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OBJECTIVE ! TO DETERMILE PATIGUE CYCLES FOR CPSES Pipe SupponTs

TO COMPLY witH THE ASME BECTION I NE-3130ConE
REQAUIREMELTS (DESIGH RULES Fofl LINEAR TYPE
SUPPORTS ), THE RULES FOR DESIGLING LINEAR TYyPE
SUPPORTS G ivEN 10 WF 31323 ARG ESSENTIALLY TuE same
As THOSE GuavEM 1IN WF - 3230 FOR LINEAR SLASTIC ANALYSIS)
ElClP‘r THAT T™E MAXIMUM RANGE O©F SYQ.“, )JAMSL’
T™E DI/FFERENCE BETWEEL THE minimum AND MAXIMUM
VALUE OF TWE QTRESS "THROUGHOUT EBACH CYyeLlE anD
THE FREQUENCY WITH WMIEH THE SUPPORT will BR
BUBJIECTED TO ™IS RANGE ofF STRESS  SwHALL BE
TAKEN INTO COUSIDERATION wWhWed SO0 ST poLaTeD By
THE DESIGN SPEC FicATIoN (N A ~32180). THE Twutonry
OF FALURE USED 10 THE RULES FOR TWE DESIGL oF
Luear TYPE SUPPORTS 1S THE maximum BTRESS ™EORY.
IU ™ML MAXIMUM STRESS THEORY  THE CONTROLLING STRESS
1S THE mMAXIMUM pRINCIPAL STRESS . SUPPORY
MEMBERS AND THEIR CORNECTIONS SUBTECY X0 A
MUMBER oF CYCLES ( > 20,630) oF FATIGUE LOADING
RESVLTING ‘N DAMAGE AS DETINED W us-ssax.z}
SHALL BE PROPORTIONED TO SATISFY THE STRESS

RANGE LIVMITATIONS
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ASSUMPTIONS

1.) THE MAX. 30 CYCLES PER OCLURRENCE ARE LBED FOR
ELUID TRALSIEDT CALCULATIONS OTHER TaAN CHEMICAL AND
VOLUME CONTROL AND ™MAILD STEAM SYSTEMS . T™HE 30 Cycles
PER OCLURRENCE WERE ORTAIWED By SWEEPRING
THE BINGLE DEGREE oF FREEDOM SYSTEM AT TWE MaJeR
FLOUID TEALSIERNT FREAUVENCIES FounD 10 T™ME FoRCING
FORCTIONS .
2.) THE 720 CycLES FOR SEISMIC EVENT ARE ASSUMED.
THIS |S BASED on FsaR 2.7B.3.2 b EARTHALLKES
AND 120 ¢ycles PER EARTHBUAKE,
2) SIVGLE DSGREE OF FREEDOM MooeEL 1S USED To PREDICT
T™E POSSIBLE RIGHEST FLUID TRANSI\ENT RESPORSE
cyeles C REF 5 b
4.) UMT 2 ASSESSMEMT ON THERMAL CYCLES CREF 4 ) 18
APPLIC ABLE FOR LNIT | PROBLEMS.
5.) DYuAMIC STRESS CYCLES OBTAINED FrRom FLUID TRAWS) EWT
CALCULATIONS FoR UNIT | PROBLEMS |S AppLicARLE TO

UNIT 2 PROBLEMS OF SAmME BYSTEM.
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1S434 NP QENX=0 2 l
Rév, ©
ANALYSIS | THE ToTAL SERVICE CYCLES OF A PIPE. SUPPORT OVER 40

YEARS OF PLART LIFE 1S ORBTAINED BY ComBiNING ™E
TOTAL EQUIVALERNT CYCLES RESVULTING FROM THE FLUID
TRAUSIELT EVERT MID THE BRUWALERT %I5MIC TO THe
THERMAL ~ycLES ., TO ORTAILD THE FLUID TRAUSIELT
ECQUIVALEDT STRESS CyclES FROM ANy QiVEW

TIME msvaRy MOTION . THE TIMmE HISTORY 1S APPLIED

To SeVERAL SWGLE DEGREE oF FREEDOM systems

CSDOF ), AS BASIC EXCITATIOU. THE RELATIVE - DISPLACEND) T

RESPONSE OF EACH SDOF S Auh\.\/ltb IO Y'€LD
EGUIWALERT STRESS CYCLES . THRE CounT\wG 'S
BASED oV CALCULATING HALE OF EACY ALTORWATILG
Peak To PEAx REsponst |.e, Ui/2 Uiz Ua/y oo
€€ ;| AND THEM WORMALIZING EACH OF THESE VALLES
TO THE MAXIMUM SUCH RESPOLSE LUSILG AN EXPONENT
FORMULA . THE EXPONERT FoRMULA TO CALCULATE THE

EQUIVALERT CYCLES NEG '©® AS FolLlows

n P
Ual?2
M = ——
e le Amax/2 ) )

WHERE M REPRESEVNTS THE ToTalL ALTERNATILG
CYCLES 1w THE REZIPONSE, Umac 15 THE MAXIMUOM
OF ANY PEAK TO PEAX RESPONSE AND P 1S THE

EXPORELT

~
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FIGURE |

ONE OF THE IMPORTAUT PARAMETER (N EGQUATIOV(!1) 18 P, THIS VAWE
DEPENCE oM THE PoaTiow oF TwE SN FANGUE CURVE WHERE §;
V2 . .Y LOCATE . A SIMPLE AND CONSERVATIVE METHOD 18 TO
USE TUE SLOPE OF S-W) CURVE AT THE MIGHEST STRESS LEVEL RATHER
THAL USING THAT OF THG CORD BECAUSE OF THE CONCAVITY oF THE CURVE
THE RESULTS oF a swoy oF THREE TyYPES CF MATERIALS (1) CARBOW,
Low ALLOY , AND HIGH TEOSILE STEELS (L) AvSTRELITIC STEELS  WICKEL-
CHROMIUM = 1RO ALLDY , NICKEL = iRON - CHROMIUM ALLOY , AND Nickel-
CoppPER Alloy AD (3) HIhiGH STRENGT) STEEL BoLTIVG , WDIeATE
A CoNSERVATIVE VALUE OF Pr?7 CAN BE USED . ThE VALUE oF
P=72 CORRESPONDS TO A BTRESS LEVEL OF AaBouT E50KS! AwD
SHouULD EWNVELOP THE MAXIMUM STRESS N AN ENGINEERED CompousvT,
THE EQUIVALELT TWHERMAL CYCLES 1§ DETERMIVED FRoM THE ASNKE
NC= 3kl PROCEDURE . TF TUE RANGE OF TEMPERATURE CHANGE

VARIES | EQUIVALENT FULL TEMPERATURE CYCLES MAy BF CompuTeo
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H b -
N:”‘**.U|*Y‘Nt*""'r"un
W HERS Ng ¥ WUMBER OF CYCLES AT FUull TEMPERATURE LuanGE
ATe | FOR wwicH EXPANSION STRESS , Se Was BeEEN

CALCULATED

'u.,u; v v o Nn = NUMBER OF CyCeLE AT LESGER
TEMPERATURE CHANGES AT, , aTy, ., ,, aTy,
Yi,Ma ..., Yo (aT/(aTe), (aTud/caTE) ., " g
(ATa)/Te) = THE RATIO OF ANY LESSER TEMPERATURE
CYELES FoR wWMICH THE EYPANSION STRESS Sg WAS
BEEN calculLATED,

THE OPERATIVG CONDITIONS AND THE ASSOCIATED WUMBER ofF

OLLURRENCES ARE OBTAWED FrRom PROP § €10 DotuMEnTS.

THE PLALNT WAS 200 START UP / SHOT Dowh Cycles
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ANALYs1e (CoNTINED)
The DemiL METHID of CALCULATING EQUIVALENT
Feom ATT* S

oythc Cyel€s ,TUUSTRATED peLow

AR AT e I LN

wheze

N e GonBINED Oy NAMIC tyeles

Ny = SE15M1C CyelEs

P=20 |, RrC = ot FLUID TRMSIENT LohD

R = MAX . CoMBINED FLUID TRAUSIENT A 3€1sMi¢ LOAD

T e (™ Flud TRALS ERT cycles

J5ED To CoMBINE D)mau(c, cyeles Cfwio
TRAUSIENT AUD SEISMIc CpeLes)
SINCE THEMAL auD oymwc_ LoADLY ARE ADDEN D\acuz.y
To BE CoNs\DERED AS A ToTAL LoAD FoR SupporT
pe.s'cru, T™ME #BOvE MENTIOANED pyuhwc cycl€
CouBVRTIoN AND MAALys\s is CoNsldets D

VER CoNSERVATI\VE
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I, ASME BOILER AuD PRESSURE VESSEL CODE |, sicTion I, Division )
NUCLEAR POWER pLANT COMPONENTS ; 1974 EDITION, SUBSECTION C AND B, |

INCLUCING WINTER 1974 ADDEULDA

€ & v e e e e -

iy 2. PROJECT PROCEDULRE CPVP-\O, REV. | DATED 4 -1-8(, PROCEDURE
3 FOR REVIEW OF PLANT OPERATING WODE COWMDITIONS ,

“| 3 FSAR - FIUAL SAFETy ANALYE!S REPORT FoR CPSES, REV. 2-27-18,

e PRAUDING UPDATE AND AL AMERDMENTS AS oF 8-7-8( .

> 4 SEW CALCULATION 1861k ~ N = GERX =025 ReV. | TITLE FGUIVALEUT
. :° NUMBER OF THERMAL BTRESS CYCLES AWD STRESS RANGE REDUCTION

5y FACTOR FOR PIPING REGIOWS, PER PROBLEM | 0F TWE CHEMICAL AuD

be VOLUME ZONTROL SYSTEM (CS) OF CPSES UMIT L AND COMMOEL PIPING
s DATED 9-/5- 84

] Ys isase “NPE) = GENX =109 ReV.O “VERIFICATION oF TLuiD

e TRAUBIELT CYCLES CALCULATION PROGRAM .

L& SYSTEM I1DEULTIFICATION DOCUMERTS = CPSES UnIT

* SYSTEM REV. DATED

. ) SI1D - AF [4 b-16-80
": ¢t S'D -BR 2 -9-806
‘0 . 63 SI1D-¢A z ©-10- 8L
:; 64 SI1D -cCC 2 b-13-86
“ 65 S'D-CH [ C-11-86
o o S D-c1 2 _o-12-86

& SEE ATT® 8 (((onFiemATION Z5AUVIRGD)
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©'% SiD- KA NeT REVIEWED
615 SI1D-mS 2 7-23-806
66 SID-PS o) T-10-86
617 S\D=-RC 2 6 -12-80
618 SID -RH o 6-1-80
6 SID-RM # =} 8-19-80
620 S\«D -sB NOT REVIFBWED
621 Sp-SF [3 b-b-80
622 S0 -5t > =12 86
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624 Si1D- VA 2 6-12-806
81D~ VA 2 ARTA

625 S\0-VD 2 6=9-84
b4 S'D-wP s _©-9-8L

# FoR UNMT 2 eonLy
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7.1 18454 =\p8) = Fo! Rev. | DATED &/14/8(
PUMp START (WATER SLUlr IMPACT) ( TRAW A © B)
7.2 15454 <Np(B) = Fod Rev. o oarco 2/8/86
PUMP START (WATER SLUG IMPACT) (TRAN A % B)
7.3 18456« WP(R) = FO2 ReV. ! bAfeo e/24/806
PUMP TRIP (CWELK VALVE SLAM)
74 is4s4 -NP(B) = Foa ReV. ©  ©DATED 16/19/85
RELIEF VALVE DISCHARGE 8708 A, B
7.5 18454 -NPLB) - FoL REV. DATED I=io-ab
PUMP TRIP AuD Pump $TART (TRAW A % 8)
76 15424 ~NXBD= F19 v © DATED 2-3-86
PUMP TRIP AND PumpP START (TRAN A % B)
7.7 18484 - NXB) = E23 Rev. O PATED T7-22-86
Pump ETART wWiTH AR CoLumn
7.& 15434 *NXB) = - FoS Rev. © DATED 12-)9-85
RELIEF VALVE DISCMARGE B)17

7.9 15454 ~WKB) -« Fo7 Rev O DATED I12-10+85

RELIET VALNE DISCHARGE BIIA
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: T10 15454 - NpB) - F08 REV PATED | =25-806 |
: RELIEF VALVE DISCHARGE 8)20 |
|° Tl 15454 - wp(@) -  FOo9 Rev. O DATED 12-10+85
': RELEF VALVE DISCHARGE 8119
:: T2 15454 - NP(B) = F1S Rev. © DATED '=10-80
:: RELIEE VALVE DISCRARGE 812)
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( :" RELIEF VALVE DISCHARGE 8113
“ :: 794 18434 -NpRY - F17  Rev. © CATED 12-10-85
:: RELIEF VALVE DISCHARGE BSI1OA, B
:: 715 18454 - WP(B) = FI10 REV. | DATED L -23-8(
:: MAIN STEAM TURBINE TRIP
:0' Tk 15454 - NP(B) = F\B ReV.O DATED 2-11-80
:: FEEDPUMP TURBINE TRI\P
:: 717 15454 - Np(BY ~  FI) REV. © DATED I1°13-86
:: AUX FEEDPUMP TURBINE TR\P
:: ' 718 15454 - NPBY = F1L Rev. | DATED 8-56-80
‘.°| &/RV DISLHARGE
:?, 719 18434 -NpXBY - F20 REV. = DATED 6-'3'%‘”
:: PIPE BREAK (VvALVE sLAm)
- XA _PReuvamery RESVLTS BASED 00 TOM (copamATIown REGDRIDY
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REV. ©

7.

S VYW FLUID TRALNSIERT CALCULATIONS (COLTIVUED)

7.20 154594 ~NP(®) = £724 REV. © DATED 7 -7- @/
34% 1" THERMAL AND AR RELIEF VALE opEainG
T2 18454 - wp®) = F13 Rev. O TATED 3-14-80
PUMP TRIP (euEexX VALVE sLAmD
7.2 13454 - NP(R) = R REV - DATED 6-22- .(."
Pump TRIP (CHECK VALVE SLAWM)
723 15454 ~NP(BY = F14 REv. O DATED S-1-86
PRESSURITER S/RV DISCHARGE
T7.24 1S454 “NP(R) = 27 Rev. O TATED T=-10-86
RELEF VALVE DISCHARGE B8G34
725" 15454 -UpB)-F25 ®wev. 0 SATEC 7-22-80
OPENING AND CLasiNG oF 1S0LATION AND CarTRoL VAWEE
‘1.1(.* 15454 - Npce) ~F2l Rev. © DATED 1-23-86
CLOSURE o©oF THE SCREEN WASH PUMP SUCTION CHECC
VALVES .
7.27* 15454 - NP(B) - F27 REV, O PATED 7-19-80L
CLosinG oF 156LATIO0 VALVE 1N CC SysTEm

18454 -NXO=GENX =108 REV.0 " VERIFICATION 0F FET fRosoav .
¥ PRELIMINARY RESULTS BAED 00 1OM ( conFimmaTion

REQUINED)

+  FLLUID TRALSIELT LOADS ARE 1USIGDIFILART,

% SES ATTE L (CORRIRMATION REQVIREDD
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’ THE SUPPORT ENGINEERING APPLYS THE THERNMAL AN
.
: DYNAMIC LOADS TC SUPPORTS SIMULTANEOUSLY FoR CAPACITY CHECK.
’

IN LOAD CoumITioNn 3, THEREFORE Tue FATIGUE CyCLES
Cox BE COonSERVATIVRLY
- DETERMIDATION , DASED OU ENVELOPED CycLES ©OF TwE

g THERMAL ) FLUID TRADSIELT AND €8Bi8MIC CycLES AS SHoww
g Bl SUMMARY SECTION . THE THERMAL CYCLES FOR ALL
l'.' SYSTEMS EXCEPT CHEMICAL B VOLUME COoOTRoL ARE
) ': UNDER 7000 . THE DETAIL THERMAL CYCLE ANALYSIS FOR
(.‘ :" cHEMIcAL B VeLumE ConTRoL 1S SHoww W calculaTiov
° 15454 -Np() - GEUX-02S REV. ! (REF.4) AND THE CyCLES WERE PROVED

e TOBE LUDER 20000 . THE FLUID TRALSIEUT CYCLES FOR ALL SYSTEMS EXCEPT

5 STRESS PROBLEMS NO 23A,8,C © D 1\ MAW STEAM GYSTEM  Aee
. UNDER 16000, T™E DETAIL FLUID TRALSIEVT CYCLES ANALYSIS
2 FOR STRESS PROBLEWSE 22A,238B,23C B 23D 15 Swoww 1N
b ATTACAMEUT ®# 10 AUD THE CYCLES WERE PROVED YO BE LWDER
:: 20000 . OVERALL ALL THE SYSTEMS '©F SUPFORT
:: FATIGUE CYCLES ARE UNDER 20,0600 . AUD THERE FoRE,
": : NC HIGH CYCLE FATIGUE EVALLUATION AS SPECIFIED 1N
-~ NF 2132.3 15 REQUIRED FOR BOTH LLIT I+ ¥ UwniT 2

* SUPPORTS.

-
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NC-3400-NC-3611.3

NC-3600 PIPING DESIGN
' NC-3610 GENERAL REQUIREMENTS

NC3611 . Acceptability

The requirements for acceptability of a pipiag
sysiem are gven in the following subparagraphs.

NC3611.1 Allowsble Stress Vahues Allowable
 stress walues 0 be wsed for the design of piping
iy--m'vnhhbbl?.olumbh
,Mummm _

..-.

NCQ‘IIJ lhbdw&'-bun
Sastaioed Losds an4 Thermal Expansion

(a) Internal Presnure Stress. The calculated stress
due 10 internal pressure shall not exceed the allowable
stress values except as permitied in NC-36123.

(b) Extermal Presswre Stress. Piping subject 0
external pressure shall be considered safe when the
wall thickness and means of suffening meel the
requirements of NC-36412.

(¢) Allowable Siress Range for Expansion Siresses.
The ion stress, Sy (NC-36709) shall not
m&cdbnbummge.s..pmbym

lollcmn;!nuh
where
S, = basic material allowable stress at minimum
- (cold) temperature, psi
S, = basic material allowable stress at maximum
(bot) iemperature, psi
J= sress range reduction factor for cyclic
conditions for wowl number, N, of full
\emperature cycles over total number of
years during which system is expected 1o be
in operation. from Table NC-3611 2(c)-!
(1) In determining the basic material allowable
stresses, S, and S, joint efficiencies need not be
applied.

/(1.2.53' +02.5$.)

@
(

TABLE NC-3811.2(¢)1
STRESS RANGE REDUCTION FACTORS

- - x V °

VNN e e e P T e TS0

N | -
ATT® 3
R)Sv-mtmn”ty-nndlylo
poncOrrosive service And 10 COMTOsion ' resistant
materials, where employed o minimize the reduction
in cyclic life caused by corrosive action.
(3) U the range of temperature change vares,

q\nmlhnwcyd-nth
as follows:
( - N, +Jl.~1 A‘N’ " . v s '..N
where N,-l-h-'dqd-uhnuup
erature . change, . A T for
Mm sress, S,
Sas been calculated >
Ny Ny N,= sumber of cycles at lesser
temperature * changes, 4 7,
ATyw...AT,
Lo B AL MATY. (AT:)/(ATp.
.+ (A T, V1A T = the rano

dllyhienptnmg-
cles for which the expansion
strese. Sy, has been calculated.

(d) Additive Siresses. The sum of the longitudinal
stresses due to prossure, weight and other sustained
loads shall ot exceed the allowabie stress in the hot
condition, 5, Where the sum of these stresses is less

* than S, the difference between S, and this sum may
be added w the term 0255, in Formula (1) for
determining the allowable stress range, S,

NC-36113 Limits of Caicnisted Stresses

(a) Normal Operating Conditions. Th: sum of
stresses due (0 design pressure, weight, and other
sustained loads shall mot exceed S, and the re-
quirements of Equation 8, NC-3652.1 shall be meL In
addigon, either the stress range due  thermal
expansion as calculaied by Equaucn 10, NC-36523
shall not exceed S, ¢r the sum of siresses due W
design pressure, weight. other sustained loads and the
stress range due 1o thermal shall not exceed
the sum of 5, and S, as required by Equation 11, NC-
36523.

(b) Dwring Upser Conditions. The sum of the
stresses produced by maximum bive and
dead Joads and those produced by occasional loads

Mo of Egurebert
Pul! Tempersmsry Cyutes
N /

such a3 wind or earthquake defined in the Design
Specifications as normal or upset, may be as much as
1.2 umes the allowable stress values given in Tables |-
7.0. Under upset conditions, the requirements of all

107 a0 en
7,000 w 14 000
14 000 w 22 000
22 000 w 48 000
« 48 000 w 100 000

108 000 snd ower

1444444

equations of NC-3651 shall be met.

(c) During Emergency Conditions. The sum of the
stresses produced by internal live and dead
ummmm»,wmarw

i the Design Specificaions or emergency condiuons

108.4
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