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ILLINGIS POWER COMPANY | 5| 13082 (05-10)-6

May 10, 1982

Mr. J. R. Miller, Branch Chief
Standardization & Special Projects Branch
Division of Licensing

Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Miller:

Clinton Power Station Unit 1
Docket No. 50-461

Reference: SER Open Issue 3.9.2, Steady State Piping
Vibration Acceptance Criteria

The attached standard, OM-3, has now been approved by
the American Society of Mechanical Engineers. It specifies
807 of the endurance limit (Sa) from Appendix I to the ASME
Code as the acceptance criteria for the steady state piping
vibration stress limit. Illinois Power Company is applying
this standard on Clinton Power Station, and on this basis
we consider the SER open issue from article 3.9.2 to be
closed.

Sincerely,

Eon
///Z;?Z::;;B%&é%4

G. E. Wuller

Supervisor-Licensing
Nuclear Station Engineering

‘kgPEW/lt
Attachment
cc: J. H. Williams, NRC Clinton Project Manager
H. H. Livermore, NRC Resident Inspector
Illinois Dept. of Nuclear Safety

500 SOUTH 27TH STREET, DECATUR, ILLINOIS 62525
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FORZWCRD

{ngroduccion

this standacd provides general requirements for tie assesszent of 2ioing
ivscem vidraticn Iar uclear power planecs inclucdinz AsdE Secsisn [IT aad
wwplicable ANSI classifiaed svstams. [z !‘ncludes staadv-scace and
transient wvibracicn tascing and covrasponding acawpiance coisaria,
inscrumencacion and measurement Iecnniques, and recommendactions for
corrective acticn wnen raquired.

This scandard is applicable for vibracion qualificacion and desizn
rerificacica, during >racperacional and ifaisial scarzuo tasting, of
2iping sysiems whica requirsz casting >y cthe auclear sower slant

Safecy Analysis Revors, Desizn Soecificzaticn, or ather joverniag
wcuments. [a adaiiion, chis sctandasd 2ay searve as a guica ior assess-
=eat of vibratiocn levels of applicsble piping svstams during planc
operation.

fenaral

(his standarc is cme of a zeries of nuclear jower slint testing sCaudacds;
it was develodped as a guide for vibracica ssscing and =onizoring under
“fe soensaorsnip of the American Scciesy of Mechaniczal Iagizeers (ASME)

15 an affort by the Nuclear Codes and Stardards Oceracicns and

‘aincenance Commict2e. This commict2e has jeen charzered o idencily,
iwreleop, maintain, and review Cuodes and Standarss sonsidered aecassary

‘or the sar: ang 2fficient operation and maincanance a3f aucliear Jcwer
vlints to assure strucsural and functicnal adequacy.

Fabruary, 1376, the ASME Operaticns and Maiatanance Commitczae
tablisned the Succommittee on Vibracicn Momizsriag inder wncse
Hvisdiction this stancard was pragared. The Subgroun on 24iping Systens
considie Ior Jevelooment of :ais sctandard was =staolisced ia
h, 1377, The provisions of :2is scandard :pply dirzeecsly co zhe
*02T3 and cneracors of auclaar jower slancs.

woCument:ilZion pertaining £o 31 specilic slant, stcatsmencs such as
¢ 2121ag sYsrams ira seing s2sced in 3ecordance Yish ASME

feh uclears
“rition Standards’ mav je made onlv provided thac che aancacocy
ifements of this standard have been satisfied fsr =2ach sipiang

“slem covered sv the ASME Standard.

P
-
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Suggestions for imorovements ais gained in ine use of this standard will

Le welcomed. Thev should De seat 3 tne Sa:racary, ASME 7ibraciom
Vonigaoring Subcommiites2, The American Soeiezy of Mechanical Ingineers,
United Zngineering Center, J43 Casc 2Teq Streec, VYew York, YMew Tork, L0O0L7.

“his scancard was ioproved dv The American Society of Mechanical Iaginears
Subcommitzae on Jarfsrmance and Commiti2e on Operation Maintensnce. It
was subseguencly -oproved and designacted by The american

Yational 3Standards [nstituce on
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INTRODUCTICN
Scope

This standard provides general requirements for assessaenc of plping

system vibheatlon for nuriear power nlangs lacluding ASME Secztun [II

and applicable ANST clussiflod ;vﬂtems. [z lacludes szeagv-scare

and transient vibreacion testiag, accestance crizeria, ind Tacommenda-

tions for corrective action when required.

The standard ‘s applicaocle for vibracion qualificacion anc design
verificacion during preoperacional iad Startup testing of 2ising
svscems wnich requirs testing dy tne nuclaar sower 2lant safacy

analysis rep . <esign snecificacion. or ocher joverning <ocumencs.

" la acdicion, chis szandard May serve Is a guide for assessment of

vibraction levels of applicable piping svstems during »lant

operacion.
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Owner: The organization responsible for the 9perativn, malatenance,

satety, and power generation of the nuelaar power plunt.

Cesizn speciiicacion: The deocuzment sToviied Ly the owner as required
5y HCA 3250 of the ASME [II far the componenc/system walca concains
requiremenc: 0 provide a complace Sasis for che censcrucsion of

the componeat/system.

Maintenance/repair/veplacement: Acsions caken to pravenc or

correct deficiencias in the svscam operation.

System: An assembly of ;iping subassemblies and sompeonents wnose limics

2nd functions are defined ia i:s desizn specificacions.

Recora drawing sec: [he set of drawiags which define the syscems
layout and suppors: confizuracicn it cthe size the systaz (3 placed {na

service for cascing.

Steadv=scace vibracion: Repecicive vibracisns wnich sccur for

Telatively long pericds of tize during n2or=al >lanc aseraczion.

Transient vidratisns: Vidracisns “0ich sccur during relacively
SnOTrt periods of tize. Zxamples of sransiant sources of vibracicn
are: Dpump actuation and suzmp 3 itchinz, capid valve Svening ov

closing, and safecy rallaf valve operacicn,

Normal operacing condisions: The service oadizions cthe svscam

would experience shen 2erior=ing i3 {ntanded ‘unccicn.



-

2.9 Test cenditicms: The serrice tsnditions exgerianced v the s¥stam

when undergviag tests to assure (o3 {acended functicnal anilicy.

2=l «eu8 IPeciiicacion: The documentc or documents prepared 5y the
owner or his assignee whizh meecs the requiracmencs sec Iaorzh (n

section 1.0.

2.11 Design verificacion: The Process during which the desizn adegquacy of
the system i3 validated. This includes checkinz the record drawing
set against the inscalled system and evaluating acctual sysctem

behavior igainstc asplicable znalyses and/or dcleptance critaria.

ra
"

Prototype = A system buils on the basis of an original desigzn for

which theras ara no pravicous system sesc rasulcs ivailable.

2.13 Duplicate - A syscaem bullc on che hasis of a praviously used and

proven design for whica tesc resulcs are available.

e Preoperaticnal Tasting - Tast acrivisiay periorzed srior oo inicial

fuel loading.

«.5 Inietal Startup Testing - Tasc activity reriormed during or
{ollowiaz {nizial ‘fual ioading, sut arior =a ccrmmercial oneracion.
These aczivisies include fuel loading, precricical tests, {ai=ial

erizticalicy, low sower tescs, and power iagcensicn tests.

=6 Overacional Testing - Test accivizies perfarmed sudsequent :=a
taizial starsup tescting, e,3., fasting rerformeq uring ccrmersial

operacicn of the alane.



2.19

ASME Code - ASME 32oilar and 2ressure Tessel Code - Section IIT.

Test hold points: System operaciag condisicms for which tese {aforma-
ti7m 13 to de collected; e.3., with the reacsor ac is power, wich

the syscam ac full flow, ete.

.

Qualizy Assurance: All :zhosge planned and Systamatic accticns necessary
to provide adequace confidence that an iteam or facilizy will perfora

satisfactorily in service.
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GENERAML REQUIRSMENTS

The Owner shall detcormine rche vorsions of Piplaz svstems to be tested
b 2 shzj:‘;(zss;f@ "nese Sysremg 1nro tha viorav:ion ﬂvntéarjng Jrouas
defined (2 the fallowiog <ectiom.  The winimur aeral f2AULC:iMents
for che c¢lassificacion Sv grouos ire srsvided in sudsecsion J.L1:
howevar, the Owner =may oluce a ;yscem into a mure striageat vibratcicn

monitoriag group (™C).

Vibration condicions are clussified into steadv-scace and sraasiens
vibration cacagories. A systam may bDe classifiad iaco one vibration
monictoring group for steadv state vibracions und into anocher group
for transient vidbractons. The tescing requiramencs, acceptance
criteria, und recommenducicas (ur corrective acsion isssociatad wic!
these cacegories ure provided delow. The vibracion testlng and
assossment of vibration levels may 92 conducced during prooperacional
and inicial scartup tescting oc during slang operacicn (na dccordance

with the requiremencs of zhe zast spucification.

For praoperacional, {aizial stariuo, and coeracional tescting, a

test speciliicacion shall %e prepared wnich will include 45 a ninioum:
Pretest raquirements ot sondizions
Type tesc ({.a., steadvy stace or zransienc)

Svstems o Se casted

Measuramencs (including visual observacion) ra 2¢ made

Acceptance cricaria



Test hold peotacs
Instrumencaction 22 be used (including ioscrumencs sseciiications)

Coverning documents and drawings

Data handling and storage
Qualicy conerol and assurance
Systea te?garacion
?recautions

The terc specificacions shall be wri:z: i3 2 manner %o ensure thac
the objectives of the tascs are sacisfied and zhac resulss ocbtainea
are cornservative, Prigr co testing, &= insvecrcion of iomsonents and
supports snall be made :o verily correes inscallacion aczording to the

record <Jrawing sect, specificacions, and appropriata codes.
2

wWhen test resulcs are L0 be correlaced =»o speciiic analyses, tasc
conditions and neasuremencs should be suffiziencly speciiied zo

2nsure that the jparamecars and dssumctions used i the analysas are

a0t viclated, amg thac The corrslacisn Secween tasts and analysis Te

lecin

AL ;

Tasusts confirmg the validizy of the analysis andMndicaces thae

- : . ! |
! . u‘q s T 2l ™= 1Y n
the analyetical TRSULI3 are consarvative. s
eduv a1 el ol ne wihten Hhe Mecsure-] It tremw  Lhe $o. 0 ,

— iagicacas that the sesuay TOTcing ‘unction & - [P0

Eae \.*"-—'-_ \—-.
3 T i ST

sonserrativeily covered Hv the *9reing fumctions used in =he analysis,

the analyeti:z darca should Je zodified ar conserratively scalad srior

t0 corTelacing che :est and analysis rasulcs.

the



The vibration monitoring requiremencs ind iccestance csitaria are
defined in subsection J.2. If the test data axceeds the value
spcé:fied ia the hold point section of cthe test specificacion,
two opcions are available (1) {urther tescting or svaluation co

4 =ore rigorcus mecthed or (1) corrective action shnould se taken

as described (n seczion 3.0.

Cognizan: engineering personnel shall parzicisace La the developzens
of cest specificacion requirementcs, selaczion of iascmmencacion,
estaplishoent of aczevtance criteria, review, avaluation, and aporoval

of tesc resulczs.

Selection of :he locacions of mneasuriny devices and che type of

feasurements o e made shall be bSased upcn »iping scress analvsis,

response of a similar svystem and/or experiance 3ained through tascing

of the sub‘ect svstim and snall reflacs any unicue coerztional
characteristics of the svsten being tascted. Zvaluation of zhe cass

data shall! consider characcteristics of s-e measuring devices used.

?ioing svstem vidrations are classifiad nco two categorias:

(&) steady scate, and (2) sransienc, as defined i secsions 2.3 and
2.9, Within each apollzable cacteygory The 3{ping svscenm shall He
classified Iinco ome of the :zhree vidracisn zonitoring 3roups aceording

to the crizaria presantad 11 subsecticns 3.3.1 and 3.1.2.



Piping systems whlzh are inzcsessible Zor 7isual stzerzvacicn or

measurement using porzable devices, during the condiczizns listad
in the test specificacion, shall be clagailied ingo aither 'NC 2
or V™G 1.

In addizion o the fequirements prasented {1 subsecsiocns 3.1.1 and
3.1.2, the safety and/or Power generacion function of the svstem
should also be congidersd when classifying the svscem iazs =he

vibration zonithring zroups.
¢

StaadvesScace Visrassan

<1 Vibracisn Msnizap<az Graus 1

Me monitoring program rasuired for svstems evaluated in this
3roup typically involves soohistizazaed fonitoring davizes and
ixtencive daca colleesion 2o accuracaly decarmine vibracssy pipgn

StTesses or other specifiad compenent limizac<ion.

when accuraca Teasurement of the svyscanm Tasoonse characsariscics
are required, :the tachnijues and devices ‘mpliad 5y the requirssmentcs
for zhis viSracian Ionizsriag group 3nall Ye enoloved., latarminacion

of mede shacas, 20dal response magnitudes and zocal 3vst

response is possible using chese «valuacion technicues.

1t

«« PCTTicns of 210ing svscems which :xPeriance staadv-scace
vibraticns and meet cne of the Iollowing raquirsmencs shall e
classiiied i{n ™G ! and 3nall neet :the agzentancs eeilaTia of

sudsecsion 3.2.1.



3.1.1.1.1

3.1.102

v

iping sveremsg “nisa axsaidbic X Tesponse naoc characserized
by simple 2i{ping nodes (e.3., ralacively $TLI7 2izing =ouncad

between large sof:ly mounced ecuioment) .,

o ?iping syscems for which she 2eched of WG 2 and ) ire not

applicable based on lizizacion given (n secticns 4 and 3,

Vibracion !oni:oring Groun 2

The methods and devices amploved ia the evaluation of vibracion
monitoring 8Toup 2 provide a 2eang of dacertaining wnether the

PiPing svscems are vidraciag, and Proviie a means far dscerzaining

the maxizum ressonse aC 31 3iven location.

All porticns of 2i21ing svscems “hich neet osne of the following
Teguirements shall be classified (a vibracicn fonitoring 3roup 2

and shall meer rhe acceprance criter<a specillied i{n Subsection 3.2.2.

J.1.1.2.1 au ?iping 3vscems “hich =ay axhinis 3ignilicane vibracion

. s , -
Ll L SR

J. 1. 1.3

Tesponse based an 7ast axperience wizh sinilar systaz=s or

siailar syseanm ceracing <3ndisions.

b ]

= ?1ping syscems for wnich she 2etiod of ™G J ire 20C acolicable

Saged on iiz=ization Siven i(n secsion 4.

Vibraciom Monitorinz staup 3

The visual method 2mploved (n the evaluacion of 740racion

RONI2TLng 3roup 3 <3 mostc “undamensal iANa 2rovides the 10S¢

simolified means ise etemmining whetser ame



vibracions exist in the systea. ZIvaluation af vipration ‘evels
using this mechod (35 dased upen experiance and judgment and
provide an aczeptable basis for ssses =ent. [f firm quangitae

Cive issessments are required, the mechcds in vibrasion Ionizoring

groups L or 2 siould be employed.

ALl portions of piping syscems which meec une of cthe follewing
requirements shall de classifiled ‘o vibracion memizeriag zroup )

L

and shall zeet the acceptance crizar<a specified in subseccion 3.2.3.
r

i Syscems falling in "™™G L or ™G 2 classificacion for whizh
fleasurements or prior t2st data are avallable on Jrotscyoe or
duplicate sysceams and ‘or <nich cthe 2inimum unac-entable

vibracions ave Jbservabla.

3.1.1.3.2 Portions of ASME Class 1, I, sud J and ANST 3311 aiping svsceus

~

1

N

“ e ae-

which are not expecred o5 exhidie significane vidraticnal resnonse
tased on zast experiencs “ith sizilar svscems or svstaa

operating conditions.

ransicnt ViNracien

Table I-l sresents’ scme examples of cransient conditicns =2 whs

Systeaas may de subiecced.

Portions of J1iping 3vstoma wnizh 2XTerlence ITansient vilracions



3.1.2.%.1

Systams which {roam past plant operacion experience are kx=own

“9 experience sisniiicane dyaamic sransient condisisns ldus =9
the inherent nature of component desizn, svstem speracion, ar
Systea design features, for whizh a transient analysis .s not

performed.

3.1.2.2 Vibratcion Monicoring Ceous 2

Porzions of piping systems which axperience transient vibractians

and meet the following requirement shall Ye zlassified in MG 2

and shall =eec aczeprance critaria specified ‘i subseccion Yedods

3..2.2.1

Systems which are desizned and analyzed for %nown ancticijacted
dynamic lecadiag candisicns and Isr waich the applied loading
(L.e., fluid or =echanizal) L3 based upen sechodology wnica
is kaown :o censervatively predics the transient forzing

function and :orfespondiaq strustural respense.

Vidbracion Monitariag Ceoun 3

All pertions of ?i24ng syscams which exserience :transient

vidrations and zeez :-e follewing requiresencs saculdd de classified

ia VMG 3 and snall zeec :ne 3Cc22lance critaria speciiied ia

sudsection 1,2.1.

Syscems whigh underzo :transient visracisns during ctheir
°perating lile (e.3., svscams sucjeczad 9 sump starctup
tTangiencs, valve spening or closure) iad nich Sv gast
sXPerience wita sizilar svscem sr §7St2zs cverating sondisiuns

ire 10C 2xpectad 2o exnisi: sizniiicans 7iaralional raspensae.
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Spacial atzancion should e 3iven to the srecaucions lisced {(n

subsec:zicn 4.1,

The aczercanca GTileriy presented ln this sucsec:ion are sased upon
the following assumseiong. The Cwmer zay iavoke L2938 scringent
Sriteria srovided sufficiane Justifizacion is ziven, More stringent
criteria shall be {avoked f the following assumptions are deemed

{nappropriace for =% syscem under raviaw.
Assumpeisna:

4. Vibracions zause TaXIZun scTesses within the alascic range,

thaerafore a0 Penally for sluscic <yeling (s incurved.

5. Thermal :zransient effaces, (£ thay axisc iuring the ribracion
{ncident, have already Seen tongidared in she piping syscena

evaluacion,

¢. The =amurane StTe23ses caused >v ressure fluctuacticns, alone,
are iasignifican: comparison 2o sNe stTasses caused by che

vidracary moments.

d. The usage f{aczor from rhe vidraticn {nciienc dces not sizai-
icantly 1fface =& fumulacive usage ‘acsap calculaced for
other »radefined tTansient condizicns.
e. The ASME n&pve Section III strain controlled fatigue curver

represcnt the S-u4 satigue characteristics for the material
and loading considerad,



) “ - .y H
Monttoriag Srana L

The vibration response of gToup . systams shall se avaluaczed

using the =echods and devices lisced in secziom 5.0.

te vidration, the =axizun calculaced altarnacinag

stTess incensicy, 3:1:' should be lizmiced is <efined Selow:

a. For ASME Class ! 21iping systeza,

Caton

S‘lc - ?—1 4 £ .3 sel

® Secondary stress index as defined iz cthe

ASME Cade

Local scress index as defined {a zhe aASME

Code

Maxizmum zero 2o peak dvnamic Toment loading
due to vibracion snly, sr in compinacion wizh

other loads as requirad v rhe systam Cesim

Sadurance liad:z (Sa) ‘=a2m ilgure [-3.! or

of the ASIE Cuode, Apvendix I. *




-

1.3

™~

= Section modulus of the ?ire

5. PFor ASMC Class 2 and 3 ?iping, ANSI 331

c,X,
salc - . v M £ (0.3) Seal
“here
C K, - 21
i ® stress lacteasiiicacion factor, as defined in

the ASME Code, Suoseczion )NC, 0, or 311.

2 significant vibracicn levels are detected during the Zzesc
program which had not seen previcusly considered iz the pizing
system analysis, consideraticn should Se 3iven 0 =odiiviag the

Desizn Specificacion 22 Teverily applicable code conformance.

for transient viSracicns, zhe “axizua alternacing scress iztansizy
should be lizized to zhe value defized Jelow. Jefore decer=iniag
the allowable zaximu= alternating scress ilaceansizy, an ascizaca
should 5Se =ade aof the equivalant aunbher of =ani=um anticizaczad

[ ™ -~

vibratory load cyeles (IVLC).

a. Tor ASME Class ! 2L2i33 sysca=s, the maxizum altarnacing
StTess intensicy shall Se lizizad 22 =he value wnich will a0¢
iavalidata :the 3tress lepors, or L{f che :ransient event wvas
70t previcusly considerad la =Se 3tress lesors, zhe following

LAY

procedure should be followed: (1) the unused usage Jacstor

(e



wnere

or transient

siseations which

{ wnze ROt praviously

! eilymed and for

which it is not
saTapTIASE €O
avaluate the

Lvad separazaly

a new Zacigue
wnaliysis w27 de

U » Cumulacive usage facs=ar fr=n ASIE Class ! analvsis

which excluded vibrazory lsad

The maxizum allowable esuivalent vibratory locad cveles shall

oe calculated from

sequised o EVLC
= qaw‘n vad il .‘. - .y
-CC-;.-—QCE 3.--. J

- - ‘V

ASVE Secticn IIT.

The value of S‘ shall be obcained from aizher figure 1-3.1 or
1-9.2 using Hv: The z2axi=un alternacing scress incansicy,

salt' shall be limiced £ 0.3 s‘

where

S‘ * Allovable altarmacis Feak sctress value fram

figure I-3.1 or I-3.. of the ASME Ccde, Adcendix @

N
»

5. For class 2 and 3 and 331 2221n3, the stresses s3hall se

-

evaluacted (n acsordance wiszhy =%e Tequiramencts of 1,2.1.3(h)

tecaswm D).

3.2.2 Vibracion Sonigarins Group 2

J.2.2.1 The vibracic Tesponse of 3rous 1 syscems shculd e =easuyrag

43128 one or =ore of :he vilracian SeNiloring Zewizss szeciiilad
an section 5.0.
3.2.2.2 The P121ing vibratory -ssnonses 3f MG s ?iping shall Se 2valuaced

in accorzance wizh e allovable zeflagcsion sr velogicy limieg

- —

g§2ven ia seeczion 35.0. These limiza are hased 3n aeetin

— - - e




3.2.3

Vidbracicn Meni-

ring Graus

3

3.2.3.1

3

*
-

-~
.-

The vibracion response of

group ] 3yscems snall e determinad

8y the methods and devices listed {a section 4.0.

tf an accepeable level of
Teasure=ent or evaluatisn
responaidble for issessing
i3 acceptable. The basis
level is aczeptable shall

{n secsion 3.2.1.

If zhe level »f vibracion

vidraticn i3 noted, 20 fursher

-3 Tequirad., The coserver shall he
“necher ti: coserved vidbracion lavel
for deterzizing whether the vibracion

Se ccansiscent wish -Se 1i24:3 spegified

i3 to0 small 29 se ferceived and cthe

Possidbilicy of damage {31 ‘udged =9 he nimal, zhe svscem is

acreptable.

Tie judgzment as =2 d4ccentanilicy can Ye =zace only by evaluaticn

of all zhe following faczs as oo their effacs 2n the Piping scrass:

3. 7ibracion aagnitude ain

5. Droxiaity 2o "sensizis

locacion

& equipsmenc”

S. 3ranch connecsion Jenavior

d. Capabilisy of fleardv component susporss

Any unigue operasicnal Iharactaviscics of =he §ystaa shall he

considared in ke evaluacion.

-
-~

e =ade, :he acceptabilies

data.

an accestable issessment 3f =he dbserred deflactisng saanoe

o1 vibracion TUSC Je >dased 2n Jeasurea



3-2.3.5. 1f unacceptable vibracion levels are tadicated 5y tae =etnods

and devices listed in secticn 4.0, the 2echods and devices of

section 5.0 may be uged.



Table~ 3-1

EXAMPLES OF TRANSIENT CONDITIONS

Reactor Coolant System

Normal start and stop of
Reactor recirculation pumps

Flow Control System Changes (BWR)

Main steam line

Turbine bypass system operation

Main steam isolation valve closure
Turbine stop valve closure

Safety valve, relief valve, or safety
relief valve operation

Atmospheric dump valve operation

Pressurizer

Safety valve, relief valve or safety
relief valve operation

Feedwater and
condensate systems

Normal start and stop of feedpumps,
condensate and condensate booster
pumps, and feedwater heater drain
pumps. System response to both manual
and automatic valve operation. Feed-
water control system changes.

Other ASME Class 2 and 3

and B3l water pumping

systems, ECCS systems,

service water and emergency raw
cooling water systems.

Nommal startup and shut-down of
systems of transfer to other normal
modes of operation.




4.0 VISUAL INSPECTION METHOD

4.1 Objective

The acceptability of piping systems in VMG ] to withstand the

effects of steady-state and transient vibiatian can be avaluated by
observation. This section will discuss the differernc techaiques

and some of the simple devices that can be employed in the evaluation.
Lastly, scme of the possible problems that could be ancountered

during the precperaticnal and startup of systems will de outlined.

4.2 Evaluacion Techniques

The location ;r locations of m#xinuu deflection can be ascertained
by observation. The magnitude of the Qigilncemnnt may be estimated
by the use of simple measurement dc;ict:: e.3., rules, optical wedge,
spring hanger scale, etc. When simple measurement devices are used,

the precautions of appendix sectiom A.I shall be observed.

4.2.1 Steady-State Vibration

During the preoperational and startup testing phase of a plant,

the piping systems will be observed curing its varicus modes of
operation, as defined in thé test specification. The acceptability
of the observed vibration shall be determined in accordance with

section 3.2.3.

[ =]
ro

Transient Vibration

e

During the preoperational and startup testing phase of a planc,

the piping systems in V™G ] will be observed during the transient



event as defined in the test specification. The test may be
repeated, Lf necessary, to make the observation at dizferent
poiats. The acceptability of observed rcsponse shall be based

on section 3.2.3.

4.3 Precautions

4.3.1

6.3.2

There are a few precautions and specific items that should be

reviewved, etTr—Ire-tiyred-yEIoT™

Vents and Draias

Local vents and drains typically have one or two isolation valves
that act as concentrated masses. 1if they have not been braced,

careful actention should be given to vibration in this area.

3ranch Piping

Minor main line vibration may cause branch piping vibratiom of
iiznitican: magnitude remote from the branch connection. These

lines shall bde reviewed together with che system being qualified.

Multiple Pump Overation

Ia cases where there are several pumps that cperate ia parallel, the
most significant vibration might occur when some combinations of the

pumps are operacting.

Sensitive Zquipment

Vibrations which can affect the functionality, operabilicy, and

strucsural capabilicty of sensitive equipment such as pumps,

2losely
valves, and heat exchangers should dedreviewed, ekt Imnly .



welded Acctachment

Spectal consideration shall he ziven to the arcas near the welded
actachment (n che piping sysctem subjleccted zo vibracion. (f che

velded attachment configuracica (s such chat ic could cause loeal
moment in the pipe due to vidracion, the effacts of local stcress

shall be considered.

O



5.0 SIMPLIFIZD METUCD FOR QUALIFYZNG PI2INS STSTMS

5.1 Steadv-Staza 7ihricion

3.1,

5

This section describes simplified mechods for the evaluasion oy
steady-scace vib}azzon 9f 21ping systems whica will determine (f

the vibracion exceeds an sccepcable level. It (s facended ‘uc
applicacion to systems wnich are underzoing steoadv-grira rihrasion
and are accessible for a number of vibracion [eAsurements At sartons
points in the piping svscea. ?1ping systems wnich are aoc sultable

or adactaole to these methods 2ay be evaluatad bv srocedures

defined in seczion 5.0.

1 Disnlacemen: “arkad

«1.1.1 General Zecuirsmanes

'
e

The simplified mechod raquires chac displacement si0uld Se
determined at represencacive soincts on the »1iping svitem. MNe
21iping svstam shall Se subdivided {a=s sufficient :ub ivagems oe
vidratory (characszariseiz) syans cantaiaing appranriit. e
conservative doundary :onditisng, as descrited (a3 lee !

in subseczion 5.1.1.3.1.

1.2 I[astrumencat<on

A hand-neld or camporarily mounted cransducer saould Se arllized

4
which i3 suizadbla for 7aking mulsiple measusumuens, oy dlsplaCennatt

) 4



AN accelerometar =aY be utilized, wich velocity and Zispliacement
obtained by sinzle and 4ouble integracion, resoecsively, of rhe
dcceleracion sizmal. The Pracaucions of secction 7.0 on measure-
ment technigues should he shsarred. it {3 recommencec =0
determine response iraquenciey ard :heir relacive amplitucee as
an aild (n verifvying che apnropriacanesas of fudsyscan nodel

salected and assisc in determining che source of visracion.

- i - D Sdwd
5.1.1.3 Deflecsion Measuremens ~f Process 2i2ing

Measure=ents are cacan along the piping to zeasure F@ak deflecrion
POints and 2 ascablish node soincs of 2inimuz deflecsicn. The
node points escablish che charactariscic span iengths. ode
poincs (zero deflecricn Fuints) 2re generally faund at rescraiac
points duct could be locacted serw~en S9msStTainrs on long rtuns of
p-ping. The deflacticn linic 2an Se decarmined ‘rom che curves

OT nomograsns prasentcad i{n figuras S-1 througzh 3-3. These
aomogTapns and surves relace lizisiag deflecsion @il span

lengeh and »ice diamecar i5r some troical piping installacions.

.d.1.4 Def) fIion Measursmens 3f 3Jranch F4aiag

3ranch 21217z is attached =a atocese piring and as 1 smallar
iamecear zhan the srocess pising. Thrse arf the j0cancral

dtoblems wnich =an axise:



S3ranch 2L{ping can be excized at irs rescerant fromupacy Yy
motion of the process piping, fluid pulsaction, ar Jsthee
source. This problem (s characterized 37 high amaliegd,.
vibrations with a clearly defined Irequency and =cd. dhiapee,
The amolitude neasured sn =he Sranmch 2i8e 13 jenerally auch
larger than the »rocass 212423, OJue 2o cne phasing, =he
relative mocicn of she Sranch ?ice o zhe procass olpe s
closely approxizated ny adding the displacement Teasyrement
of the process pise o the =otion of che Sramch iag. The

deflection lizics defined ia seczion 5.1.1.5 are aoplicable.

The actachzent soinz of the Srinch 210e with zthe arocess
line displaces relative 0 a hraseh lize supporz. The
deflection limicts defined in seccion 5.1.1.5 are applic.ble
when the deflections =easured reflace relacive =mocion
between points on the Sranch Pi242g and zan Se Jusociacod

with a deflected shave.

The srocess 2iping irives e braneh »ipizg ic 4 hlsh
acceleracion level as a T334 Sedy. This aroblem i gencral;y
dssoclacad with 31 :antilaversd =ass., The Peak wWnwlerizion

4t che center of gravizy of =he 3ranca L2188 ALl e g od
©0 2scablish the (nerz:iil forse acsing at che conter of
gTavisy of the Sranch 24Ping, The cangilever adus wid cenges
of 3ravizy of the >ranes 2131ng Tust ¢ conmaTragivele
28cinated ind i fesul:ane sCresg calcuiatad. we resultaa:
STT2S3 should Se compared wizh she srisase, listed m

deaslds a0d : P IR

L,
ad



The vibrational defleczice Lizi: of a piping syscem depends on
4 large nusber of material and gdeomecIic consideracions with
Bany comoinacions of the variables. I= becozes necessarv co
classiiy Piping syscems {(nco smaller Subsyscems wnich can be
physically defined and zedelad. 4 deflectisn Teasuraz=ent can
then be conservatively zaeckad againsct an allowable Zeflacs<sn
limit calculaced for that subsystem. A bHreakdown of the ?iping
subsystems for which allswable deflection liziss have Seen

compucted are given in section 5.1.1.5.1.

Celleccion limits are 3iven (n acmograph form ina figure 3=l ia
terzs of a characreriscic sPan leéengeth, oucside ?ipe diapezar, and
4 configuration coefficiens. Tha -=aracteristic soan and cle
cenfiguracion csefficient are estaplished by Sreakiag the piping

systea inctd a1 serias or 2ip4ing sudsvscems is descriged in

i
¢

section S5.1.1.3.1. The deflaczion limir i3 decarmined by ancar

e

the aomograpn of figure 3-1 wizh the 2stadblisned value of
(1) confizuracion coefliicienc, X; (2) Jut3ice pize Ziamecar, D

’

and (3) the cnaractar<scic apan leagsh, L.

The aeminal vidraticnal deflacsian values detarmined franm the
aomograph of fizure j=1 are Jased on an allcwable strass aof
10,000 pst wizh scress ladices equal anizy. The illowable

defleczion liail: i3 decermined sy:

B o % amanatd .
3ill0w <00CO=C_ <. a



vhere

Sel, C,, Kz arc defined in seccion J.2.1.2

d‘n = Yalue of deflection obtained, figure 5=l

d:L;éu = Allowable zero o peax deflection limic

The allowable defleccicn limic {3 then compared 20 zhe =easured

value for piping vibration qualiiicacion.

5.1.1.5.1 Classificacion of Pioinz Subsvste=s

r’

[t is recommended that the zeasured Jefleczion 4aca e examined
to assisc in determining the appropriace piping unit used to

obtain the allcwadia deilecziza limic.

. P?ipilng unics are bdroadly classified into two categories by the
piping rescraiacs. A single nd restraing, with one end fre,
forms che {irst cacegory and restraint of Soch eads of a piping
unit forms the secona catego.;. The cacegories are :then
subdivided 'naco comdinations of a siagle span and cwo spans
joined by a 30-degree elbcw. Deflac-icns are measured ia the
Plane of the albow anc out of the plane of zhe 2lbow as snown
ia figure J-1. The rotational zomstraiat it res:iraiat poiacs
is assumed 0 de fixed for a conservative compucacion af the
allovadble deflecczion limiz. An outline of the Sasic siging
unics is ziven belcw. Tor any confizuratiocmn 20C covered in

S5.1.1.5.1 the "X Zactor can be established by he user 3re-
vided equivalent conservatism is =aintaised.

L. Singla end rescraist - Cantilaver

b
~
LA
3
t
"
(=]
wn
&

Cantilever singla spa



Cancilever span, elScw, ssaa

L. Defleczion in plane of 2lbow--2nd span free

(figura 5=3)

2. Deflleczion !a plane of albow=-cuided and 3ipan

{(figure $=-3)

II. Restraint ac Soch ends of pioiag unit

A.

Single soan
l. Single span (figure 5=13)

2. Single span with elbow resctraint (special case

of IT.A.l or Limiz case of [I.8.])
QPm . elbwo span

l. Maximum defleczion measured out of zline of elbhow
between rescraint joint and elbow of long span
(characteriscic span). Ratic of shors span <o
long span is less cthan 0.5 (figure 3«7 wizh

configuracion :oefiicisnc X from figure 3-9),

<. Maximum deflection measured out of plune af alzow
at intarsectiocn of lung span and elbow. 2Racio of
short span to long svan is Secween 3.5 and 1.0

(£1gure 3-4 with configuracion coceffi:isac < fram

figurs 5-3),
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3.1.2

- ——

Veloec‘sy Marhed

5.1.2.1 CGCaneral Requiramencs

5.1.2.2

The n.cho& fequires consecutie measursmencs of velocisy az
varicus potécs on the piping syscem ia order £o locate the poing
which {s exnibiting the maxisum ridracsry velocity. Once this
point L3 located, a final Zeasurexent of the mnaximum velocicy
(v_"g at that point {3 made and compared with an cllowable peak
veloecity (vall) a3 given in paragrash $.1.2.4.

The criceria for

acceptadbiliny i3 chac

all

Instrumencacisn
M

The ins:ruaan: used chould be por=able and capable of =aking

a number af cConsecurive velocity =easursmencs ac various zotnca
on the piping. The Lastruzent should Se capable of indicating a
tTace of the aczual velocizy-cize siznal frem which che zaximunm
velocity can e read. This =ay Se icihieved by readout cevices
such as a cachede TaY tule or i parer shars recorder. Al

tively, the (astrument zould nave a holding' cirsulr which would

result {n 31 zecar f2ading of the =axizum velocity.



3.1.2.4

?rocedurns

Inicial zeasurezments are to Se zakea ac poincs on the pipiag which
dppear to e undergoing the largest displacezeacs. These will
nor=ally correspond to poiacs of nighest velocity. Az each such
poiat, feasurezents can be :aken around che circumference of cthe
pipe 2o find the zagnitude of the =axizum velocity. Measurementcs
2ay be confized to directions perjemdicular to the axis of the

?ipe 4t that poinec.

The maximum velocity should Se cbetained caly from the actual
velocity-cize signal. The readout of zhe signal should bYe of
sufficienc duration o ensure a aigh probabilicy that the maxizua

velocity has ia fact been obctzined for chac peiac in that direccion.

Allowabla Peak Valpeiszy

e ——

The expression for allowable velocicy is:

" e C Cs L -3
,lll cl 3.56 ¢ 10 (0.35,1)
3 C, %

V‘11 ® Allowable velocity, inzhes per second
-~

- -~

Scl' Cys K, are defined {2 seeczica 1.2.1.2. The secondary stress
- -

{adex, C,, and the local scress index, ¥,, are associatad with

the point of =axizum stress, and 20C zecessarily with the jpoinc

of zaxizum velocci:cy.

This velocizy zrizerion is zomnsiscent with the Jdefleccion

"

criferion for 3 fixed and Seanm.



c1 ® a correctlon factor to compensate for the afface of

concentrated weignts along the characteristcic span of

- -+ the plpe. See figure 5-10.

C3 ® a corTection factor .czzuncing far pipe contents and

insulacion.
W W 172
F .hs
LR - )
where W = wveight of the pipe ner unis lengeh (1b/f:

UF = wveignt of che pipe contants jer uniz lengsh (15/°%c)

Q!NS ® the veight of the izsulacicn per unis length (1b/¢c

C3 = 1.0 for pipe without imsulacion and either empty or containing

. stean.

C“ ® Correction faczor for end zondisions different from fited

ends and for configurations diffarent fram straizhc spans.

CA ® 1.0 for a scraighc span ficad at Soth ends, but conservative

for any practical ead condiz<ons for straighc spans of aije.

C, = 1.33 for cantilaver and sixply supported ipe span.
C, = 0.74 for equal leg Z Send.

C, = 0.33 for equal leg U Send.

Nonmandatsry aprendix D presents examplas of zorvecsion Iicsors

C1 and C‘ for typical pining spans along with a combtinagion of

these fac:ors co provide an iniz<al screening nmechod.

5.2 Tranaient 7iSracisn

This section defiznes a mechod for avaluation of »idracion ot the

piping svscems 3ublectad 23 zranmsiant loada SoT WwALCA TN etier s



ifectuon Factor, <y

<

~

<

s

~

N

fa

| ey -4

-

5 10 15 20 25

Ratio of Concentrated ~“eight to Characceriscis Span Weizht

FICURE 5-10

CCRRECTION FTACTCR, C.
-



response under the aaticipated ctransieat loads (s determined by
analysis. Piping systems that are not suitable or adaptable to these

aechods shall be evaluacted by the zethods of secszion 6.0.
5.2.1 General Reauirements

This mechod requires that a dymamic analysis of czhe piping syscea
subjected to the expectad transient locads has been perior=ed
yielding the system dynmamic responses. Turthermore, the analyc-
ical :nspon;cs zust de shown to be couservative through com=
parison of the analytical responses with those =easured during

—

The zeasured response can de 213182 displace=encs )

and/or restrainc forcas The sizplified =zethod requires chac

dynamic response of piping, at sclc;:od locaticns, bc.acaSu:cd.

A ainizum of two separate remote Locacions selecced for the

data points should be based on the analysis perfor=med. 1Ia
addition fluid pressure zay bHe zeasured. The necessary paramecars
%0 >e zeasured and their locations shall Se Included in the cesc

specification.

The criceria for accepcadilicy of the =measured 4aca Ls given {(n
5.2.3. If the criczerion speciiiad i{a 5.2.] i3 a0¢ mec; iddizional
evaluation of the piping systems dased on the measured 3aca shall be
sade to justily the aczepctance. This 2ay Llaclude reanalysis of cthe

Piping 3vsctem >ased on zessured daca.



3.3

(]

lascrusencacion

Appropriate instruments is recommended in secticn 7.0 shall bde

utilized for-obtaining the piping syscem responses.

Measuremencs and Crizaria far Accestance

The measured responses

’ shall be ccmpared o che analytically obtained
Tesponse of the system. I che analysis indicacas larzer rasponses
than those measured and the general rnquiéta.nts of seccion 3.0
concarning analysis versus test concisions have heen =at, then

the vibratsry rasponse of che syetzn i3 acceptable.

Inaccessible ?4sinz (3oth Sceadv-Scacs and Transient)

for inaccessible piping syscems requiring zonitoring, the search
procedura for zaxizum response locatisa L3 ace required. The
locations of anciciracad maximum raspecnse at which zeasurement
devices are 2o be applied shall he defized. Adequata srecaucions
shall Se taken o verifv that zhe assuzpcions used Isr the selacscion
Of ancicipated =zaxizum resvonse locaticns are :zomsiscenc wizth in=-situy

systam responsa.



The poreton of 1 it iw
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6.0 RICOROUS VELIFICATION METUOD FOR STIADY-STATZ Aid TRANSIENT vI3RATION

)

] 4

zl'hc nechod described in this secticn i3 tequired when 9:rug Aethody of
the sections 4.0 and 5.0 are not applicadle or overly tonsersacive,

It '+ alsc Liczended for applicacicm to Jystems where the dvnumto
characteriscics indicaces that' the systam zodes are primarilv a

result of rocking of massive equipment (such as pumps, heat exchangers,
ecc.). The prizary objeczive of this verificacion 2ecthod {3 to

obtain an accurate assessmen: of tae vibrational stresses {a the

Piping system from the =measurad vidracicnal benavior.

Two accepcaple technigues for =plezencing this zechod are Jiven in
sections 5.1 and 4.2 aleng wizh corTesvonding requiremencs.
Seczion 6.1 is supplemancad bHy aonzandactary apoendixes 3 and C

which descride several 2echods of ioplementing chis technique.

6.1 Modal 2esvonse Tachnizue

6.1.1 General Recuirsmencs

This mechod Tequires that the modal disvlacements and nacural

f{requencies af tse 3ystan be ldencified via the tesc daca.

The nethod also Tequires thac a azedal analysis of cthe syscem Se
periormed yealding analytically detarm<ined aacural {Tequencies
and 2ode shaves and cdal stress vectors (or sendin scmencs)
corrasvonding =3 the =ode 3hape vectors. The analvsis ind -ose
Batural ‘requencies and =cdeshaves of the >iping sysctem shall Se

corTelated and she inalytical scvess veesors snall shen Se aged o3
determine the actual state 0f stress in the piping dJue to che

measured modal diszplaccments.



5.1.2 Test Recuiremancs

The piping system shall be inscrumenced sufficiencly 2o enable
idencificacion of the natural {requencies and medal displacements.

[t {3 not necessary to ensure shat che Teasurementcs are taken ac

the location of maximum vibracicn. The izscrumentacion aay be
capable of neasuriag accelaracion, displacemenc, or veloecicy
according to the guidelines of secsion 7.0. Locaticns of {nstruments
shall correspond closely to poings included i{a the analyecical

model of the systea.

The system shall be axerzised througn the conditions defined in
test specificacions. A sufficien: amcune of data shall be recsrded .

to allow apnropriaca daca processing as described iz section &.1.3.

6.L.) Data P?acessing

2.

Steady-stacte vibracicn daca shall e reduced 3 obtain :n; zero=-
to-peak displacement in each of :he predcainant vibracional =odes

of che syscem. Several aecheds of deter=ining she =:cdal disvlacements
are available and two of these ars discussad (n the denmandacory
dppendix 3. When using aeither of the Two zethods described (a
appendix 3, special accancisn should te given ca jeparacely

identiiy closely spaced zodes which =ay axisc .a the systeam.

l2at/Analveis Corvalacion

The zeasurad acdal Irequencias and nedal displacemenss af cae

PLP4in3 3vscam shall he correlatad to analycically asbcained



modal frequencies and modeshapes for all major concributing modes.
As a nininum, the test and analytical zodeshapes shall correluce
with respect to the predominant modal direction; czhe relucive
magnitudes of the modal components need noc %e (n exacs agrepmone.
Ia addiciom, :5. corTesponding z2odal frequencies of che cest uad

analysis shall Se ia reasonabla agreemenc.

6.1.5 Evaluacion of the Measurad 2espcnses
N.

’

The zeasured modal displacemencs cf the Piping and the czorrelared
analytical rasults shall be used =2 obetain an accurate assessment
of the vibrational scresses (or zcments) ia che piping syscea.

A methed for obtainiag the 7ibrational strass in the piping

using the measured Piping displacements and the {aformacion from
the zmodal analysis of cthe system {3 given in aonmandacary
appendix €. The resulciing vibracicnal stresses shall be evaluacei

according o the acceptance criteria of secsion 3.2.1.2.

5.1 Msasured Srvess Tachnisue

Strain zages czan Se used t0 direccly detarmine scresses ia che piping
system during sctaady-scace ar STansient 7idraticn. This seccion
outlines the general fequirements in the use of scrain 3ages. Sg¢veral
Precaucions associatad wich the use of 3tTain zages are aresenced

{n secticn 7.0. These recautions should e considersd srior =2

defining =he rtasc progranm,



6.2.1

§.2.2

General 3equiramentcs

The piping systam shall be insrrumented on scraiznt pipe wich
sufficient number of §3ges near pointy where maxizum scresses
in the piping system are 2xpectad o occur. Strain 3ages snall

be Loca:;d remoce Irom 2oi1al3 of stress conceatracion.

Evaluacion of s=Ne Vegsured esoonses

he experimentally obtained scrains at the instrumented foincs
in cthe piping syscen snall be converted 2o a J=component noment

set and evaluaced using the acceptance srissria of subsection

3.2.1.2,
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THSTRUMENTATION AND MEASUREMENT TECENIQUIS
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Instrumentation ané neasurement technigue guidelines and
suggestions are contained in nonmandatory aprpendix A. Note

that this secticn is not intended to be all-inclusive and =he

most up-to-date iastrumentation and measursment tachaigues
appropria:; tc the vibration amplitudes and frequencias of the
piping system may be used. All instrumentaticn snall se reviewed
against the exgected test cnvir:nmént (pressure, temcerature,
humiditcy, etc.) and against the expectad rance ¢f s’stem resconses
(£requency, displacement, veloci:'; ete.) %0 detarmine its

capability of functioning as required.

The acceptance criteria in this Standard is based on zero to
peak piping deflecticns, therefors the instrumentation used
must result in actual zero £o feak measuremenzs. If the
instrumentaticn used yields rms measurements, then conservative
methcds nust be used to convert the ©ms measursments to tez?

£0 zeak values.



NMANDATORY APPENDLXTS

APPENDIX A
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temperature operation, physical durabilizy and vteliabilisy, ease
and scabilicty of calibracion, incriasic low noise, linearity over
a4 wide dynamic range, small mass, and ease of application for

ahsolute measurement.

Of che zwo tvpes of plazcelecsri: aczelaromeczers in 7ida use,
shear-mode accelersmecers uiﬁh aigh seasitivicies ( 10 ?C/3) are
the prefarred type for low={requency =measuremencs (below 3 Hz),
Yecause compression-mode accelerometers tend o produce spurious
oucpucs (from case deformation and thermal shock) ac low
frequencies, Accelerometers %hat have thelr sigmal recurm lead
electrically isolated from the aeral case facilizace conerol of
unwanted ground loops, but are considerably acra expensive than
the grounded case varlacy. .Ocher zechods for concrolling ground

loops are created {n section A.2.1.3.7.

Accelercmecer characteriscics of Particular i{mpertance for

Piping measurements are:

a. Variacion of sensictivity wicth temperature. [° the change
in sensicivizy from room tenperacure 2o eperacing camperacure
exceeds 103, a correcction facsor detarnined from tie sanu-

facturer’'s data sheer shculd Se applied.

b. Variacica of sansitivicy wich fTecuency. This variacion
depends on zhe type of idccelarcmecer, the acuncing z2chnigue
used, and vhecher (5 oytauc 3ignal i3 fed ints a charge=-
sensicive amplifiar or 3 voltage~sensiciva amolliliar,

Variation of sensiliivity mav Se ais 1130 as 1T ner decade in



NONMANDATORY APPENDIVTS
APPENDIX A

INSTRUMENTATION AND MEASUREMENT TZCHNIQUES

A.l Visual Inscection Mechod (TMGC 3)

The sizple aids suggested in secsion 4.2 for estimacing the amplicude
of displacement aras not required zo yield precise results. Zven so,
the user shou{d be cauticned againsc acttampting o0 use these simple
aids under circumstances whers arronecus escizaces @ill alzost surely
be cbtained. TFor example, low-amplizude (<30 ails) vidbrations ac
relacively high frequencies (20 3z) would be difficul: $9 quancify
with a spring hanger scale. Likewise, low=fraquency (&5 Hz) vibrasions
are usually difficuls o read with am cpetizal w“edge Secause che eve's
persistence of vision is {zadequate r2 yield a discimcs {ncersec-ivn

between the dark and lighc regicns of :;c wedge,

A.2 Sizplifiad Method for Qualifvring 2i3ing Svstems (VMC 2)

Many of the following discussions regarding hardware selec=ion
and methodology for VMG 2 are also applicable =o the Rigorsus

Verificacion Meched ("MC 1).

A.2.1 Hardware
2 1L 11

A.2.1.1 Sensor

One sensor for MG 2 Teasurements (s cthe piazcaele

n
(2]
"
ph
1]

acceleromezer. I:s advantages {aclude a sapapilizy for high

. - -



c.

frequency. 1If the variacion in sensitivity exceeds 10% over
the {requency band being neasured, data should be corrected

in accordance with the manufacturer's data sheec.

Maxizum temperature of operacion. Under no Circumstances
should the maxizum Jperating temperacure specified oy the
Ranufacturer be exceeded. Zowever, diract dctlachment co the
Pipe surface is usually feasible because acceleromerars with
Zaxinum temperature racings of ae least 630° 7 (343° C) are
rteadily availabla. Thermally i{asulaced J0uncs z=av also be
used, if lecessary, to reduce the temperature atc che

acceleromecar.

High-frequency resonances. I2 additisn 20 the ralacively seall
variation of acceleromecar sen*izivicy chae Qay occur over :the
device's working frequency baad (izes b above), almost all
accelerometers exhibic 3Teatly increased Tespenses i1 a range
of higher frequencies (usually 3 8z or 3Teacar) whera che
dccelercmecer i{nternals rtsoﬁa:a. To 2he excent fossible :zhis
frequency ragion should Se avoided, since Tespense corraction

faczors will he larze and =pracisely incwm.

Cables

Low-noise flexible Coaxial c3ble (s strongly recommended for

use

between the dccelerometar ind =4he signal corndiziomer (or

femoce oreamplifiar, L7 sne i3 Tequirad). Such caple is availapla

for

Sontinuous oceration of 30Q° T (a80° C). A few tpes agy |

- -

used far shorre tizes atg hizner f2mpericures, and scme iXTosed=-

Sraid zable can Se used centifuously 1t higher sams

~eLSeraures.,
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Aeloled

LW2.10.3.1

et

Hardline (non=-flaxible), mineral-insulacdd cable is not recommended
for temporary insctallacion of sensors because of its hizh cose,

suscepcidbilicy to facizue Zfailure, and difficulcy in tastallaticm.

If possible, the cable should be contiauous (conneczionless)
from the sensor to the siznal :on&i:icning unit. If conmeczors
must be used, then precautions shnould e taken o avoid che
introduction of moiscure ac these locaticns, since both syscea
sensitivity and reilability may be adversely affecced.

I 4

(!5&\)

Iz general, long cable runs ( > 100 £t Secween the sensor and che
signal condiiioning uait will produce high aoise pickup or signal
attenuacion, and a remote prearplifier (or remota charge comverstar)
will be required 2o avoid thesa diffizulzies. Consuls che accelaro=-
meter and cable manufacturers' dacy sheets fo. Jletails. The
connecticn between the remoce chasgze converzer and cthe signal

condizioner may be made with {nexpensive csaxial cable or wizh a

shielded twisced pair cab .e.

Siznal Condiczioner

A signal condi:iloner with a charge couvercar Lapuc (commonly
called a charge amplifiar) (5 recommended bSeciuse e accalersc-
Recer sensitivily does not vary with cable length when used (n
the charze =0de, whereas accelerzmerar sensitivicy varies wich
cable la2ngth wnea it (s connecrzad =3 i1 volzage~-sensitive

amolifiar,



AoZ.l-J-Z

f\oZ-an-J

Integraciag circuits yielding velocity and displacement ouspnes
from the acceleracion signal aust be included {a the signal
condicioner. Gain nornsl&zicion for dirccc*anorpora::on of
3cccl¢:ogcc.r sensitivicy (as supplied by che Ranufacturer)

is an Lapog:an: feature because all Oututs can then 3e Jesigned
L0 read out direccly i{n adsoluca v‘loci:7 and displacement unics.
This gain normalizacion would t7pically he vequired o Jccommodate

accelercmeters with sensitivities ranging frema=~10 to 250 pC/3.

frecuency ange

A working range fram 1 so 1000 #z will cover Praceizally all

Piping applicacions.

Tidrasion Scale anze

The sigznal conditioner snould typically be able ro Jeasure
velocities over the range 10'2 €3 102 in./sec mms, and displucu=
aencs from 107> ea 10 2. ms. It should be realized thac chese
Teasurement ranges aire necessarily frequency dependene, i.e.,
due to physical limizacions of Sackground noise ind {nstrumency~
tlon noise, zhe lowest levels of vidracion sannot Se measured
reliably ac the low endiaf the Irequency and and, converselyv,
the highest neasurement Tanges would raprssenc unrealiscically
i3h acceleracicns ic she Aizh end cé the Irequency sand. for

further 3uillance, see sec:ion A2,

To asrovide dCfuraca measuremenrs ver tie wide mmolizude rances
sveciliad ibove, =he signal condi:zioner =av arsvide everal

fixed-gain 1d}uscmencs 7T lacermediate full-seale rances.

O
N
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A.2.1.3.4

A.2.1.3.3

A.2.1.3.6

High-Pass Filcering

At least two switch-selected low-frequency cutoff limirs
(typically 0.3 and J Hz) should be provided =0 elizinate extreszely
low=frequency siznals and unwanted noise. The filzar complexicy
should be ac least two-sole (12 d3/octive) for velccizy signals

and ac least cthree-cole (18 d3/oczave) for displacesent siznals.

Low=Pass Filcering

Low=pass filcering of at leasc two-pole complexizy should e
applied act the ugper and of the v;bra:ian sand to elimizace
unwanted high-fraquency noisa. The cucof? frequency {3 noc

eritical, but would typically be~1000 Hz.

(Nocte: We may want to supply frequency response aczuracy
(say #1 d8) specificacions for A.2.1.3.4 and £:2.1.3.5, 1n

addition to the approximace -] 48 cucaf? frequencies. ]

3and-?ass Tillzering

Further filtering of the velocity and displacement siznals =ay
oftan be desirable %o reduce interfareace ameng closely spacad
frequeacy components, cc anhance the signal-cc-noise racia,

and to help isolate vidbracion =cdes. To these ends, a switch
should be available to orovide aither wide-hand (liaizad only
by the set:tings selected under A.2.1.3.4 and A.2.1.3.3) or
aarTow-band signals. TFor the littar, zhe Sand center f{Teguency

should 2e continucusly idiustable fram tne front sanel

-

Jver Ctaree,

One-decade ranges Irom | o 1000 H3. A fecommended sandwidch



between -] dB response frequencias is 10-20% »f the ;ﬂn:nr
frequeacy, i.e., a "Q" between 5 and 10. The complexity of the
ilcer should be at least cwo-pole (12 dB/ocrave). Calibrated
fronc-panel indication of cencer {requency L# ccslr;blc. Anli

alternacive zethod for achieving the same sads ‘s to amploy a

specirum analyzer.

A.2.1.3.7 Control of Ground Loocos

A

9 %

“me e,

The signal conditicner should have a fronc-nanel swisch shae
ptovidcs.scparacion of the sizmal refarences ‘sr rhe fapuc circuics
and the cutput circuits. This allows an incarmal diffcrencial
circuir to remove common-mode ground voltages caused by having

the transducer case zrounded at the 20int of measursmenc. The
switch and differencial Anplific: srevent large 3round-circuit
currents from flowing through the accelaromecar cable shield,

and thus help =5 =ainimize the appearance of line-frequency components

at cthe output terainals of the sigmal conditicner.

Qutout Siznals and Readour

The AC ocucpucs for velocizy and displacement saould R"ave 1 conven-
ient, round-number voliage asscciicad with f{ull-scale outpuc
(e.3., 1.0 V ms). These cuctsucs are for viewing che stinal wave=
forms with an opetional 9scilloscope.  Peak output zapabilizy of

210 V 2t 10 =2A with 30-ohm sucsue ispedance (s sufflc.enc.

I1a addicion 0 an oscilloscove, a 3uisadly dumoed andiae Setss

b oo | : wor 399 ) iaes g  Nail
is stronglr recommended i3 indizate the true e value f

. el

&l



displacezent and velocizy. Due o the cyoical

tize=-varying

amplicude of the signals bSeing aonictored, dizital indicators

. are Renerally unsacisfactory for quantifylng viSracion slgnals.

Furthermore, a true rms i{ndicacion (racther than an average

' or peak value) L3 prefarred Secause vidbracicn siznals typically

encountared 1ay Se almost randem ‘n charac-ar

i gausa‘an amplitude distriducicns, or quasi-per

factors, and sometimes aixcures of all thres.

7izh near-

Zodic with sinus-

oidal amplitude discribucions. or pulse-lika with hizh crest

1I m=s zeasurements

are obtained, the requirements of seaczicn 7.0 ara o bHe used.

Aedelebhed Averagiag

\veraging the ocutpuc of the true rms eizculizy (s requirea o

dachieve a stable meter i{ndicarion. e low~nass cucsf{ fraquency

“ required {s related 25 the zini=um 2easurement frequency

selected by the user's choica of Aigh-pags filzar (n section

A.2.1.3.4, If tuo=pole lcw-nass filcering of the =rue m™s

i: A Jutut {5 used to achiave 2his avn:ag:nk. a cutoff Irequency
:1 of no nore than 1/ zhe ainizum irequency of =easuremen: is
Py Tecommended. This choice will 7ield a peak-to=-neak cizole no
-
e ireater cthaa 5% of che (ndicated mms value ‘or 3ine waves thrsugh-
.i out the measurement >andwidth selecsed. The settling ctine for
< such a filtar s approximacaly 1/ o Seconds, wners fg i3 the
‘; lovest measuremenc frequency, expressed in Rz.

b ] . ¢ . -
Ava il Auxiliares sguisment

An oscilloscope for riswing the “avaicrms of cthe

displacement Jutpucs frzom she $22nal

velocity and

s opcicnal suc



quite helpful under many circumstances. A real-cime frequency
analyzer (fcr modal separacion) and an analog ™ tape recorder

for data preservacion and/or adéitional off-line study and
procoa:t#g) are also useful, but opetional, equipment. The averaged
outpucts Er&n the true ms cirsuisry descrided {a section A.2.1.5.2

aizht also e made available o an optional SCTip chart recorder,

thereby providing a permanent record of the analog meter indication.

A.2.2 Alternatives

A.2.2.1

Acceleromecer Limicacions
M

All transducers have limizacions and some alternacive senso:;s
way give superior performance under certain circumscances., Two
intrinsic shortcomings of Plazcelectric acceleromesars chac mna s
tause difficulcies (a oslanc Piping applications are (1) low-
level, higi~impedance ocutsuz, and (2) poor aignal-co-nois;
(S/N) ractio ac low frequencies, Particularly following tae

double integration required to obtain displacementc.

Ia all buc the =ost severs eleccrizal incerference envircamencs,

the accealeromecar's lowelevel Suijucl can nevertheless 2e nade 2o
7ield an accepcably high 3/¥ raczo 9y placing a preamolifier (wizh

or without charze converszar) close to the sensor and bv using cne

of the recommended low-noise cable Cypes descridbed in secsion A.2.1.2.
Should chese =easures fail, the user =ay e ibla o 1caleve secsar
periormance <ith the Aigh=cutpus, low-impedance ievices ieacribed

<2 sections A.l.J.2 and A.2.3

-+
“ -
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A.2.2.2

Difficulties in inferrving displacements ac low fresquencies freom
acceleromecer signals often arise Secause che sensor responds
inpcren:ly to acceleraction, not veloecity or displacemenz. The
latzer required Outducls musc therafore be derived ay single=-

and double~{nzegracions wizth Tespect 0 tize, and these overations
produce a3 magnificacion of ;uy low={raquency extraneous 20ise chac
aay be present. This diffizulsy czan be aoverszoce by esploying
alternacive sensing devices that respond inherancly to veloeity

and displacement, aas follows.

Velocizy Sensors

Velocizeters (or "velocity pickups”) are sensors desizned =o
reaspond %o chis 7ariable direczly. They usually consist of a
zoving coil or =oving magnet arTanged so that the electrical output
generaced s proportional to the rata at which the nagnecic field
lines are cut by the moving elemeat, sud nence i{:s5 velocity. The
2ain advantage of these alecsrodyaamic sransducers aover Plezoeleczric
accaleromecers (3 thelr nigh~lavel, low=-impedance cutpur, therehy
2aking their sizr-ls relactively ‘=mune =5 electromagnecic noise
pickup. Their chief disqdvan:ages are their larger size and their
jomewnat TestIicted useful liiear hamdwidsh. Like ac .alercmeczers,
they suffer from resonant resoonses ac nigh frecuencias and
*®ntamination from backzround ac laow frequencies. The latzer
shortcoming limits their usefulness in providing displacement
indicacions at low {resuencies, gince =he lecessary ilacagrazisa

tends T2 implify low-frecuency ~oise selaczively,



Disnlacemens Sensors

Types of direct sensing displacement transducers applicable to

piping vibration measuremencs are the eddy current sensor (or

"proximity probe”), the linearly-variable differencial transiormer

(LYDT)  and ‘the lanyard 3age potencicmecer. All sense adbsolute
displacement ralacive 20 1 ‘iged reference, ind zherafora nave
frequency response and $/Y curves that are uniforn all the way
to zero trqqucnry (BC). This is their chief advantage, along
<vith high ‘elecsrical cuctsut and hence {=munity 2o extranevus
20ise. An attendant disadvantage, Qcwever, {3 thac they 3usc
be mounted firmly zo some strucsure that is stacionary relagive
to the vibrating sysctem whose displacement is co be Jeasured,
and this is often 4ifficuls ¢ acccmplish i a. cperacing plune
environment. Other disadvaa:agos“ot thase sensors are (1)
generally poor high-frequency response, (2) limired range of

displacement over which the transducer tesponds linearly and

without hysteresis, (J) need for special accowpanying 2lecsranics

(oseillator/demedulatsr) and 2abling, and (4) ‘a some cases,
h4zh noise, offsec acrors, and limised (quancized) disolacement

resolucion.

Soeeial Struacions

More exotic instrumentacion (e.g., laser sidromecers zhat letes

the Doppler shifs accompanyiag aoection of the tarzet) i3 cemmersially

available for zhose svecial s{zuatisns requisiag unusually high

2easurenent iCCSuracy or whare cnyeical access o thm vwiberagtlay

STTuCIure >roniditl use of the sensors already feuoT.led, Lug
devices are 200 specialized ©9 warsame furTher JuL.tiptaon ia

this cocusment.

B
-
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A.J Rizorsus Metched for Qualifviag 2i5iag Svsteas ("G 1)

In addition to the instrumentacicn discussed for MG 2 the follcwing

inscrumencation i3 applicable =o MG 1.

A.J.1 Scrain Cages “echod

o~
[

-
.

The method of scrain gzages i3 a method of measurement of strain
d éa/in) ac selezzed poincs in che piping system which can, in
turn, be related to stress. Test inscrumencacion system Sypically
consists of chree major {tems: 3Ilectrical scrain gages, signal
condizioning, and daca fecording systems. The type of 3ages
norzally used on the piping sysceme are either the weldable or
the bondable type. Svaluaticn of the temperature and radiaciom
level will limi: che use of Sondable gages. 'Weldable gages are
aveilable which will operate for =11 temperature and radiacicn
levels tyoical of nuclear power plaat piping syscems. Th; usual
requirement is that the scace of 3tTess ac poincts om the pipiag
fystem can be determined frem stTain~gage readings. This iaplies
the use of an appropriace theory relating scraias oo SCTesses.
The validity of che final resul:s dapends upon the validicy of

any relacionships used in feducing the daca.

Problens Sacsuntarsd ‘n sha Jse of legistance Srwrain Cages

—

The user of scrain 33ge3 2usC de aware of scme problems
encounterad >y the use of these deviges. Some of cthese aroblems

are:

™



(a)

(%)

(e)

(d)

Tesperature Cococensacion: [€ scraia 53523s were to be ysed
for a long pericd of time, temperature fay vary over a long
pericd of cime; it is extremely ‘m=portanc thac temperacure
compensation be as perfec: as possible. T[f temperature
compensacion {3 imperfecs, ihea readings incerpreced as
varying scrain may only represent a variacion (n cemperacure.
Due to this variacion ia fexperature, the scrain gage§ are

not recommended for stacic ?1iping stress zeasuremencs.

4

Sond Stabilizw: any shrinkage, swelling, or cseep of the

bond or any change {a the conducszivicy of che Send =ay
produce a signal wnich is uarecognized from che scrain-gage
signal. Adeguacte cu;iag of strain-gage bond for long-cem
tests is imporctanc.

Instrument Stabilisw: Many factors acting on the scraln-

3age circuit and signal device 2ay raduce signals thac
are unrelated to strain. Chack for resistance, supply o
voltage variation, and o enrreer for any drift {3 che

indicators prior to scart of the casc. .

doisturesvoofiag Strain Cages: Moisture acss to reduce

the gage-co-surface resiscance or parsially t2 shors

Sircuic the leads or sections of the gage itseli. This =mav
Produce i change in resistince wnizh i3 equivalent to strain,
Moistureprcofing is aecessary f{or indoor and cucdoor tescing,
Some moisturesroctiag technigues are: Curing the dond,

iasulaciag, or use Molisturenrcofing agencs, oT over the

entire assemodly with Ipexylize or camparable =atari.l.

Q-

.3



As3.1.2

A.J. L-J

A.d. 1.4

tTain GCages Subtacted %0 Nuclaar 2adlac<an

The use of bdonded resistance strain gages in radiacion environe
mencts i3 a suspect. Aany organic material (most strain-gage
bonds) are affected by meodest asmouncs of radiacion; the radiacicn
produces dizensional changes as well as change in the =echanic
and electrical properties. Shors-tize tests can be zade duriny
irradiacion until zage-to-specizen resistance Sreakdowns. Some
semiconduccor devices are affeccad Sy radiacican damage; acwvever,
silicon seamiconductor zages will taleraca radiacion flux of ac
leastc 101‘ pnrticlcs/c:z with energies gTeatar thaa 1 Mav before
changes in rasiscance of gage factor ocsur. Special attenticn
should be paid o scoldered scrain 3ages joiacts and lead wires,
since they are alsc affected by radiacion. Welded connecsions

are recommended.,

Strain Measursmencs ar Yigzh Temperacuras

Many techniques are available to use scrain 3ages ac leow or high
017%) (eS0%)
.

temperacture (350° 7%= 1200° 7 Yecallurgical changes thac

produce sudden and/or irveversible resiscancs changes ars not

(177 %), 2
. surne } 1s0° ¢ ond £ 5
encouncerad ac temperatures Selow 1S0° T¢  Strain-gage 2anufacsuzdl)

-

reccmmendactions are o Se followed when using strain zages

above 350° 7(177°¢).

Cata ?rocassing

Steady-scate ind transisac vidracion data of »iping systams should

(44 tm/cm)

be raduced 2 cbtain maximuz scraia ,a&:zac:nx-n,ia: points where



saxinun s:resses‘rre predicted by analysis due to vibracion.
Evaluacion of daca shall Se made where the macerial on which the
§ages are mounted behaves {n accordance with the linear theory of
elascicicy :hroughogc the range of scrain being {nvestizaced.
Zvaluacion of str~--es from Zeasured strains beyond the elisecis
liniz is uncertain due to the lack of practical zeched for

relacing scresses o strains in this region. During daca processing,

attention must be paid to "gage fictor” value for uniaxial scress

’

fleld.

tS\
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NONMANDATORY APPEMDIZ 3

i{s appendix describes two mechods of obtaining modal displacements of
the piping system “rom the measured total displacement time history. It

is recommended to be used in conjuncstion with mandacory section 6.1l..

b
8=1 Fourier Transform Meehod™

The recorded acceleration, velociszy, or displacezent zize historias can Se
converted Co a spectral density funccion using Fasc Touriaer Transform
techniques. The spectral densizy should be compuced ia che frequency range
which conctains the axpectzed predominanc Systam Tasponse. A sufficient

number of spectral averages snculd be =ade =5 ensure thac she densizy function
has converged. Incegration of the density fumction aver discrece fregquency
bands arcund the pradominant modal responses yialds the RS zodal responze.
These can readily be converted t2 peak-tn=,.2ak response through comsideracion

of the 3caristical propercies of zhe respcnse.

In addition to che modal Tesponses, the spectral densi:y funcsion will
{ndicate system response ac detarminiscic irequencies associatad wizh shafs
and blade passing frequenciss of Totating equirzment which feed zhe piping

“ .

systen.

The piping displacemencs at chese fraquencies should Se decarmined. ae
Piping displicements at these ‘requencies should Se absoluctely sumred wich

the medal displacemenc of the piping svstem =ode wnich is aearast =3 the

. .

deter=iniscic frequency or which closely resembles :he displacad con=-

-

{i3uracion az zhe determiaiscic {raquency.

e
"y

“The user of 843 mechod Ls refarvad =a tae lacesc revision of ANSI 3210

-

*ftitled "Methods for Analyseis ind Fresencatian 2f Shock and Vibrasion

-

caca,”



8~2 Other Mechods

Alternactive zethods may be employed, such as =odal superposition, provided

damans*rar  ily
that the zethod used is SCIoly conservative and the test analysis

correlation requirements of section 6.1.4 ars =et,

’
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NONMANDATCRY APPEYMIX ¢

o
This appendix presents a mechod for couvcrting meusured modal disp lace=-

ments of the piping wysucem to bending scress (or Sending momencs) through
ut!lizacion of unulyeically obeained modal characteriscics. [: (s

recommended to be used (n conjunction with mandatory secticn 5. 1.

C~l Tesc/Analvsis Correlacion

The modal displacemencs, at each measurement poiat, obtained i{a seccicn 6.1.3

should be tubulated and aormalized o an appropriacte value (such as the Q
1
-«
maximum <isp lacemenc) {n . mode. The relacive sign of each dispzdctnng; ‘
“Fa -
can de obtained by computing the phase detveen zeasurement points using - .. > <

Ffourier Transform techniques. This ytlelds a normalized modeshare and modal

- -
frequency sbcained Oy test that can be compared t9 analytically obcained ' * e
. - -‘.h mg 4.
aormulized nodeshapes and frequencies. The tesc and anulytical resul:ls el
> - P : ‘f‘

should bde correlacad according to the mandacory requiramencs of 3¢czzon-du1:4: -
- P 0 ‘
-

Y

&)

L-1 Evaluacion of she Measured 2esponses -

daving achieved a correlacion of test/analysis resulcs, the analycically

obruined modal moments or Strasses in ths system Piping can be décarmined
4$1ing the aczual modal Tesponses obtained :rvom the test daca. This can

%¢ done in the following way.

e meusurcd modui diso lacement ac Potat j in mode { (demoted Sy 0°,.) 1

&

divided bv the corresponding anulytical displacement (DA; ), vielding

i3

‘he modal response faczor _ T

-



Theoretically, all !1’ within 4 mode should be the sume {f perfect correlacion

of test and analytical mode shupes has bDeen achieved. Healiscically, however,

the kt;

modal response f[4ctor for mode L (dencce as K‘). The maximum K‘j should be
chosen from among those Klj in the direction of predom. _anc modal mocion,
to reduce unnnccss’;v conservacisms. Having obtained the modal response
factors (KL) for each mode, the cest strass vectzor (Srj) for aach mode

should be calculaced by premulciplying the analytical stress vector® (SAJ)L

by the modil response factor.

Ty, ek (5*)

Rl (s e L L

The modal stress vectors thus obcained should be combined b¥ an appropriace

conservative method to obtain the total stress i{a the piping.

*It {3 assumed (n this method thac zhe stress vecszor includes -he stress
indices 4s defined in subsection J.2.l.2. Altermatively, zhe mndal
bending momencs (n the piping (obtained ‘rem che =odal anal/sis of zne
Piping) can be converted 2o stress using the esquacion for 3 defined in

£ ]
£ 4.t
subsecsion J.2.1.2. :

will vary. Therefora, (or each mode the zaximum Klj is chosen a4s the
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NOMMADATORY APPENDIX 3

L
e

This appendix describes a method for esCablishing a velocity eriterion

for scree=in; piping systeas. Using these procedures, Piping systems

requiring further analysis can be determined. This appendix {3 co Se

used in conjunction with seccion 5.1.2.4,

D=1 Valocity Criterion

The expression for allovable peak velocity from $.1.2.4 is

-3
€,C, 3.64 x 107" (0.8 5,))

v - ——

all C3 CZKZ

C1 ® Correction facior that compeusacteas for cthe effect of conceatrated
veigncs. If concenctraced weight Ls less than 20 cimes the weizhe
. of the span for straizht beams, L bdends, U bends, and 2 biads,
4 conservative value of 0.12 can be used far screening purposcs.
C, ® Correction facszor for end conditicns diffarenc from Eiatd.cnii
and for configuraticns different from straigzhc spans.
As examples:
65 = 1.33 for cantilever and sizply supported beam
ca ® 0.74 for equal lag Z Send
Cs ® 0.33 for equal leg U dend
C‘ = 0.7 as conservative vai;u for screening purposes.
CJ ® A corTection facIor acsountiag for pije contenmss and iasulation.
For contents and {asulaticn equal 2o the weight of the pipe, the
value would de 1.414. 12 zosc cases i: i3 less cthan L.5.

C,X, ® Stress indices as defined in 331.7, Appendix D, Table 2-201.

(=]

C.X, # 4 for zost piping systems.

(]

e



0= Screeains Veloelisy Cricavrion

*3,
If conservative values of the correction factors are sombined. a cricerion

can be derived which should (ndicate safe tevels of vibracion for any type
of piping configuracion, Using this criterion, Piping syscems can be checked

and those with vibration velocity levels lower than che screening value would

require no further analysis. PLiping systems zhac have vibracion velocity levels

higher than the screening value do not necessarile have excessive scresses,

but tfurther analysis is Qecessary to escablish ics daccepcabilicy.

The following corvecsicn factors are considered £ Se conservactive values

and should bSe applicable co =0sc piping cenfiguracicns; however, the P

-

conservatism for extremely cemplex piping configurations cannoc e actasced

. S ¥ty
- . ~ e
¢ ©0.12 Thy
- ";'I“
C,K.. - . & % ..‘.' A Lo
- - :?..‘9‘ < spe
c) - 103 * "”f_ _."-‘. i
c‘ = 0.7 """ ,'~I N "

0.8 S.l = 10,000 pst

v e £0.12)(0.7)(.00384) (10000)
all (1.3)(4)

vall * 0.5 in/sec Screening vidration velocisy 7alue.

0=3 Use aof Screen&ig_zghrici:n Jelocizr Talue

A screening vibracion velocity value of 0.3 iP3 has bSeen ascablished
“hich can se used ia sonjuncstion with 5.1.2.4. ?iping syscems wiczh Jeak
velocities less than 3.5 ips are cunsidersd %3 be safe from a2 dymanmic
itTess scandpoiac and Tequire no further analvsis. If sidbracional
velocizias greacer chan Q0.5 {ps are Seasured, thea ‘yrstar ina.vses are

2quired =3 detaraine dcceptabilicy,

-

s



i

The fi:rsc scep 23 taka LI vibration velociszies are zveaczer than 2.5 ios

i3 to deter=ine zore accurace values of the correcticn factors ., Cl. and
-

C6 and the scress {ndices sz, 80 that the applicable velocizy criteria for

the piping sysctem in quescion can Se ascablished.

’

.’




