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R. PALANISWAMY

DOWNCOMFR | QADS DURING CONDENSATION OSCILLATION

OVERALL PLAN

o FiniTE ELeEMENT MopeL oF FSTF HeADER/DOWNCOMERS

o VerIFicaTioN Basep ON DowncomerR JACKING TESTS AND SNAP TesTs

o PostuLaTion oF LoAn DeriniTiON (BASED oN PRESSURE DATA
MeAasurep IN TesT M-8)

o Dvynamic ANALYSIS For PosTuLATED LOADING

o CoRRELATION OF Dynamic ANALYSIS AND TesT DaTA

o LoaD DEFINITION
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NASTAN CoMPUTER PROGRAM
FuLL MopeL oF Heaper (END oF BeLLows To EnD oF BELLOWS)
SHeLL ELements (Quap 4 & Tria 3)
Vacuum BREAkER FLANGES AND STIFFENING RING. INCLUDED
DiaMeTER OF VeEnT Is 58” CompARED TO ACTUAL OF 57”
CONFIGURATIONS
- UNT1ED DOwNCOMERS FOR JACKING TEST
- Tiep Downcomers (Compression & Tension) For “SNAP' Test
- Test M8 ConFicuraTiON FOR CO TesT CORRELATION
. DowncomERs 1 & 2 AND 3 & 4 WitH ComPReSSION-TENSION TIES
. DowncoMeRs 5 & 6 UNTIED
. Downcomers 7 & 8 WiTH "Tenston OnLY” TIE
- EFFecTIvE Mass oF WATER SimuLATING ConpiTion During CO

- Damping From 'SNAP’ TesT
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StTaTIC

PusH ADJACENT DowncoMers APART OR PuLL THEM TOGETHER.
MeAasURE DEFLECTION,

DownNcCOMERS UNT €D

SNAP TEST

PuLL A Downcomer OrR Downcomer PAIR To ONE SIDE AND RELEASE
MeASURE TRANSIENT RESPONSE
DETERMINE FREQUENCIES
DeTeRMINE DAMPING

DowncoMerRs T1ED AND UNTIED
3 Cases: DRy, WaTer Outsipe Downcomers ONLY, WATER BoTH
INsIDE AND OuTsiDe DowNCOMERS



FSTF SNAP TEST
"QUICK-LOOK” RESULTS
NATURAL FREQUENCIES AND DAMPING

TEST TEST | D/C AVEﬁAGE DQ'A‘E}QG
B N NO.
NO CONDITIO Hz) %)
S U
1)1 DD 6 8.0 )
SD2 ubD
. 8 10.2 2

1 UDF

6 5.6 10
2 UDF

8 7.1 6
3 TDF

6 3.4 7
4 TDF 8 5.8 5
5 TFF

6 3.0 7
6 TFF 8 5.0 6
7 TDD 6 5.0 2
8 TDD 8 7.6 2

* U= UnTiED T=Tiep
D = Dry F = FLOODED

£.6. UDD = UnTiep, DRy powncomgr, DRY WETWELL

-
/




MODEL VERIFICATION :

STATIC VERIFICATION RUNS

JACKING BETwWeEeN Downcomers 5 & 6 (Test #7)

JACKING BETweeN Downcomers 6 & 8 (TesT #6)

JACKING BETWeeN Downcomers 7 & 8 (TesT #8)

CorreLATE ON DeFLECTION

DynaMIC VERIFICATION RUNS

- 'SNAP" TesTt WiTH WATER



DOWNCOMER LOADS DURING
CONDENSATION OSCILLATION

MODEL VERIFICATION

COMPARISON OF RESULTS

DESCRIPTION REMARKS
TEST ANALYSIS
» CALIBRATIGCN TESTS
STATIC PUSH 5 & 6 0.55 inch 0.65 inch TEST NO. 7
ANALYSIS PUSH 6 & 8 0.09 inch 0.11 inch TEST NO. 6
PUSH 7 & 8 0.45 inch 0.51 inch TEST NO. 8
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DYNAMIC TEST CORRFIATION RUNS

PosTuLATED LoAD DeriniTion (Test M-8 From 25-30 Seconps)

1.5 ps1 StaTtic DIFFERENTIAL PRESSURE

+ 2.5 ps1 85.5 Hz IN HEADER

+ 5 ps1 85.5 Hz IN Downcomek

DynaMic ANALYSIS

- HarMonIc AnALYSIS (5.5 Hz LoADING)

- "Two To One” Pressure IN DowNcOMERS AND HEADER

- CORRELATION WiTH M-8 TesT DATA (STRAINS ON THE HEADER
At THe INTERSECTION)
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DOWNCOMER LOADS DURING
CONDENSATION OSCILLATION

SUMMARY OF RESULTS

GAUGE

EXTREME FTBER HOOP STRAIN

REMARKS
LOCATION LOAD TEST MASS OF EXTERNAL DISPLACED
WATER = D¢ <wio
hﬂhu‘s\&
$-5911 2.5 psT IN | 1.70x10”> | s.40x107° 2% Damping
(UNTIED D/C) HEADER
AT THE - -
VENTHEADER NEAR 3.29x107° 6% Damping
2/C & 5.0 PSI IN
DOWNCOME R
FREQUENCY =
%% Rz
§-5921 4.00x10” " 9.54x10 4 2% Damping
(TIED D/C)
AT THE VENT -4
NEAR D/C 8 5.45x10 6% Damping




o Static JAckInNG Test VeriFicaTion Runs CompAre WELL WITH
Test DaTta

o MopaL ANALYSIS Prepicts THE MEASURED FREQUENCIES WELL

o PostuLaTeED LoAD DeFiniTioN WiTH 6% DAMPING OVERPREDICT

- Tiep DowncoMer STRAINS By 35%

- UNnT1ep DowncoMerR STRAINS By $5%



INTE'DED LOAD SPECIFICATION

(IN LIEU OF LDR SECTIONS 4.4.3 anp 4.4.4)

LOAD DEFINITION

1.5 ps1 Static DiFFerReNTIAL PRESSURE

+ 2.5ps1 @ 5.5 Hz IN HEADER

+ 5,0 ps1 @ 5.5 vz IN DowNcoMERS

ALL PReSSURES IN PHASE

NO OUT OF PHASE PRESSURE OP. LATERAL LOAD

MASS OF EXTERNAL NISPLACED WATER

6% DAMPING

<ol



MARK. I POoOoL SWELL LOoADS

RUARTER SCALE TESTS |P78—T77

NFRC FeEViEW

COMPREsSSIBILITY STUDY b I e

NFPC PFEview

REFPORPT NEDE-247783-F /8O

NEC PEVIEW/QUESTIONS 4 /80

;\ Co:pomtnon



NFRC /BROOKHAVEN CONCERNS

—at/A X EXCESSIVE

—LINEAR PROPERTY VARIATION

—FS At NON-CONSE=VATIVE

—NODALIZATION INFO

ACUREX
Corporation



UPLOAD/PSTF UPLOADR

UPLOAD PERSPECTIVE

/wrrH NP MULTIPLIER (1.1S)

1.2 -
1L.O 1 @PSTF
L—'—TEST CONSERVA'TIﬁMS

a [TI T TI17
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RANNO FLOW

®STFE VENT ORIFICE
M =.2 Moo= 25 4fL/O=6.05 To=53C =197

2 NorPES 3 NODPES S NOPES TABLE

M, 1989 19986 1998 2
M2 2S00 2497 2496 25
= 180662 |IS.0057 |14.9913 15.00

+.0219 +. 0019 —_ 029 e

A CorpOfatlon
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Figure 4-7. Timestep sensitivity -- force.
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MARK 1 FULL SCALE TEST FACILITY

FSTF SUPPLEMENTAL TESTS

NRC MEETING 4/23/80

CEC 4/23/80 PG 1



FSTF SUPPLEMEKTAL TESTS

TEST OBJECTIVE

FSTF FACILITY

TEST MATRIX

TEST PLAN

TEST INSTRUMENTATION

DATA REDUCTION AND ANALYSES

DATA REPORTING

SUMMARY

CEC 4/23/80

PG 2



MARK I

FSTF SUPPLEMENTAL TZSTS

TEST OBJECTIVE:

CONFIRM THAT THE VARIATION IN
EXPERIMENTAL DATA IS LESS THAN
THE INHERENT CONSERVATISM IN
LDR APPLICATION OF THE CO LOAD.

CEC 4/23/80 PG 3
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1978 FSTF TESIS

BREAK INITIA. CONDITIONS

TEST* DATE
hora povoRgD  SZE  TRE  SUBGRGENGE IRGEMTIE PRESSURE
Ml $/5/78 Soall Steam 3 fr 4 in 70°F 0 peig
M2 $/12/78 Medium

M3 5/25/78 Small Liquid

Mé 6/17/78 Steam S psig
M5 6/26/178 122’! 0 peig
M6 7/6/78 1 ft‘6 in l

M9 7/11/78 4 ft 6 {n 70°F

M10%* 7/27/78 3 ft 4 4o

b {4 8/10/78 Lat;c L ‘

M8 8/22/78 1 Liquid 1 ,

*Show in order of performance

w*Alr sensitivity test performed with vacuum breaker replaced with rupture
discs

PG €



MARK I TASK 8.4

FSTF SUPPLEMENTAL TESTS

TEST MATRIX
DATE BREAK BREAK  SUBMER-  POOL
TYPE SIZE GENCE TEMPERATURE
M-11 May LiquiD LARGE 34" 700F
M-12 JUNE L1quiD LARGE 34" 959F

o M-11 pupLicates 1978 CO TEsT (M-8) AT FSTF

o M-12 pupLicATES M-8 WITH EXCEPTION OF INITIAL
POOL TEMPERATURE

CEC 4/23/80 PG 7



TEST PLAN

MARK 1 FSTF SUPPLEMENTAL TESTING

DUPLICATE INITIAL CONDITIONS OF M-8
RECORD SAME INSTRUMENTATION AS M-8

o 256 CHANNELS OF DATA

COMPARE FOR REPEATABILITY

o  INITIAL CONDITIONS

o  GROSS SYSTEM PARAMETERS

o  MAGNITUDE AND FREQUENCY OF CO LOAD
DOWNCOMER CO LOAD DATA

o  ALL D/C PAIRS TENSION COMPRESSION TIED

o  STRAIN GAGE ROSETTES AT INTERSECTION
VENT HEADER AND DOWNCOMERS

CEC 4/23/80

PG 8



LOCATION

WETWELL &
SUPPRESSION
POOL

DOWNCOMER &
VENT HEADER

DRYWELL &
BLOWDOWN LINE

STEAM VESSEL

MARK 1 FSTF SUPPLEMENTARY TEST INSTRUMENTATION

INSTRUMENT TYPE

PRESSURE XDCR
PRESSURE XDCR
ACCELEROMETERS
STRAIN GAGES
THERMOCOUPLE

LVDT'S

PRESSURE XDCR
LEVEL PROBE

ACCELEROMETERS
STRAIN GAGES

PRESSURE XDCR
THERMOCOUPLE
AP PRESSURE XDCR
GRAB SAMPLERS

AP PRESSURE XDCR
PRESSURE XDCR
THERMOCOUPLES

MEASUREMENT

POOL BOUNDARY PRESSURE
WETWELL AIRSPACE PRESSURE
FACILITY RESPONSE
FACILITY RESPONSE

POOL TEMPERATURE
AIRSPACE TEMPERATURE
FACILITY RESPONSE

PRESSURE IN VENT HEADER
WATER LEVEL IN DOWNCOMER/
VENT HEADER

DOWNCOMER RESPONSE
DOWNCOMER/VENT HEADER
RESPONSE

DRYWELL PRESSURE

DRYWELL/VENT ARM TEMPERATURE

BLOVNOWN FLOW
AiR CONTENT

BLOWDOWN FLOW
VESSEL PRESSURE
VESSEL TEMPERATURE

CEC 4/23/80 PG 9



MARK 1 FSTF SUPPLEMENTAL TESTS

DATA REPORTING

OBJECTIVE: COMPARISOM OF M-11 & M-12 WITH M-8 TO CONFIRM
REPEATAEILITY.

QUICK LOOK DATA - PROVIDED TO ALLOW RAPID ASSESSMENT OF
FACILITY TEST RESULTS. IMCLUDES:

TEST INITIAL CONCITIONS

STRUCTURAL EVALUATION

SYSTEM PERFORMANCE EVALUATION
WETWELL WALL PRESSURE MEASUREMENTS

o O O O

NRC REQUESTS

o TEST INITIAL CONDITIORS

BOTTOM DEAD CEMTER WALL PRESSURE MEASUREMENTS

o  PRESSURE TIME HISTORIES FROY. TWO "DISTANT”
DOWMCOMERS.

o

o  PLAN TO MEET WITH NRC I A TIMELY MANNER AFTER
COMPLETION OF M-12.

CEC 4/23/30 PC 10



MARK 1 FSTF SUPPLEMENTAL TEST

DATA REDUCTION & ANALYSES

o REAL TIME DATA - TIME HISTORIES OF ALL DATA FOR
ANY INTEPVAL

- USED FOR EVALUATING
o SYSTEM PARAMETERS
o BLOWDOWN FLOWS
o HYDRODYNAMIC ANALYSIS
o MAXIMUM POSITIVE & MAXIMUM NEGATIVE WETWELL
WALL PRESSURES
o FREQUENCY OF PRESSURE LOADING
o SPECTRAL ANALYSIS
o SELECTED PSD’s AT 1 SECOND INTERVALS DURING
CONDENSATION OSCILLATION
o CPSD’s AT TIME BLOCKS OF INTEREST
o EVALUATE STRAIN/ACCELERQMETER DATA FOR MAJOR STRUCT-
URAL COMPONENT> - WEIWELL SHELL, SUPPORT COLUMNS,
VENT HEADER & DOWNCOMERS
o NET VERTICAL PRESSURE TIME HISTORY ON WETWELL SHELL

o POOL TEMPERATURE HISTORY

CEC u/23/8C PG 11



MAPK I FSTF SUPPLEMENTAL TESTS

SUPPLEMENTARY TEST REPORT

0 INCLUDES PREVIOUSLY DISCUSSED AMALYSES PLUS
ADDITIONAL NRC REQUESTS:

- CROSS CORRELATION OF DOWNCOMER PRESSURES
T0 RESOLVE QUESTIONS OF ASYMMETRIC LOADING

- AMPLITUDE & FREQUENCY OF COWNCOMER CO LOADS
ON A TIED DOWNCOMER PAIR

- TORUS WALL PRESSURES WITH FSI REMOVED

CEC 4/23/80 PG 12



MPRK 1 FSTF SUPPLEMENTAL TESTS

SUMMARY

5 PROGRAM OBJECTIVE : CONFIRM THE LDR CO LOAD
DEFINITION BY TWO TESTS AT FSTF

o TWO ADDITIONAL LARGE LIQUID BREAK TESTS WILL
BE RUN

o  DATA INSTRUMENTATION SIMILAR TO CO TEST OF 1978

o  DOCUMENTATION OF COMPARISONS OF M-11, M-12 & M-8
WITH LDR LOAD DEFINITION

CEC 4/23/80 PG 13




EVALUATION OF HARMONIC PHASING
FOR MARK I TORUS SHELL
CONDENSATION OSCILLATION LOADS

April 23, 1980

N A STRUCTURAL
MECHANICS

4740 Von Karman, Newport Beach, Calif. 92660 (714)833-7552




EVALUATION OF MK I CGC RESPONSE

PURPOSE OF WORK

e EVALUATE SOURCES OF CONSERVATISH
e LDR LOAD AMPLITUDE
e RELATIVE PHASING OF HARMONICS
e STRUCTURAL RESPONSE METHODS

e DEVELOP RATIONAL DESIGN APPROACH WHICH LEADS T.
CO RESPONSE AT 50 PERCENT NOW-EXCEEDANCE
PROBABILITY (NEP) ASSOCIATED WITH RANDOMNESS
OF PHASING. BASED ON THE CONSERVATIVE LOAD
DEFINITION, THE ACTUAL NEP WILL BE MUCH
HIGHER.



PROCEDURE

e DETERMINE FLEXIBLE WALL FOURIER AMPLITUDE AND
FOURIER PHASE SPECTRA FOR INTEGRATED VERTICAL
FORCE FROM THE FSTF TEST DATA (M3, 24 TO 28
SECONDS)

® CORRECT THE FLEXIBLE WALL DATA FOR FLUID-
STRUCTURE INTERACTION TO OBTAIN RIGID WALL NET
VERTICAL FORCE FOURIER AMPLITUDE AND PHASE SPECTRA

® USE LDR SPATIAL DISTRIBUTION TO OBTAIN BDC
RIGID WALL PRESSURE FOURIER AMPLITUDES

® COMPARE RIGID WALL FOURIER AMPLITUDES WITH LDR
CASE 2 AMPLITUDES

® INVESTIGATE RELATIVE PHASING OF HARMONICS

® COMPUTE STRUCTURAL RESPONSE USING FSTF RIGID
WALL FOURIER AMPLITUDE AND PHASE SPECTRA

® COMPARE CALCULATED RESPONSE WITH FSTF TEST DATA

® CONSTRUCT CDF CURVES CONSIDERING RANDOMNESS OF
HARMONICS FOR BOTH THE FSTF AND THE NYSTER CREEK
PLANT

® DEVELOP HARMONIC COMBINATION RULES FOR DESIAN



ASSUMPT IONS

® FSTF MEASURED VERTICAL LOAD IS REFRESENTED
BY A FOURIER SERIES

® FLUID-STRUCTURE INTERACTION AFFECTS TORUS
SHELL PRESSURES

® 2 PERCENT STRUCTURAL DAMPING

® STEADY STATE HARMONIC RESPONSE
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TOTAL VERTICAL LOAD (LBS)

3.2

2.00

co

v]0°
0.00

A

-1.00
—

-2.00

A
-

LORD/RESPONSE

-3.20

A

e TEST M-8

00

-\,
-\

== FOURIER SERIES (50 Hz)

'0.00 0.10 0: 20 0.30 0.40 0.50 0.60 0.0 0. 80 c.90 1.90 1.10

24.808 TINE 25.908
( ) (Seconds) ( )
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TOTAL VERTICAL LOAD (LBS)

(Seconds)

COMPARISON OF MEASURED AND FOURIER SERIES REPRESENTATION OF TOTAL INTEGRATED VERTICAL LOAD
(26.016 THROUGH 27.110 SEC)
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(26.745 THROUGH 27.839 SEC)



~— LDR AMPLITUDE
—+= FSTF M-8 TEST

BDC PRESSURE AMPLITUDE (PSI)

Lo~ A

50

Frequency (Hz)

COMPARISON OF LDR AMPLITUDE AND FSTF RIGID WALL AMPLITUDE
(24.808 THROUGH 25.902 SEC)
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CONCLUSTONS::

e LDR AMPLITUDES ARE SLIGHTLY
CONSERVATIVE COMPARED TO
FSTF AMPLITUDES

e LDR AMPLITUDES ARE NOT EXCESSIVELY
CONSERVATIVE AND THUS DO NOT REPRE-
SENT THE MAJOR SOURCE OF CONSERVA-
TISM IN CO RESPONSE EVALUATION
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CONCLUSIONS:

® FROM FSTF M-8 TEST DATA FOR INTEGRATED
DOWNWARD FORCE, ALL HARMONICS HAVE
RANDOM PHASING WITH RESPECT TO EACH
OTHER

® OTHER INVESTIGATORS HAVE CONCLUDED THAT
THERE MAY BE DETERMINISTIC PHASE RELATION-
SHIPS BETWEEN THE DOMINANT HARMONIC AND
THE NEXT TWO MULTIPLES. TO BE CONSERVATIVE,
GMA HAS EXAMINED THE EFFECT OF ASSUMING SOME
DETERMINISTIC PHASE RELATIONS IN THE CALCU-
LATION OF CDF CURVES



COMPARISON OF FSTF MEASURED RESPONSES AND CALCULATED RESPONSES FOR DURATION FROM 24 TO 28 SECONDS

FSTF M-8 TEST MEASURED RESPONSE

CALCULATED RESPONSE (USING FSTF RIGID

WALL FOURIER AMPLITUDE AND PHASE)

24.001 |24.808 | 26.016 | 26.562 | 26.745 || 24.001 | 24.808 | 26.016 | 26.562 | 26.745
to to to to to to to to to to

25.095 |25.902 | 27.110 | 27.656 | 27.839 || 25.095 | 25.902 | 27.110 | 27.656 | 27.839

RESPONSE QUANTITY SEC. SEC. SEC. SEC. SEC. SEC. SEC. SEC. SEC. SEC.

BOC AXIAL MEMBRANE 2.05 1.95 2.32 2.32 1.90 2.00 1.67 1.73 1.83 2.02

STRESS (KSI) :

BOC HOOP MEMBRANE 2.22 2.17 2.63 2.63 2.51 1.83 1.73 1.52 1.75 1.84

STRESS (KSI)

BOC RADIAL 0.098 |0.084 0.108 0.108 0.099 0.118 0.103 0.095 0.104 0.121

DISPLACEMENT (IN.)

INSIDE C Lumz 93 92 81 91 91 98 82 88 9 91

AXIAL FORCE (KIPS)

OUTSIDE COLUMN 10 107 98 98 98 107 92 93 98 102

AXIAL FORCE (KIPS)




CONCLUSIONS:

e ON THE AVERAGE, CALCULATED RESPONSE DIFFERS
FROM MEASURED RESPONSE BY THE FOLLOWING
AMOIINTS ;

BDC AXIAL MEZMBRANE STRESS -12%
BDC HOOP MEMBRANE STRESS -29%
BDC RADIAL DISPLACEMENT + 9%
INSIDE COLUMN AXIAL FORCE 0%
OUTSIDE COLUMN AXIAL FCRCE - 4z

e STRUCTURAL MODEL AND ASSUMPTIONS OF 2% DAMPED,
STEADY STATE RESPONSE ARE NOT A SOURCE OF
CONSERVATISM IN THE PROCESS OF EVALUATING CO
RESPONSE



STRESS (KSI)

~ + = CALCULATED RESPONSE

FSTF M-8 TEST MEASURED DATA (DOES
NOT INCLUDE FINALDATA REDUCTION AND
WILL BE REVISED)
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COMPARISON OF CALCULATED (FSTF RIGID WALL FOURIER AMPLITUDE AND PHASE SPECTRA) AND MEASURED
RESPONSE TIME HISTORIES -- BDC AXIAL MEMBRANE STRESS (24.808 - 25.902 SECOMDS)
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CUMULARTIVE DISTRIBUTION FUNCTION
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CONCLUSIONS FROM FSTF RIGID WALL
FOURIER AMPLITUDE CDF CURVES

® THE DIFFERENCE IN CDF CURVES ASSUMING ALL HARMONICS
ARE RANDOM AND CONSIDERING CONSERVATIVE DETERMINISTIC
PHASE RELATIONS FOR THREE HARMONICS IS EQUAL TO FOUR
PERCENT OR LESS

® MAXIMUM RESPONSE FROM 200 TRIALS IS, IN ALL CASES,
MUCH LOWER THAN THE ABSOLUTE SUM OF HARMONIC RESPONSES

® THE ABSOLUTE SUM VALUES ARE ABOUT 1.7 TIMES THE VALUES
CORRESPONDING TO 84% NEP

® CALCULATED RESPONSE IS IN THE STEEP REGION OF THE CDF
CURVE BASED ON RANDOM PHASING. THIS IS FURTHER
INDICATION THAT RANDOM PHASING IS ACTUAL BEHAVIOR
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CONCLUSIONS FROM LDR AMPLITUDE CDF CURVES
FOR FSTF RESPONSE

e MAXIMUM RESPONSE FROM 200 TRIALS IS, IN
ALL CASES, MUCH LOWER THAW THE ABSOLUTE
SUM OF HARMONIC RESPONSES

e THE ABSOLUTE SUM VALUES ARE ABOUT 2 TIMES
THE VALUE CORRESPONDING TO 34% NEP

e THE USE GF ABSOLUTE SUM COMBINATION OF
HARMONICS IS THE MAJOR SOURCE OF CONSERVA-
TISM IN THE EVALUATION OF CO RESPONSE
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FIGURE 5-2. CDF CURVE (200 TRIALS) OF OYSTER CREEK TORUS BDC MIDBAY AXIAL STRESS (KSI)
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AXIAL FORCE (KIPS)
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CONCLUSIONS FROM LDR AMPLITUDE CDF CURVES FOR
OYSTER CREEK RESPONSE

® CDF CURVES FOR OYSTER CREEK RESPONSE ARE
SIMILAR TO THOSE FOR FSTF RESPONSE

e AGAIN, THE CDF CURVES ARE VERY STEEP SUCH
THAT THERE IS LITTLE VARIATION IN CALCULATED
RESPONSE FOR THE VARIOUS RANDOM TRIALS

e ALSO, THERE IS A LARGE MARGIN BETWEEN THE
ABSOLUTE SUM COMBINATION OF HARMONICS AND
THE CALCULATED RESPONSE FROM RANDOM TRIALS

e [T IS CONCLUDED THAT THE PROCEDURE OF
COMBINING HARMOWICS BY ABSOLUTE SUMMATION IS
A MAJOR SOURCE CF CONSERVATISM AND A LARGE
REDUCTION IN FESPONSE MAY BE ACHIEVED BY
COMBINING HARAONICS IN A MANNER WHICH ACCOUNTS
FOR RANDOM PAASING



HARMONIC RESPONSE COMBINATION RULES

FSTF RIGID WALL FOURIER AMPLITUDES (24.808 - 25.902 SEC)

CDF_CURVES ABS. SUM |ABS. SuM |ABS. SUM
50% NEP|S4Z NEP ABs. |2 HIGHEST|3 HIGHEST [4 HIGHEST
SNSS
R T [RESPONSERESPONSE  SuM |+ SRSS,g |+ SRSSy7 |+ SPSSyg
BDC AXIAL MEMBRANE 1.78 | 1.88 2.87 1.79 1.93 Z.02
STRESS (KsSI
BDC HOOP MEMBRANE 1.85 | 2.01 3.42 1.83 1.95 2.06
STRESS (ks1)
BDC RADIAL D]SPLACE- 0.100( 0.107 0.166 0,100 0.108 0.114
MENT (INCHES
INSIDE COLUMN 93 101 176 92 98 103
AXIAL FORCE (KIPS)
OUTSIDE COLUMN 104 116 199 105 111 117
AXIAL FORCE (KIPS)
LDR AMPLITUDES
(FSTF RESPONSE)
CDF_CURVES ABS. suM| ABS. sum| ABsS. sum
50% NEP 34 NEP| o 2 HIGHEST| 3 HIGHEST| 4 HIGHEST
RESPONSE QUANTITY RESPONSERESPONSE] sum | F SRSSQS g SRSSQ? K SRSSM6
BDC AXlAL MgMBRANE 2.30 ( 2.56 4,56 213 2,40 2.63
STRESS (KSI
DC HOOP MEMBRANE 2.47 | 2.79 5.62 2.20 2.49 O
STRESS (KsS1)
C RADIAL D]SPLACE- 0.130( 0,147 0.265 0,122 0.139 0.154
ENT INCHES
lNSIDE COLUM? 122 140 283 113 129 143
XIAL FORCE (KkiPS)
UTSIDE COLUMN 140 159 320 128 145 160
AXIAL FORCE (KIPS)




TABLE 6-3

RESPONSES OF QYSTER CREEK TORUS AND SUPPOR™S TO LDR CO LOAD AMPLITUDES

CALCULATED BY USING DIFFERENT HARMONIC RESPONSE CUMBINATION RULES

CPF_CURVES ABS. SUM |ABS. SUM |ABS. SuM
% NEP|BUZ NEP| oo 12 HIGHEST|3 HIGHEST |4 HIGHEST
S a— RESPONSERESPONSH  SUM |+ SRSSzg |+ SRSSy; |+ SRSS3¢
BDC, MIDBAY
AXIAL STRESS (ksI) 1.3 1.4 2.6 1.1 1.3 1.4
R St (st 4.0 | 4.5 | 7.6 3.8 4,2 4.6
INSIDE COLUM
AXIAL PORCE (KiPS) 36 41 77 31 36 40
AX 1AL FORCE. (KIPS) ug 51 99 m 45 50




CANDIDATE DESIGN RULES FOR EVALUATING COMBINED STRESS (OYSTER CREEK RESPONSE)

30° from BOC Outside Column
BDC Midbay BOC Columns at Columns Axial Plus
Stress Intensity Stress Intensity Stress Intensity Bending Stress
(ksi) (ksi) (ksi) (ksi)
50% NEP Response 4.9 4.3 8.5 3.1
841 NEP Response 5.5 4.7 9.6 1.6
Component Component Component Component
Worst Case Prasing Worst Case Phasing Worst Case Phasing |Worst Case| Phasing
Design Rules* Phasing Retained Phasing Retained Phasing Retained | Phasing Retained
SRSS (40) 2.8 2.7 3.2 2.6 6.7 4.8 1.8 1.8
ABS(1) + SRSS(39) 3.9 3.8 4.4 - 9.2 6.6 2.9 2.5
28S(2) + SRSS(38) 4.8 4.6 $.3 4.4 11.5 8.2 2.9 2.9
ABS(3) + SRSS(37) 5.4 5.1 6.2 5.0 13.3 9.6 3.3 - 8
ABS(4) + SRSS(36) 5.9 5.6 7.0 5.6 14.8 10.7 3.7 3.6
ABL(5) + SRSS(35) 6.4 6.0 7.6 6.2 15.8 11.3 4.1 4.0
ABS Sum 10.2 9.5 12.1 9.8 20.4 15.0 7.5 7.2

* Harmonics from 0 to 40 hz are considered.
ABS(x) + SRSS(40-x) =

i

combination of the remaining harmonics.

Absolute sum of x highest harmonic response amplitudes plus SRSS



CONCLUSTONS:

® ABSOLUTE SUM OF 3 HIGHEST + SRSS,; ADEQUATELY
APPROXIMATES 50% NEP VALUE

e ABSOLUTE SUM OF 4 HIGHEST + SRSS,¢ ADEQUATELY
APPROXIMATES 84% NEP VALUE

e FCR LDR ABSOLUTE SUM OF 3 HIGHEST + SRSS,» LEADS
TO ABOUT A FACTOR OF 2 REDUCTION FROM REggONSE
COMPUTED BY ABSOLUTE SUM OF ALL HARMONICS

o DIFFERENCE BETWEEN 3 HIGHEST AND 4 HIGHEST
COMBINATION RULES AMOUNTS TO ABOUT 10% DiFFERENCE
IN RESPONSES

e FOR COMBINED STRESS RESPONSE, HARMONTC RESPOWCE
AMPLITUDES SHOULD RE EVALUATED IN A MANNER WHICH
RETAINS PHASING BETWCFN COMPONENT STRESSES FOR
EACH HARMONIC. ASSUMING WORST CASE PHASING CAN
LEAD TO EXCESSIVE CONSERVATISHM

e CONSIDERING THE CONSERVATISHM OF LDR AMPLITUDES,
ACHIEVING 50% NEP BASED ON CONDITIONAL RANDOM
PHASING ONLY CDF CURVES 1S SUFFICIENT. THE ACTUAL
NEP FOR COMBINED PEAK RESPONSE WILL BE MUCH GREATER
THAN 50%



COMPARISON OF RESPONSE USING LDR AND FSTF AMPLITUDES

FSTF FOURIER AMPLITUDE (50%Z NEP RESPONSE)*

LDR 2H+001 24+808 26+016 26+562 26+745

(50% nep | 25,005 | 25.802 | 277810 | 277856 | 277839
RESPONSE QUANTITY RESPONSE)* SEC SEC SEC SEC SEC
BDC AXI?L MEMBRANE 2.40 1,92 1.93 1.76 2.11 2.38
STRESS (KSI
BDC HOOP MEMBRANE 2.49 2.00 1.95 1.77 2.04 2.18
STRESS (ks1)
BDC RADIAL DIS- 0.139 0.114 0.108 0.102 0.117 0.134
PLACEMENT (INCHES)
INSIDE COLUM? 129 113 98 97 108 111
AXTAL FORCE (KIPS)
OUTSIDE COLUMN 145 126 111 109 121 125

AXIAL FORCE (KIPS)

* PuasinG RuLE:

CONCLUSION: DR AMPLITUDES ARE CONSERVATIVE IN THAT TTBY ALWAYS LEAD
TO GREATER RESPONSE AND AVERAGE OF ABOUT
THAN THE HIGHEST FSTF FOURIER AMPLITUDE RESPONSE

HARMONICS

ABSOLUTE SUM AMPL!L’DES OF HIGHEST 3 HARMONICS AND
SRSS OF THE OTHER

PERCENT GREATER



COMPARISON Or RESPONSE OBTAINED FROM THE
RECOMMENDED DESIGN APPROACH AND MEASURED FSTF RESPONSE

RESFONSE LDR FSTF 50% naxxnu? FSTF
QUANTITY NEP RESPONSE RESPONSE (MEASURED)
BDC AXIAL MEMBRANE STRESS 2.4 ks1 2.3 ksl
BDC HOOP MEMBRANE STRESS 2.5 ksl 2.6 ksl
BDC RADIAL DISPLACEMENT .14 INCHES .11 INCHES
INSIDE COLUMN AXIAL FORCE 129 kips 93 kiIpPs
GUISIDE COLUMN AXIAL FORCE : 145 xips 1190 kips

PHASING RULE: ABSOLUTE SUM OF HIGHEST 3 HARMONICS PLUS SRSS OF
THE REMAINING 47 HARMONICS

* CONCLUSION: THE RECOMMENDED DESIGN APPROACH GENERALLY RESULTS
IN A CONSERVATIVE ESTIMATE OF MEASURED FSTF RESPONSE



INFLUENCE OF HARMONI"S FROM 30 TO 50 HZ
(FSTF RESPINSE)

CALCULATED RESPONSE

M-8 TEST Anphbﬁu engo M-8 TEST AMPLITUDE LDR AMPLITUDE
PRASING (24 25,902 RANDOM HARMONIC RANDOM HARMONIC
SECONDS) COMBINATION RULE" COMBINATION RULE®
, RESPONSE QUANTITY up 10 50 Hz |up 1O 30 HZ upP T0 50 Hz (up To 30 Hz | uP TO SC Wz wp TO 30 MZ
BDC AXIAL MEMBRANE 1.67 1.70 1.93 1.92 2.40 2.36
STRESS (KSI
BDC HOOP MEMBRANE 1.73 1.56 1.95 1.90 2.49 2.38
STRESS (KS1)
BDC RADIAL D;SPLACE- 0.103 0.102 0.108 0.108 0.139 0.139
MENT (INCHES
INSIDE COLUMN AXIAL 82 82 93 98 129 128
FORCE (KIPS)
OUTSIDE COLUMN ) 91 11 111 145 144
AXIAL FORCE (KIPS)

* CoMBINATION RULE:
CONCLUSION:

ABSOLUTE SUM 3 HIGHEST HARMONICS * SRSSq7

HARMONICS ABOVE 30 HZ COMTRIBUTE LITTLE AND COULD BE IGNORED IN DESIGN.



INFLUENCE OF HARMONICS FROM 30 TO 40 HZ
(OYSTER CREEK RESPONSE)

Response for Response for
Harmonics Harmonics

Oyster Craek Response Quantity up to 40 hz* up to 30 hz*
BDC Midbay Axfal Stress (ksi) 1.28 1.28
BDC Midbay Hoop Stress (ksi) 4.19 4.19
Inside Column Axial Force (kips) 36 36
Outside Column Axfal Force (kips) 45 45
BDC Midbay Stress Intensity (ksi) 5.1 5.1
BDC Columns Stress Intensity (ksi) 5.03 5.03
30° from BUC Columns Stress g

Intensity (ksi) 9.57 9.57
Outside Column Axfal plus

Bending Stresses (ks{) 3.25 3.25

COMBINATION RULE: ABSOLUTE SUM OF 3 HIGHEST
HARMONICS + SRSSq7

* CONCLUSION: wHArRMONICS ABOVE 30 HZ DO NOT CONTRIBUTE
SIGNIFICANTLY TO RESPONSE AND CAN BE
IGNORED FOR DESIGN



CONCLUSIORS (D)

® [GNCRING RANDOM PHASING OF HARMOWICS HAS BEEN THE
MAJOR SOURCE OF CONSERVATISM IN THE EVALUATION OF
CO RESPONSE. LOAD AMPLITUDES AND STRUCTURE RES-
PONSE COMPUTATIOIS DO NOT LEAD TO GVERCONSERVATIVE
CO RESPONSE EVALJATION

® IT IS RECOMMENPED THAT FOR DESIGN THE FOLLOYING
HARIMONIC RESPCAHSE COMBINATION RULES BE EMPLOYED TO
ESTIMATE 50% NEP RESPONSE, R cq FOR INDIVIDUAL
RESPONSE QUANTITIES OR FOR COQSINED STRESS RESPONSE

R 59 = ABSOLUTE SUM OF THREE HIGHEST HARMONICS
' PLUS SRSS OF REMAINING HARMONICS

e RESPONSE AT THE 50% WEP LEVEL BASED ON CONDITIONAL
RANDOIM PHASING ONLY CDF CURVES AS DEFINED ABOVE IS
SUFFICIENT BECAUSE DUE TO CONSERVATISM IN THE LOAD
DEFINITION, THE ACTUAL NEP OF PEAK COMBINED RESPONSE
WILL BE MUCH GREATER THAN 50 PERCENT



CONCLUSIONS (1D)

® Rz AS ESTIMATED ABOVE LEADS TO ABOUT A FACTOR
0? 3 RFDUCTION IN RESPONSE FROM THAT COMPUTED
BY ABSOLUTE SUMMATION OF HARMONICS

e HARMONICS ABOVE ABCUT 30 HZ DO NOT CONTRIBUTE
SIGNIFICANTLY TO RESPONSE AND CAN BE IGNORED FOR
DESTGN

® HARMONIC RESPONSE AMPLITUDES FOR COMBINED STRESSES
SHOULD BE COMPUTED IN A MANNER THAT PHASING BETWEEN
COMPONENT STRESSES IS RETAINED FOR EACH HARMONIC.
ASSUMING WORST CASE PHASING CAN LEAD TO EXCESSIVELY
CONSERVATIVE RESPONSE




ALTERNATE TIME HISTORY APPROACH

SINGLE TIME HISTORY

® USE LDR AMPLITUDES AS FOURIER AMPLITUDES
® ASSUME ALL HARMOMICS RANDOM FOR FOURIER PHASE ANGLES
® GENERATE INPUT TIME HISTORY AND CALCULATE RESPONSE TIME HISTORY

® MULTIPLY THE RESPONSE BY A SCALE FACTOR TO OBTAIN RESPONSE
FOR WHICH THERE IS 90% CONFIDENCE OF BEING AT A SELECTED
NON-EXCEEDANCE PROBABILITY

Scale Factor for Scale fFactor for
FSTF Response Being at Being at
Quantity 50% NEP 84% NEP
SDC Axfial Membrane Stress (ksi) 1.12 1.24
BOC Hoop Membrane Stress (ksi) 1.12 1.27
BDC Radial Displacement (in.) 1.12 1.27
Inside Column Axial Force (kips) 1.13 1.29
Outside Column Axial Force (kips) 1.12 1.27
Oyster Creek Response Quantity
BOC Midbay Axial Stress (ksi) 1.17 1.29
BDC Midbay Hoop Siress (ksi) LI B 1.25
Inside Column Axial Force (kips) 1.14 1.27
Outside Column Axial Force (kips) 1.13 1.28
BDC Midbay Stress Intensity (ksi) 1.13 1.26
BOC Columns Stress Intensity (ksi) 1.1 1.21
30° from BDC Columns Stress
Intensity (ksi) i.18 1.34
Qutside Column Axial Plus
Bending (ksi) 1.19 1.36




CONCLUSIONS :

® FOR SINGLE TIME HISTORY APPROACH, THE SCALE
FACTOR TO OBTAIN 90% CONFIDENCE OF BEING AT
50% NEP LEVEL IS 1.2

e SCALE FACTOR TO OBTAIN 90% CONFIDENCE OF
BEING AT 347 NEP LEVEL IS 1.4

® FOR DESIGN, IT IS RECOMMENDED THAT SINGLE TIME
HISTORY ANALYTICAL RESPONSE BE SCALED BY 1.2
TO ACHIEVE THE APPROPRIATE LEVEL OF CONSERVA-
TISM CONSISTENT WITH THAT OBTAINCD FOR THE
HARMONIC COMBINATION DESIGN RULE RECOMMENDED
EARLIER



