in 1988. forty-one piping component follure tests
were completed by ANCOD Engineers. In sgdition to en esrlier pipe Systew
frepility test (Reference 27), the Energy Tcchnology tngineering Center
ruptured two piping systems weing high seismic-(ike loeds, and one of these
SYstems was retestes, The waterials Chavecterization Laboratery finished
testing over 140 fatigue ratchetting specimens. Also, weterhammer pipe
Systems tests were performed by ANCO Engineers. The test resvits consistently
showed very high resistence te oynemic inertinl loadgs; feilure was produced by



Gyramic losts scaled 15 te 30 times higher than typlcal Sesign va.ves. The
fallure mechanisms wore @iffarent then what wet sesumed when the current ASNE
Code piping Gesipgn rules were Geveloped. That s, piping rupturs was due to
ratehetting ent fatigue effects ond cress-sectionsl collepse €10 not occur

General Electric s now Geveloping o finel propossl for revising the giping
Gynenic lesd stress eriterie glven In Section 111 of the ASME Boller oend
Pressure Vessel Code. Nrw concepts for piping deaipn rules hove been Glscussed
with stendards groups end the MRC steaff. & proposed Cooe revigian should be
irntroduced formally to the ASME (n the fall of 1989, ALl finsl reports for the
Piping and Fitting Dynemic Relfabiiity Pronres should be published by EFRL in
1900,

The SBC hes alee contributed te the high level piping test ot the BD? faciliny
(heference 28), Whila the piping fteelf wos not ruptured, it wos shewn thet
seiemic Losds ot least sight times grester then design (Level D) velues coule
be sustained,

Piping Serthquete Experience bote

There I8 an extensive and growing date base of earthaunke experience for
piping In heavy industrinl faciiitiey (Retecences 20 ane 30). The remarikabie
SUCCENSs rate for above -ground welded steel piping hos beer factored inte

the development of new selsmic evalustion procedures (1.e., seismic PRA‘s,
saiamic marging reviews - Refarence 30, end USD A-db - Reference 32), and has
been used qualitatively to suppert sctions intended te relox piping seismic
Gesign criterin, Wowevear, this dete 1 yet 10 be vsed directly in the nuclesr
piping design process.

The Osk Rigge Kotionel Leboratery (ORNL) end its contractors ofr- currently
investigating the poessible wee of ULl A-é4é6 type bounding spactra for piping
design, Gocumenting the design procedures weed for the piping In the dete
bese, end guentifying similarities &nd differences between nen-nucleer ang
puclear plent piping. This study «ill b2 cospleted |4 108% ane ey lerd to @
slgnificent Separture from current ensiyticaliy-bosed decipn proactices.

Sortle ond Branch Connection Desipn

The Piping Review Committee recommendes that resesrch to develop Isproved
cesign guidance on nortle wiress (imits end flexibility. OENL has completer
three reloted studies (Reterences 33:-35), and (s new finlshing nev guicance on
nottle flexibility estimation., The latter should help (mprove the gesign of
@iping systems thet are connected to tanke and thin-we'led pressure vessels.

Piscussion and Conclusions

As 8 result of the WRC Piping Review Committen’'s concerns and recimmindations,
the Office of Kuclear Regulotory Research has sponscred severcl prejects to
evaluste and imorove the dynamic losd design of nuclesr power plant piping.
The ®wajority of these research projects have been completed, or will be
completed In 1986,

While the new research resvits have ralsed technical issves, most isportently
thet fatigue or fatigue-ratchetting (not collapse) it the boeunding fallure
sectanism for sost dynemic lond cases, they fortunstely slso have demonstrated
very loarge sargins-to-ferlure for plping subjectes to gyramic inertia losds,
Sew high level tests ond the review of earthauske experience Oa’s have done
suth in the last four yeats to improve out appreciation of the inherenrt
robustness of welded stoel piping. This Anowledpe has bean vsed In the deve
elopment of nev seismic evaluntion procedures (e 5., seismic marging reviews)



16 Justify net wasting resevurces on piping ansiyses. Byt fronfeally, with the
erception of the encorsement of higher Gamping and some relacation of pipe
rupture criterio, the piping Gesign reguiotory chenges racommended by the
Piping Revievw Cewmitiee have not been Bee. Ang the resenrch Gincursed ahove
s yot te have an f(opett on piping desighn.

Why Rove < Baan 80 slox to accept changes to plping design procedures? for
one ressen, there hes been & regulatery tragition ef relying on ansiyeie
tother thatr test or esperience Gets te ensure protection epeinat piping
Gynezic losds, and there are no esteblished criterin goais for setting
sergins-to-falture for piping dynesic | s, Even for the mote necrow aree of
cespunse prediction technigues, there Is ne fire guidance for sccepting new
Sethade. (Ffor exemple, what should be an scceptoble degree of nonercredonte
whet the results from o new wethod 4re compared 1o best-estimnte predictions?)
AnE thare Pave been e Seny propoaed changes to snaivticel methods thet 1t 1s
Uiftieult te sceount Jor sll posaible combined effecns,

Probedilierie snd reliabitity srguments have had enly Linlted wsuccess In
faproving everall piping @esign, This (o partly becovse 1t I8 @ifficult te
chersctarive all possible piping sonfigurations, and pertly beceuse 1t s
recognited that the loads end cenditions thet have dawesed nucies: piping
Syhtems are O10flcu't te predict and penerally ere ned considered 0 the
Eesign process.,

Sut perhaps the grectest hondrence te piping Gecipgn change has been the
perception, globeliy @sate, thet the safety signiticence s small. Afier ol
recent resenrch hes n untevered &ny hew thrests to current pliping denigns,
even though ft s recognized thet theiz rellobiiity s not optimized. Since
the wotivation fur change eppears to be chiefly for economic rather than
safety ressens, 1t is best thet industry tete the iesd in future related
resenrch setivinyon,
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