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' 1.INTRODUCTION

SPECTRA 20Qua|uty Assurance M,'anua!; -‘ Ihtrbdpcfipn :

S

- This report describes the analytical capabilities and theoretical fouhdations of the SPECTRA 2.0 software

B

package. It also verifies its correct operation s required by Stevenson & Associates Quality Assurance’ -

“program. Operational requirements are also detailed. *

SPECTRAis a Windows based. program developed by Stevenson & Associates (S&A):. ithas the .
capability to create, manipulate and perform conversion operations on time history, power spectrum and -- -
response spectrum data records. It also effectively manages large databases containing these records by

- providing features for data import, labeling, and fast retrieval of records. Refer-to the SPECTRA User -
- Manual for a complete description of its capabilities. A R

Section 2 presents the"prog'r_‘am‘s arialytical capabilitiés and their theoretical «fo'undatiohs. Section‘3'

specifies operational requirements,both_,system_requiremen(s and functional requirements. - Section 4 . ,
. presents the Software Verification and Validation Plan (SVVP). Section 5 then provides the results of the
- verification testing. . R IR . N : R

141




 SPECTRA 2.0 Quality Assurance Manual TR Analytical Capabilties

2. ANALYTICAL CAPABILITIES

2.1. Definitions, Acranyms, and Abbreviations

PC Acronym for IBM compatible personal computer.

RAM Acronym for PC central processor Random Access Memory

DOS Acronym for Disk Operating System.

FFT Acronym for Fast Fourier Transform.

PSD Acronym for power spectral density. The mean squared value per unit frequency of a waveform.
PS Acronym for Power Spectrum. It is obtained by rntegratlng the PSD over finite frequency bands.-
One sided PS are used. :
SDOF Acronym for Single Degree of Freedom systems.

RS Acronym for Response Spectrum. A table of the maximum response, ‘as a function of oscillator
frequency, of an array of smgle—degree-of freedom damped . oscrIIators subjected to the same base
excrtatron o .

TH Acronym for Time. History of the base acceleratron

Octave When the ratio between two frequencies is twa they are said to be an octave apart.

PVRC Pressure Vessel Research Committee of the Welding Research Council.

2.2. Data Conversion Capabilities
Each of the record types that SPECTRA operates with, PS, RS and TH, is a different way of representing

dynamic motion. By default, SPECTRA assumes that all data records contain accleration data.” The
program has the capability to convert from one type of representatron to another wrth its data conversnon

utilities.

Conversions may or may not involve an approximation, it depends on the specific conversion operation.
In all cases there are also conversion parameters that allows the user to control aspects of the operation.
These parameters are identified in Section 3.3 (Functional Requirements).

Since there are three types of data records, there are six type conversion operations available to the
user. In addition there are internal conversion operations, transparent to the user, that SPECTRA
performs when changing from PS to PSD format and vice versa.

2.3. Theoretical Foundation

'2.3.1. PSD to PS Conversion

A SPECTRA database contains PS instead of PSD and hence it is necessary at times to convert a PSD to
PS. In this discussion it is assumed that the PSD is defined.at n'points (fp,PSDg), (f1,PSD{),
(f2,PSD2)....(f;,PSDj),...(fn.1, PSDn.1) and the output PS values are requrred atm frequency potnts ‘

defined by the sequence fouto fout1 foutg: --foutm.1--

An Energy lntegral Ejcan be deﬁned at each point fo, f1 fo, wrfpreens fnad be the following recursive set of | :
expressions. ’ . :
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(21)  E(fg) = PsDp 0l " fori=0

(2_2)' E(f) = E(fi__i) + PSbimﬂzﬁﬂ for0<i< h—1
S fn.1-fn0) .

(2.3)  E(fp-1) =E(fn-0) fESDn-1L“—15ﬂ—21 fori=n-1

At an output frequency point fq ., the Energy is determined by linear interpolation. A PSD defined ~
frequency f; is found such that (2.4) is satisfied. The energy value is then computed usinvg (2.5).

(24) i < fouty <

A oo (ErEnq),. .
| (2-5?‘ E(fout,-) = Ej.1+ (1) (fr fi-1)
. PS Values a;e then compl'J‘ted using expressions (2.6).a'nd (2_.7).

(26) PS(foyig) = Elfout

(27)- PS(out) = Elfouty - Ellouty.q).  forr=1,2, ..m
‘2.3.2. PS to PSD Conversion

"To compute PS,D giyen‘ a set of PS values, Eduations (2.1) through (é.?) are inverted for the PSD values. .
Equations (2.6) and (2.7) are used to compute an Energy Integral in terms of the given PS values.
Equations (2.1), (2.2) and (2.3) are then used to compute the PSD values from the Energy Integral.

2.3.3. PS to RS Conversion .

To determine RS from a PS, the following formula is used:

. ' ‘ 1/2 - N12
- (2.8) R(wg)= -2molrji$(gg) In(1-r) :

(29) ‘Mp=ma(ag) = mn|H0(<'n')|23(m)d§J,  n=024
o 2 .‘”g + 4‘”552‘”2
(2.10) [Hp(w)|” =, 2 22

' (mb-tnz) +4g)0§em2

where , : o
. T =effective earthquake duration
r = probability of exceedance
~ S(w) represents the PSD at frequency o -
o = frequency in radians/second.

Se T
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4 £ = Damping ratio as a fraction of the critical damping.
R(wg) = Response Spectrum. , ‘

. This procedure is stralght forward to apply but lnvolves an approximation. ‘It devnates from the exact

solution when (2.11) is small or when (2.12) is close to 1.

' o 112
_ m)
(2.11) N—;t(mz T

. [ 2
: 2
(212 1-m0m

12

2.3.4. RS to PS Conversion

' An iterative process is used to provide sucessive approximations of the PSD consistent with the target RS.
- This is followed by a PSD to PS conversion. From the given response spectrum R(w)q, an initial guess for

the PSD is calculated using the relatlonshlps

(2. 13) S(oo)1 Rz(m)o{-Zln[—lnﬁ r)]}

(2.14) ge E"+QT

where § damplng ratto of R(m)o

Correspondlng to the PSD S(m)1 a response spectrum R(w)1 is computed usnng Eqns (2.8)-(2.10). The

| jnext guess at the PSD |s made using Eqn (2. 15) for i= 1.

R(@ Ri@)o|
(2. 15) S(w)j+1 = S("))t R(wW);

'When R(w); matches the original R(w)p, then S(w); is the consistent PSD that we seek. In general a
‘ perfect match is not made, rather an acceptable error or iteration hmlt is reached '

LI

' ;.:To obtain the PS from a set of TH pomts. the Fourter coefficients are computed using an FFT algorithm.
‘The Fourier coefficients are then converted to PS values.' For a sét of N TH potnts the Fourier
..~ Coefficients Fy are determmed using the expressnons

(2.16) F(0) = "‘hg-TH(j)

(217) F(k)-—rtTH(J)e-Z’ka/N i ’ 'i‘<'=:1.:.‘.N/'2'

= 0

2-3 .
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where i2 =-1.

The Fourier coeff cnents are complex and have a real part and an lmaglnary part. SPECTRA database _
stores PS instead of the Founer coefficients. In this discussion it is assumed that the Fourier coeffi cients
are defined at points (fg,Fg). (f1.F 1), (f2,F2),....(f.,Fy)... {fn,Fr) and the output PS values are required at m
frequency points defined by the sequence foq fo2, ..., fors --.fm-1.. An Energy Integral-Ej can be defined

 at each ponnt by the following recursnve set of expresslons ‘

(2.18) E(fo) fori=0 ‘ _
(2.19) E(f,) = E(fl 1) + (Re2 +1m; )/2 for 0 < i <n/2
where Re;’ and Im; are the real and rmagtnary parts cf the lth Fourler coefficient.

Atan output frequency point fo, the Energy is determlned by Ilnear mterpolatlon A frequency fl is

: t
‘found such that (2.20) is‘satisﬁeJ and the energy is computed using the expression (2 21)

(220) fij < fout, <fi

Ej-Ej.

21) Elfouty) = Ei-1 1) (foutr f.-1>

- PS values are then computed usmg the followmg expresslons

(2 22) PS(foy ) E(fout ) DU

2 3.6. PS to TH Conversron

‘The PS values are converted to Founer coeff' crents by generatrng random phase angles for the spectral

values.

(2.24) Ordinate r; = \2Ps;

(2.25) Phase Angle 6; = grandom(i)

The range‘of random(i) is between 0 and 4.0, such that the phase angle ; has a range betWeen 0 and 2r.
The complex Fourier coefficient is then calclated using (2.26)-(2.28). The TH is then obtalned using an

|nverse Fourier transform

(2.26) Real PartRe;j = r,Cos(e,)
(2.27) Imaginary Part Im; = r,SIn(e,)
(2.28) Complex Fourier Coefficient Fi= Rel +|Iml

The PS to TH conversion is not unique. i i.e the same PS can yield any number of time histories.

. 2.3.7. TH to RS Conversion -

2-4
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Response spectra are plots of the maximum response of a simple oscillator to a component of the ground
motion, plotted as functions of the natural frequency and damping of the oscillator. The digital
computation of RS requires the step-wise solution of the equations of motion of the oscillator while
monitoring of the maximum vaIue of the response at each step of the integration.

For a viscously damped srmple oscrllator subjected to the base acceleration a(t) the equation of motion
is grven by

 (2.29) mx + cx+kx = -ma(t)

in Whlch m = mass of the: oscillator, c= damprng coeff cient ; k = stiffness of the restormg element and x is
displacement relative to the base Dividing by m, the equatron becomes

(2.30) R épmifosi’x:_é_é(t)

in Whicn B =ratio of'actual damping to the critical,damping and’

| ‘(2.31) a?%
(232) c= 2mm‘p

. Assumrng that the base acceleratron (TH) can be represented by a precewrse linear functlon ‘the above
equatron becomes ‘

, .- ' Aa; '
:(2.33) X + 2Bmx+m2x =-ai-?til(t-ti) , tist stiq
~ with ‘ '

(2.34) Af =tj4q -t
(2 35) Aa; = a;+1 - gj

The solution of Equatron (2. 30) for tist st,+1 is given by |
@ 36) j x e'B‘”(t'tl)[C1Sm0)d (t-t,)+Cgcosmd (t- t,)] -Jz-l*o-)gi—?‘ —12%?1« t,}
wher.e,y SR
(2’.36.:4) L m;,- o\1-B
and C and Cy are constants of integration.
Setting x =' x, and x = x at t = t; and solving for ‘C1 and Co, it can be shown that -

. 2821 4q;
.(2.37a) : md(ﬁm, +%- —B—z—:t‘ Ba)




[P

x
{

o s 2621 plsinagat ( 28 1) ] 2p
" (2,'37h) b11 =g B(“)At{(—z—m At, +(_3—+a) AT ?52 C°s_‘°d At '—3—0) AL

" SPECTRA 2.0 Quality Assurance Manual : . : Analytical Capabilities

. 2BAgj g
(2.37b)‘ Ca=x-,3 At5+Z)Jz

Substitutidn»of these values of Cq4and 02 into Equatibn (2.36) yiAelds the values of x and xat t = tieq.

| c XL a\11 aqafl b11 b12 }
s {;} ezt anadl b21 b12 3

(2.37d-) - aqqFe B"’Atil:ﬁ SmmdAt,+ Cosa)d At,]
-BmAt, :
(237¢) .- aqg = SancodAt,
. C ZeBO)At| : " '
' (237f) anq f" o SmmdAt, -
(237g) - agp= e'B"’At{ E;SlnmdAtﬁCosa)d At] ’

aod i

_ | 2[321 Sinogat [ 2B ). 2 1
(2.37) b12-°e BmAt{( mzAtl og *(m3Atg)°9s°’_d At] " 038y " 02

. Boatf 26217 B\ B
(2.37) boq=.e B",’étl(m + m) (Qosquti -;)ESmmd At,i A

[ 2 1) Lo N
»-e'ﬁ‘”Atu 3T gti-g;o-zj (0gSinogAti+ BoCosag Atj) + =25t 1Ati

| . s I
. (2.37k) b22 = . B(’)Atl—Bz— (CosmdAt, p—dSlna)d At)

. +e'[503At|—3— (mdSInmdAtﬁ‘ BaCosag Atj) - m21Ati |

Starting at time t=0, a stepwise mtegratlon is carried out using relations 2.37 to determinei the relative
displacement and velocity. - Using this procedure the maximum relative dlsplacement for a given frequency
is determined. The correspondlng maximum acceleratlon is then assumed to be o (Maxnmum ' :

- Dlsplacement)

" To avoid mlssmg any peaks each time lnterval is lelded into sub-divisions such that the minimum time .
- step is 1/10f, where f is the oscillator frequency in Hertz. This ensures that the oscillator response'is
‘computed at least 10 time points per oscillator cycle. At 0.2 Hz, the response is computed at least once

each 1/(0. 2'10) 0.5 seconds. At 34 Hz, the response is computed at least once each 1/(34*10)=.00294
seconds. : . ]

2-6
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Equations (2.33) to (2.37) are exact for a piecewise liner base motion. The base acceleration of Equatlon

.2.33is the hnearly interpolated input TH. -

2.3.8. RS to TH Conversion - o

The RS to TH conversion is iterative.. An RS calculated from the trial TH is compared to the target RS.
The target RS is obtained by interpolating the original RS values at the 75 default RS frequencies (See
Table 1 of Ref. 9). If the Original values are def ned at the 75 default frequencaes then the target RS is
the same as the original RS

. An initial PSD is obtained from the original RS using ,express‘ion (2.13). After a PSD to PS conversion, a
PS8 to TH conversion yields a trial TH. The RS corresponding to the trial TH is calculated to check

whether it envelopes the target RS. As per the guidelines in Reference 1, each calculated RS of the -

- artificial TH is considered to envelope the original RS when no more than five points fall below, and no
. more than 10 percent below, the Original RS. When the calculated RS does not-envelope the target RS,

the PSD is updated dependmg on the ratio of the calculated RS to the target RS usmg the followmg

Aexpressson (2 38)

Rsc(f)

(2.39) Faetor = max(1 .0,min(1.05+nPtsBelow*.005)),

where RS is the target RS, RS is the RS calculated from the TH obtained from PSDOLD, and where

nPtsBeIow refers to the number of points of RS that fall below the target RS.
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3. OPERATIONAL REQUIREMENTS

3.1. Scope ’

These requirements address Version 2.0 of the SPECTRA software.:p‘ackage*.

3 2. System Requnrements

SPECTRA requures an IBM compatlble PC with at least 4 MB of RAM The resident operating systems »
must be DOS 5.0 or hlgher and Microsoft Windows:3.1 must be active. The system may be configured
with a 80386 or 80486 microprocessor.. ‘A comparable math co-processor( 80387) must be installed for -

" the 80386.CPU. it supports.major graphics conventions including CGA EGA VGA and Hercules graphlcs
- cards. SPECTRA is-written in C and ASSEMBLY languages 5 : :

3. 3 Functlonal Requnrements

_The the input parameters for the analytical (data converSIon) utlhtles are provuded in this section. The

equatlons in which this parameters are used may be found in Sectlon 2.

3.3.1. PS to RS Conl/erSion

The following quantities are needed.

(a) Duration. This is the effectlve earthquake duration in seconds. SPECTRA provndes a default value of
15 seconds.

(b) Probability of Exceedance This is the probability that an actual RS will exceed the calculated RS.
SPECTRA uses a default value of 0. 15 The probablhty of exceedance can take values greater than zero
but less than one.

(c) Damping Ratios. The user can specnfy up to 1 2 RS curves of different’ dampmg for which to calculate

" the output RS. Each RS curve is characterized by a unique damping ratio. The damping ratio is the
fraction of the critical damping. The damplng ratio can be, any-number greater than zero.

(d) PVRC Damping. Instead of using constant damping the user may" optionally specify PVRC damplng

: PVRC damping (see Reference 2) is defined as a function of frequency as follows

from 0 Hz to 10 Hz ,. damping ratlo 0.05,

- 10°to 20 Hz, ratio varies linearly from .05 at 10Hz to .02 at 20 Hz.,

above 20 Hz, the damping ratio = 0.02. '
Figure 3-1 shows the frequency dependency of the damping ratlos
(e) RS output frequencies. These are the frequencies at which the output RS frequencies are provided.
SPECTRA uses 75 default frequencies that satisfy the requirements laid out in Reference 6. The user-
may typeina dlfferent set of frequencles if desured

3.3.2. PS to TH Conversion

The quantities required are llisted below. S

(a) Number of TH points. The number of points at which TH is compuled Any number up to 8192 is
allowable. However, as this algorithm uses FFT conversion, a power of 2 Wl|| give optimal speed in the -

" conversion. The SPECTRA default value is 1024

3-1
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(b) Time Step. The time step (increment) in seconds.

(c) Random Seed. A seed number that is used to obtain a set of random numbers. The random
numbers are used to generate phase argles as this information is not available in the PS. '

(d) Intensity Type. - A time window that is applied to the time history. The intensity type can be either
‘constant or trilinear. |If Trilinear Intensity is chosen, tRise and tLevel; need to be additionally specified
(See Figure 3-2). ' : ' ' :

3.3.3. RS to PS Conversion '

For a given record, the RS curve with the lowest damping ratio is converted to PS as this provides the
most accuracy. The following quantities are required.

(a) Duration. See discussion in Section 2.3 above. '

(b) Probability of Exceedance. See discussionin Section 2.3 above. :

(c) Output PS frequencies The frequency values at which PS values are computed.  The default values
. are the frequencies used in any previous RS to PS conversion for the record in consideration: If such

frequencies are not available for. the record, SPECTRA generates.frequencies at equal geometric.intervals

between.the' lowest and highest RS frequencies at the rate of 24 frequencies per octave. ) ’

3.3.4.RSto TH Conversion’ | |
The quantities required are the samie as those discussed in PS to TH Conversion (Section 2.3)

3.3.5. TH to PS Conversion : g ~

Fourier coefficients are computed from zero to the Nyquist frequency in equal increments. PS The
frequency spacing at which PS is output needs to be specified in Hz. is output at equal frequency
intervals (specified by the user) and represents the incremental energy in the frequency band.

3.3.6. TH to RS Conversion : , : o :
For a given TH it is-possible to generate up to 12 RS curves. Each RS curve is characterized by a unique
damping ratio and an-associated set of output frequencies. : ' : :

(a) Damping Ratios.The damping ratios can be any positive numbers and represent the fraction of actual
-damping to the critical damping. The frequencies can be any positive numibers greater than zero. The
user can specify PVRC damping instead of constant damping for an RS curve. S

(b) Default RS output frequencies: These are the frequencies at which the output RS values are
calculated. SPECTRA uses 75 default frequencies that satisfy the requirements laid out in Reference 6.
A list of these frequencies is provided in Table 1 of Appendix A of SPECTRA user's manual (Ref. 3).

3-2
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' 4. SOFTWARE VERIFIGATION AND VALIDATION PLAN

41, Softwaré Description.
4.1.1. Program Identification -

This software verification and validation plan (SVVP) addresses Version 2.0 of the SPECTRA
software package. ‘ I ' . .

4.1.2. Originators _ ‘
The SVVP developer is Stevenson & Associates (S&A), 10 St’ateStreet. Woburn, Maséachusetts.
01801, Phone:(617) 932-9580.  S&A is also the sole developer of the SPECTRA software °
package. : o : : o

4.2. Test Description - -

4.2.1. Requirements to Be Tested

- The following features of fhé SPECTRA program will be checked.

~ Case 1. Data Import for PS Data.
Case 2. Data Import for RS Data.
Case 3. Data Import for TH Data.
Case 4. Unit Conversions for PS Data.
Case 5. Unit Conversions for RS Data.
Case 6. Unit Conversions for TH Data.
Case 7. PS to RS Conversion
Case 8. RS to PS Conversion
‘Case 9. TH to PS Conversion
‘Case 10. PS to TH Conversion
Case 11. TH to RS Conversion:
Case 12. RS to TH Conversion
Case 13. Broadening Response Spectrum
Case 14. Enveloping RS Curves *
Case 15. Copy List Data to the Clipboard
Case 16. Custom Formatting in EasyPlot

4.2.2. Acceptance Criteria for Each Requirement

~ Acceptability for Cases 1 "to 6 can be confirmed by’inspection of the relevant data. ‘For Cases 7 through
12 (type conversion utilities), correct operation of SPECTRA will be demonstrated by comparing the

4-1
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4.3. Test Cases

Each of the test cases is descnbed in the followmg sections and the expected output results are given for
each. The SPECTRA database SPQA2V0 was created to store the records used in the test cases

4.3. 1 Case 1: Data Import for PS Data

A set of 15 PS vatues is stored in the fi le PS001. PS on the SPECTRA QA dnsk A record is created by
" importing the PS values stored in the fi le PS001.PS. The record is shown in Figure 4-1. The SPECTRA -

Table Editor is used to view the PS values stored in the record Figure 4-2 shows a listing of the file .

R PS001.PS as well as a screen bitmap of the Table Edrtor The data in the file llstlng should match the

data in the Table Edltor
4.3.2. Case 2: Data Import for RS Data’

Two RS curves are stored in file RS001.RS on the SPECTRA QA disk. A record is created- by importing -
the RS values stored in the file RS001.RS. The record is shown in Figure 4-3. . The SPECTRA Table
Editor is used to view the RS values. stored in the record. Figure 4-4 shows a listing of the file RS001.RS
as well as a screen bitmap of the Table Editor. The data in the file hstlng should match the data inthe

Table Editor.

4.3.3. Case 3: Data Import for TH Data

- Aset of 17 TH values is stored in the file TH001 TH on the SPECTRA QA drsk A'record is created by

importing the TH values stored in the.file TH001.TH. THe record is shown in Figure 4-5. The SPECTRA
Table Editor is used to view the TH values stored i in the record. Figdre 4-6'shows.a Iustung of the file -
THOO1.TH as well as a screen. brtmap of the Table Edrtor The data in the file Ilstmg should match the
data in the Table Edutor ' : .

= Spectragtqadoc\spectraZ\qua—ZvO ,
Qatabase Windows View Envelopel

RECORD 001
CASE 01
RECNAME. |PS001 .
SRCTYPE |Ps
DAT ORIGIN |Ascli Flie
DATFILENAM | PS001.PS

INPXUNIT - [Hz
INPYUNIT G2

T (F : 2 R
LSource: PS . j Lecord 127 . j

Figure 4-1

42
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Swp

Ps Datag
Ent| . :
‘ PS us Freq

o No. - Freq PS

15 - .;~1 1.0606E-G63.
1.0 0.001 2 2.600BE+00G 3.06O0E-063
2.0 0.003 .3 3.0000E+000 6.0006E~003 -
3.0 0.006 4 4.0060E+000 1.006GE-062
4.0 0.010 S 5.0600E+E06 1.5060E-062
50- 0015 6 7.000GE+000 2.3000E-0062
7.0 0.023 7 9.0G000E+BG00 2.000GE-002"
9.0 0.020 8 1.1000E+001 1.6066E-062
11.0 0.016 2 1.3000E+801 1.4006E-GE2
13.0  0.014 16 1.4060E+0B1 1.206GE-062
14.0 0.012 11 1.8606E+061 1.6EOOE-062
18.0.  0.010 12°2.2006E+001 7.B0GOE-G03
220 0.007 13 2.5000E+661  5.006GE-003
25.00°  -0.005 14 3.0600E+001 ‘2. GEEEE-063
0 30.0 - 0.002 '15° 3.4006E+061 1.Q000E-063
340 0.001 ' SN

Listing of file o '
PS001.PS PS Values stored in database

Figure 4-2

Database Windows View Enveiopel -

RECORD. 002
CASE 02
RECNAME [Rs001
SRCTYPE [Rs .

| DAT ORIGIN |Ascii File
DATFILENAM|RS001.RS
INPXUNIT [Hz
INPYUNIT |G

EbT

["Reco‘rd Functions —

,§ource: Rs - j llﬂecord:ZIZ?

Figure 4-3
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Edit Rs Data

Event Duratlon:@
Prob. of Exceed:

Damping Ratlos

Edit Rs Dala

Event Duraﬂon:E.

Prob. of Exceed:

Damping Ratlos .

2 A '
16 ~ 0.010000
0.2 0.0058 S E
o vs Freq
1 0.7071 . Damping: 9.81
2 2. 3259 No. Freg RS
3 ° 45518 1 S.8000E-003
4.2 7.5589 2 1.6000E+868 7.0716E-001
’ ’ 3 2.0000E+000 2.3259E+060
5.25, 8.9472 4 3.9006E+000 4.5518E+900
6.25 10.769 5 4.2000E+4808 T.5589£+000
" 85 12.537 € 5.2500E+000 ©,6472E+060
- - T €.2500E+060 1.876IE+601
10 13,240 © 8.5000E+900 1,2537E+601 °
12 . 14532 S 1.0600E+601 .1.3246E+661
14 12517 18 1.20086E+881 1.4532E+661
. 11 1.4800E4901 1,251 7E+601
17 10.215 12 1.7600£+8061 1.021SE+001
25 9.0641 13 2.5080E+001 9.9641E+660
28 6.8163 14 2.8060E+061 G.8163E+068
: 15 3.1060E+081 G.436GE+600
31 6.4366 - 16 3.40080E+001 5.3276E+606
34 5.3276
16 - 0.0500 I
02 0.0058 i
0.6 '0.0639 Ent
1.1 0.6426 RS vs Freq
1.6 1.0929 No g::Pi"9= °-°5Rs
22 1.4907 2. 00000 -001 PR
28  2.2911 2 6.0006E-061 6.3000E-082
3.1.1000E+860 ©.4260E-001
345 2.9824 4 1.6006E+608 1.0923E+068
44 3.9802 S 2.2000E+068 1.4307E+000
55 . 46539 7 3.4590E+080 2. 2624E 008
: . +9) . +
6.75  5.5437 8 4.4BOBE+860 3.3882E+908
8 6.0053 * 9 5.5000E+006 4.6533E+0060
10 €.7500E+G00 5.5437E+060
105 63588 .11 ©.8000E+Q86 6.0053E+060
13 6.9572. 12 .1.0500E+001 6.3588E+008
16 57463 13 1.3660E+001 8,9572E+800
25 46617 14 1.6000E+001 5.T463E+080
. 15 2.5080E+801 4.6617E+660
34 3.2733 16 3.4080£+601 3.2733E+000
Listing of file
RS001.RS

‘RS Curve fo_r Damping Ratio = 0.05

| Database

Figure 4-4

Spectra g\qadgg\; pect;a‘é;s‘ i5t|a-—év0

~

INPYUNIT

Windows Yiew Envelopel

‘RECORD 003
CASE 03
RECNAME THOO1
SRC TYPE Th
DAT ORIGIN | Ascil Flie
DATFILENAM | THOO1.TH
INPXUNIT SEC

G

[ Source: TH

] [Record:10/27 |-

' Record Functions =

Figure 4-5
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Edit Th Data
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‘Time History . -
No.

NOUNEWN—-QOINODNEWN =
ONUNAN==NUNINONU =N

o

Accel.
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} . TH Values stored in database
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- 4.3 4 Case 4 Unlts Conversnons for PS Data

'lnternally PS data is stored as a set of acceleratlon power Vs, frequency usnng natlve unlts of G2 for
"power and Hz for frequency Data imported from ASCll files ¢an be converted to SPECTRA's native units.
‘When creating a'new record using an ASCII file one ¢an specify the units in which the PS values are

defined, and they will be converted. To verify correct operation, the fi le from case 1, PS001.PS, is
|mported by specu ing dlfferentxUnuts (rad/sec, sec) and-y-Units (G mm /sec4 cm2/sec4 m2/secd, -

‘lnches /sec feet Jsect *). The expected results are described below.

The entnes in the first column of the Table Edltor should- be 1 /21: tumes the correspondung entrues in the
first column of the file listing. The entries in the second column of the Table Edltor shouid be identical to

the correspondlng entries in the file listing.

._Case 4b. Units Conversion for PS Data; x-Ugrts sec, y—Unrts GZ-

As period is the reciprocal of- cycles/sec the entries in the first column of the. Table Edutor will be the '

" reciprocals of the entries in the file listing. SPECTRA stores the PS curves in ascending order of
frequencies, so the order in which the PS points are stored-is reversed. The second column of the

TableEditor should have the same values as the second column of the file llstlng in‘reverse order

Case 4c. Units Conversion for PS Data: x-Units:Hz, y-Units:mm2/sect,

The first column of the Table Editor should have tr? same values as in the file llstrng The second column
of the Table Edltor should be (1/(32 174*12*25 4) =1 0398E 08 tlmes the entries in the file l|st|ng

Case 4d. Unlts Conversion for PS Data: x-Units:Hz, y-Units: cm—[sec—

The first column of the Table Editor should have tl'f same values as in the file listing. The second column

“of the Table Editor should be (1/(32. 174* 2*2.54)) = 1.0398E-06 tlmes the entries in the file listing.

- Case 4e. Unuts Conversion for PS Data; x-Units:Hz. y-Units: m—[sec— '
.The first columin of the Table Editor should have thezsame values as in the file Ilstmg The second column

of the Table Editor should be (1/(32.174*12*. 0254)) = 1.0398E-02 times the entrles in the f le listing.

Case 4f Unlts Conversion for PS Dat x-Unlts Hz, y-Units: rnZLsec‘l

The first column of the Table Editor should have the same values as in the file listing. The second column
of the Table Editor should be (1/(32.174"12))"=6.7085E-06 times the entries in the file llstlng o

Case 4g. Units Conversion for PS Data. x-Un| s:Hz -Unuts —{_Q4
The first column of the Table Editor should have the same values as in the file listing. The second column
of the Table Editor should be (1/(32.174))“=9.66028E-04 times the entries in the file llstlng

4.3.5. Case 5: Units Conversions for RS Data -

Internally RS data is stored as a set of acceleration vs. frequency points. SPECTRA native units are G's
for acceleration and Hz for corresponding frequencies. Data imported from ASCI! files can be converted
to SPECTRA native units. When creating a new record using an ASCII file, the units in which the RS
values are defined can be specified.- Using the 1% damplng Rs-curve from the file RS001.RS, a file
RS002.RS is created. To verify correct operatlon the file RS002.RS, is |mported by speCIfylng different x
Units (rad/sec, sec) and y-Units (G, mm/sec?, cm/sec2 m/sec2 inches/sec2, feet/sec ). The expected
results are described below
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Case 5a. Units Conversion for RS Data: x-Units:rad/sec.y-Units:G, S , : .

The entries in the first column of the- Table Editor should be 1/2r times the corresponding entries in the

~ first column of the file listing. The entries in the second column of the Table Editor should be identical to
the corresponding entries in the file listing. o :

Case 5b. Units Conversion for RS Data; x-Units:sec,y-Units:G, = - . 7 -
As period is the reciprocal of cycles/sec, the entries in the first column of the Table Editor will be the
reciprocals of the entries in the file listing. SPECTRA stores the RS curves in ascending' orderof -
frequencies, so the order in which the RS points are stored is reversed. - _ '

Case 5c. Units Conversion for RS Data: x-Units:Hz y-Units:mm/sec?," R R :
The first column of the Table Editor should have the same values as in the file listing. The second column -
~ of the Table Editor should be 1/(32.174*12*25 4) = 1.0197E-04 times the entries in the file listing. "

Case 5d. Units Convefsion for RS Data; ,x-‘Unité:Hz.v-Units:cm/sec% ' : S
" The first column of the Table Editor should have the same values as in the file listing. The second column
of the Table Editor'should be 1/(32.174*12*2.54) = 1.0197E-03 times the entries in the file listing.

Case Se Units Conversion for RS Data: x-Units:Hz -Units:m/se 2‘ , .
The first column of the Table. Editor should have the same values as in the file listing. The second column

of the Table Editor should pev 1/(32.174*12*.0254) = 1.0197E-01 times the entries in the file listing.

Case 5f, Units Conversion for RS Data; xlUnits:Hz.v-Units:in/seoZ‘ - o
The first column of the Table Editor should have the same values as in the file listing. The second column
of the Table Editor-should be 1/(32.174*12) =2.‘59008E-03‘times the enttie;,,in‘the file-listing.

Case 5q. Units Conversion for RS Data: x-Units:Hz,y-Units: sec2, | :
The first column of the Table Editor should have the same values as in the file listing. The second column
of the Table Editor should be 1/(32.174) = 3.1081 E-02 times the entries in the file listing.

4.3.6. Case 6; Units Conversions for TH Data : o A A
TH data is stored as a set of acceleration time history values at successive and equally spaced time
intervals. SPECTRA native units are G s for the acceleration values; the time increment is assumed to be
given in seconds. . Data imported from ASCHI files can be converted to SPECTRA native units. When
creating a new record from an ASCIl file the units in'which the TH values are defined can be specified. To
verify correct operation, the file from case 3, TH001.TH, is imported by specifying different y-Units’
(mmisec2, cmisec?, misec?, inches/sec?, feet/sec?) The expected results are listed below.
-Case 6a. Units Conversion for TH Data; x- nits:sec,y-Units:mm/sec2, :
The first column of the Table Editor should have the same values as in'the file listing. The second column
of the Table Editor should be 1/(32.174*12*25.4) = 1.0197E-04 times the entries in the file listing.

Case 6b. Units Conversion for TH Data: x-Units:sec -Units:c secz‘ , v
The first column of the Table Editor should have the same values as in the file listing. The second column

of the Table Editor should be 1/(32.174*1 2*2.54) = 1.0197E-03 times the entries in the file listing.

Case 6¢._Units Conversion for TH Data: x-Units:sec.v-Units:m/secg‘
The first column of the Table Editor should have the same values as in the file listing. The second column
of the Table Editor should be 1/(32.174*1 2*0.0254) = 1.0197E-01 times the entries in the file Iistin_g.’
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Case 6d. Units Converswn for TH Data;  x- Unlts sec,y-Units: |n/sec2 :
" The first column of the Table Editor should ‘have the same values as in the file Ilstlng The second column
of the Table Editor should be 1/(32. 174*12) 2. 59008E 03'times the entries in the t” le llstlng

Case 6e. Units Conversion for TH Data: x-Units:sec,y-Units:ft/sec 2

" The first column of the Table Editor should have the same values as in the file Ilstlng The second column :

of the Table Editor should be 1/(32. 174) 3. 1081E—02 times the entries in the file listing.
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| 437 éase-7'-RS to RS Conversion . o L

Case 7a, Regulatog( Gulde 1 60 Motro

i

e

10%

S The u S Regulatory Gurde 1 60 motron (ref 5) def ned in terms of an RS for various. damplngs is used in
Case.7a. ‘At the specified damplngs the spectrum is defi ned by six control pomts as shown in Table 4-1.
Between these pornts the spectra is to be lnterpreted ina Iog-log fashlon R » o

; Freq (Hz) .5% 2% , 5% 7% ,
- [0.2- 1 0.471 '0.368 | 0.302 - 0.277 0.250. -
10.25 0.736 ' - 0.575 10471 0.432 -[0.391
2:5 -] 5,95 4.25 1313 272 . | 2.28
190 . 4.96 ' 3.54 2.61 . 227 1.9
. 1:33.0 1.0 - 1,0 | 1.0 11.0 1.0

34.0 . 1.0 “1.0.. 1.0’ 4 1.0 1.0 -

Table 4-1, REG GUIDE 1 60 Honzontal Response Spectra (1g ZPA)

‘Seventy-ﬂve pomt response spectra were manually created and stored in ASCll f le NRC16OH RS The

. .. 75 frequencies correspond to those listed. inreference 6. A SPECTRA record Was created by |mport|ng

_the ASCI file into SPQA2VO0. The record.i is ‘identified i in Figure 4-7 and plotted in. Figure 4-8. The five . | .
. ‘curves correspond to the f ive damplng ratlos 0 5%, 2%, 5%, 7% and 10% Notrce that ona log Iog scale S

’ the RS curves are linear. : e : o

' The PSD values correspondlng to the 5% response spectra curve are stored in f le NRC16OH RSE Itis ln‘, )

' EDASP format and was created by using EDASP's RS to PSD conversion Utility. (Prob. of Exceed=0.15,
- duration = 15 seconds;, cutoff frequency = 34Hz). "The program CNVEDZSP EXE is used to convert the -
© PSD values toa correspondlng PS which was stored in the SPECTRA ¢compatible ASCIi file ‘ :
- NRC160X PS." Arecord was created by lmportlng the fi Ie NRC16OX PS “The record is |dentlfed in Flgure s
4-9. The PS curve is plotted in Figure 4-10 - . . , -

- The ASCll fi le NRC160X RS Eontains the EDASP generated 5% RS data that is, conslstent with the "~ o
- 'EDASP PSD. A record was created in SPQA2VO by |mport|ng this fi Ie The record is |dent|ﬁed in Flgure
4- 11. The RS curve is plotted in Flgure 4,12 . o

Exgected Resu[ts (Case 7a)

" The result of converting the PS from the. record shown in Flgure 4-9 should be close to the 5% damplng
RS Curve shown'in Flgure 4-8. The results should match exactly wuth those obtalned usung EDASP
(Frgure 4-12) " ' o

¢

'4-9
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g pe a adg 2 d pQa 0
Database Windows View " Envelopel. .

RECORD s ‘I Record Functions =
CASE 07 Wi (REREdite
RECNAME. |NRC160H IR
SRCTYPE |RS

DAT ORIGIN |Ascli File
DATFILENAM|NRC160H.RS
INPXUNIT HZ

INPYUNIT G

[Source: RS [ ] Record:23177 |

Figure 4-7

| | RS Plot ]
Output '

9.9500E+000

a6l

B LOG

© 250006001 MR NT] B T N T

20000E-001 . LOG Hz . - 3.4000E+001

. "Figure 4-8

4-10
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Database Windows View Envelopel

Spectra g\qadocispectra2ispqa-2vo

IRECORD |024
CASE 07a
[RECNAME  [NRC160X

SRCTYPE |ps
DAT ORIGIN [Ascii Fiie

| DATFILENAM | NRC160X.PS
INPXUNIT HZ o
INPYUNIT G2

|source:Ps . "]  [Record:24127 j

- Figure 4-9

PS Plot .

1.8509E-003

G2

LIN

|

1.9371E-007

II‘IIII ) l‘ | lv.l.‘ivl.lll
20000E-001.  LOG = Hz

. .4000E+001

Figure 4-10

4-11
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= » Joclspa =

Database Windows View ' Envelope!

RECORD  |025 —'cor Functlons

CASE 07a
"IRECNAME |EDASP RS
SRC TYPE RS

DAT ORIGIN | Ascil File
DATFILENAM | NRC160X.RS
[iNexuniT.  |HZ
INPYUNIT G

[Record:25127

[ Source: RS j

Figure 4-11

Output
3.1108E4000
Gl
LoGf | ' |
29718E-001(/ 1 ¢ (00t i g alaaidl 1 -|
2.0000E-001 LOG - Hz . 3.4000E+001

Figure 4-12

_Case 7b. Smooth PS

A smooth PS curve is generated using the equation

.

(41) PS( =[ f(i e ) ] where f; = 0.2 and f, = 34.0 Hz.

The results of an PS to RS conversion (usmg the SPECTRA program) are compared to results obtained

using the EDASP program. The PS data is stored in the record shown in Flgure 4-13. ltis plotted in-

Figure 4-14:

The PS data from the above record was exported to the EDASP format file CASE7bED.RS. The PSD to
RS conversion utility of EDASP is used, and the resulting RS data is stored in file. 7bEDASP.RSE. The
data is converted to SPECTRA format (using the program CNVED2SP. EXE) and the results stored in file
7bEDASP.RS. The RS data in flle 7bEDASP.RS is |mported to the record shown in Figure 4-15 and

- dlsplayed in Figure 4-16.
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.The following parameters are used for the PS to RS ¢onversion.
SPECTRA: -

Damping = 0.05

Prob. of Exceedance = 0.5 c

Frequencies: Default SPECTRA frequencies.

SPECTRA uses 24 divisions per octave.

EDASP:

Damping = 0.05

Prob. of Exceedance = 0.5
Divisions per Octave = 24

Expected Results (Case 7b)

The RS data values stored in the record shown in Flgure 4-13 should match those stored in the record of
Figure 4-15.

= Spectra g\qadocispectra2\spqa-2v0
Qatabase Windows View Envelopel

RECORD 026
CASE . 07b
RECNAME ANALYTIC
SRCTYPE PSS’

DAT ORIGIN |Ascll File .
DATFILENAM| CASE7bSP.PS
INPXUNIT HZ )

INPYUNIT G2’

ISource PS "] [Record:zerzz -~ |
Figure 4-13

“PS Plot

1.6475E-001
G2
LIN .
0.0000E+000 S I L
' 2.0000E-001 LIN- Hz 3.4000E+001

. Figure 4-14

4-13
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c A pe cl elers

DRatabase Windows View Envelope!

|RECORD __ |027
|case . . jo7b . ~
RECNAME EDASP RS
SRCTYPE RS
DAT ORIGIN |Ascii Fite
DATFILENAM| 7ZbEDASP.RS
INPXUNIT HZ -
INPYUNIT G

T Record FUnctlohs

I Source: RS

|  |Record:27r27 |

Figure 4-15

\ RS Plot
Output '
3.0034E+001
o
LN |
1968BE-001F .y . | -y | .
~ 2.0000E-001  LIN 000E+001

Figure 4-16




- The SPECTRA RS to PS utility was used to convert the RS to a PSD

, Exgected Besgtts (Case 8a)

. ARSto PS conversion on.the record descrlbed m Flgure 4-17 wrth the following parameters should yleld a
'PS curve that matches with the one stored in the file NRC160X PS.. : »

?";‘.SPECTRA%Q Q}Ja'ityAssuranceManuat S e SWPL

4 3 8. Case 8 RS to PS Conversuon

“ A‘"’Case 85, REG Guude 1, 60 ) sctrum,

The RS to PS conversion-is self-checkrng in that the RS correspondlng to. the resultant PS is compared
with-the orlglnal RS. Note, that the PS'to RS conversion process.is mdependently verified: As a further .
‘check. the results obtamed from an RS to PS conversron are compared wnth results obtalned usmg the
EDASP program ) E “

The data descrrbed in.Case 7 (NRC160H RS) was used for the verlf catlon The F’S data stored in f le

| . -NRC160X PSi is |n a format compatrble for SPECTRA

R

A SPECTRA record was created usmg the 5% damped RS data (The Copy command is used to create a
‘new.record with the RS data. Edit (Data) is then used’ to delete the 0. 5%, 2%, 7% and 10% damplng

curves from the record RS data) The record'is ldentlf ed in Flgure 4-17

- 'Probabltlty of Exceedar\ce - =0. 15
. ... Excitation Duraton -~ =15.0 seconds
Iteration cycles . =5 ' T
- Frequencies , = SPECTRA default frequencues S

Spectra g. \qadoc\spectraZ\qua—ZvO
Qatabase YWindows | Mlew _E_nvelopel :

“TRECORD 028 ~Record tlons

|case. . losa o
RECNAME = |NRC160 (5%Damp)
-|sRCTYPE = |RS.

DAT ORIGIN -| Copy (Rec)
DATFILENAM|NRC160H.RS
INPXUNIT ~ |[HZ

INPYUNIT. G

Source: RS | IRecord 28129 | | \

. Flgure417 :

4-15 ..




SPECTRA 2.0 Quality Assurance Manual - - SVVP

Case 8b. Smooth Sgectrﬁum.
The RS data in record identified in Figure 4-18 was converted to PS using the SPECTRA program and the

 results compared to EDASP results. The RS data in the record is shown plotted in Figure 4-19.

The RS data from the above record was exported to an EDASP format file CASE8BbED.RS. The data from
this file is converted to a PSD using the RS to PSD utility of EDASP, and the results are stored in file

8bEDASF’ RSE. The following input parameters are used in the RS to PSD conversnons

SPECTRA mput parameters.

- EDASP Input Parameters.

Input File Name: CASE8bED.RS

Damping Ratio =0.05
Division/Octave =21.0
Prob. of Exceedance =0.5
Max # of lterations’ =25
Conv. Tolerance =0.001

Expected Results (Case 8b)

Damping Ratio =0.05 .

‘Probability of Exceedance =0.5

Duration = 15.0 seconds

lteration cycles =5

Frequencies = SPECTRA default frequencies.

The PSD values stored in file CASE8bED. Sp (SPECTRA results) should match PSD values stored in file

8bEDASP.RSE (EDASP resuits).

D Qatabase ﬂlndows

"Spectra g: \qadoc\spectraZ\qua-ZvO

View Envelope!

- rRecord Functlons—

RECORD 029

CASE 07b.

RECNAME |Rs to Ps (Sp)
SRCTYPE |RS . = .
DAT ORIGIN |Copy 626 Rs (7b)
'DATFILENAM|

INPXUNIT

INPYUNIT

[Sdurce: RS

I g | RgCord:29I29 J

Figure 4-18

4-16
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RS Plot

3.0089E+001 [

GlE
LOGE
1.9608E-001 7 AR ‘|:.| MR L
2.0000E-001 . LOG 'HZ' . . 3.4000E+001
‘ _ Figure 4-19 s

4-17



i

SPECTRA 2.0 Quality Assurance Manual o —_ . SVWP

4.3.97~Case 9: TH to PS Convers'ion.’

Case 9a. Earthquake Motion
The results of a TH to PS conversion obtained using SPECTRA are compared to those obtained using the

Subroutines described in Reference 8. The TH used for the companson is stored in file DUKE.TH.

The Fourier components of the time history glven in ﬂle DUKE.TH are obtained using the program
TESTFFT.EXE described in Reference 8. The Fourier components are stored in file DUKE.FS. The
Fourier components stored in file DUKE.FS are then converted to PS using the program FS2PS.EXE .
(The program FS2PS.EXE converts a set of Founer components to corresponding PS values.) The

. resultmg PS is stored in file DUKE387 PS.

A SPECTRA record is created using the file DUKE.TH. The record is identified in Flgure 4-20 and the
~ corresponding TH.is plotted in Figure 4-21. The SPECTRA utility for TH to PS conversion is used to
_ convert the time history to PS.

Expected Results (Case 9a)
The result of convertmg the TH should match the PS values stored in file DUKE387.PS.

Spectra g\qadocispectra2ispqa-2vo
Database Windows Yiew Envelopel

REGORD 030 "Recrd_ Funtlons_“

CASE ’ 09a

‘| RECNAME DUKE
SRCTYPE |Th

DAT ORIGIN | Ascll File

DATFILENAM|Duke.th

INPXUNIT sec '

FData Functions
SEICE: "“ﬁ“ﬁm

INPYUNIT G

Figure 4-20

_ TH Plot
Output
1.3393E-001
G
CUINE
-1.4949E-001 _
©0.0000E+000  LIN  sec ~ 2.0470E+001

Figure 4-21°

- 4-18
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Case 9b. Sine Wave

An approxamataon of 10Hz sine wave is created using 1024 points at 0. 014662 second intervals, for a total
duration of 15 seconds. The time history is stored in the record shown in Figure 4-22 and plotted in Figure

Expected Results (Case 9b)

" 4-23. A TH to PS conversion was then performed using a frequency spacing of 0.125Hz.

The calculated PS should correspond to a one sided PS of a pure tone with unat amplltude a.value of 0. 5

‘G at 10Hz for the ideal case. Leakage will cause part of the PS value to spill to nearby. frequencies.
. Therefere the sum of the PS values at f(equenCIes near 10Hz should be close to 0.5..

Spectra glqadocispectra2ispqa-2v0

Database . Windows Yiew ' Envelopel

RECORD - |031

"Record Functions—]

CASE  ~ |09b

RECNAME |Thto Ps

SRCTYPE |Th *

DAT ORIGiIN |Ascil File

DATFILENAM] Sine10Hz.th

INPXUNIT .- |sec.

INPYUNIT |G

' [Source:‘ TH g

1

|Recora:aual |

Figure 4-22

9.9990E-001 [

G
, ~ UNE
99948e001t -V, VN Y Y Vi Vi Ve
| " 0.0000E+000 LIN  sec - . 1.0000E+000

Figure 4-23
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~4.3.10. Case 10: PS to TH Conversion

Case 10a. Eaghguake Motuo

. The PS to TH conversion was used to generate asetof TH values from the PS data in file DUKE387 PS.

The record identified in Figure 4-24 contains the PS data. -

The SPECTRA utlllty for PS to TH conversion was used to generate a time hlstory with the followmg
parameters.

Number of Points = 2048

Time Step
Random Seed

= .01sec
23456

Intensity Type = Constant *

The resultant TH was copled to anew record shown in Figure 4-25. The TH to PS conversion utility was
then used (with a frequency spacing of 0.5Hz) to generate a corresponding PS.

Exgected Results (Case 10a)
The PS values stored in record shown in Figure 4-25 should match those stored in file' DUKE387 PS.

Spectra giqadocispectra2ispqga-2v0
Qatabase ﬂIndows View Envelopel . !

RECORD 032 - Record Functions—1
CASE 10al o

RECNAME | DUKE387

SRCTYPE |Ps .

DAT ORIGIN |Ascll File

DATFILENAM | Dukeda7.Ps

INPXUNIT | Hz

INPYUNIT | G2

| Source: PS

| [Record:a2132

Figure 4-24

atabase Windows View Envelopel
{RECORD .1033
CASE 10a2
RECNAME DUKE387
SRCTYPE Th .
DAT ORIGIN | Copv 032 Th
DATFILENAM
INPXUNIT
INPYUNIT
[ Source: TH J I Record:33/33
Figure 4-25

4-20
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Case 10b.. Sine Wave ‘ _ :
The PS data from case 9b is used as input to a PS to TH conversion. The result should be a 10Hz time

history.- The PS data is stored in the record shown in anure 4-26., and plotted in Figure 4-27. The

conversion parameters used were
Number of Points = 1024
- Time Increment = 0.014662
Random Seed = 123456
Intensity Type = Constant.

Expected Results (Case 10b
ThePS to TH conversion should produce a 10 Hz tone.

Spectra g:\qadocispectraispqga-2v0
Database Windows VYiew Envelopel

 [RECORD 034 . . ~Record Functions =]

CASE 10b1

RECNAME  |PstoTh

SRCTYPE [Ps

DAT ORIGIN |Copy 9b Ps

DATFILENAM

INPXUNIT
INPYUNIT

[Source: PS I ' [Record:34134 I

Figure 4-26

PS Plot
Output |
47264E—001 N
' G‘Z:
LIN: _
"~ 0.0000E+000(" | = L I
' 0.0000E+000 - LIN  Hz 1.3875E+001

Figure 4-27
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4.3.1 1. Case 11: TH to»RS Conversion.

Case 11a. Random Motion.

‘A set of TH values was generated using a random number generator. The amplitude of the generated TH

has a Gaussian distribution with zero mean and unit variance. The TH values are stored in file
RANDOM.TH.

The number of TH points is 601 at equally spaced intervals of 0.025 seconds. The maximum TH
amplitude is 2.91. A source TH record is created using the TH data in file RANDOM.TH, shown in Figure
4- 28 The TH curve is plotted in Figure 4-29.

TH to RS conversion was used to obtain the corresponding RS with a damping ratio_ of 0.05. The RS |
values are calculated at the 75 default frequencies described in Section 2.4.7. The results of the TH to RS
conversion using SPECTRA, are exported to file RANDSPEC.RS.

~ The RS values obtained usfgg SPECTRA are compared with those obtained using the EDASP program.

The TH ‘points used for EDASP are stored in‘file RANDEDSP.TH. The results of the EDASP program are

~ stored in file RANDEDSP.RS. To compare EDASP results with SPECTRA it is necessary to generate
. addmonal TH points by linear interpolation of TH values for the followmg reason.

FTH values are specified at a set of time points t. SPECTRA checks for’ RS peaks that might occur

within ; and ti+1 depending on the oscillator frequency. When calculating the RS for the oscillator
frequency f, SPECTRA subdivides the interval tj to ti4 |nto nSubDivisions to ensure that at least 10 points
are checked for each complete cycle.

EDASP assumes that the RS peaks will occur either at t; or t4.4. At higher oscillator frequencies this
assumption may.not be true as the peak could occur at an intermediate point. To make EDASP results
comparable to SPECTRA at frequencies up to 34 Hz, it is necessary to have. TH values at intervals of
1/340 = .002941 seconds. Linear interpolation is used to calculate TH values at .002941 second intervals
and the resulting TH is stored in file RANDEDSP. TH EDASP is then used to compute the 5% RS

’correspondmg to this interpolated TH.

- Expected Besul;s (Case 11a)
N The RS stored in the record shown in Flgure 4-28 should match that glven in file RANDEDSP RS

_ Spectra gi\qadocispectra2ispqga-2v0
Database Windows View Envelopel

|RECORD . - |035

CASE 11a _
RECNAME |THRANDOM
SRCTYPE Th

DAT ORIGIN [Ascll File
DATFILENAM | Random.th
INPXUNIT sec -

~Record Functions—

INPYUNIT G

[ source: TH |  [Record3s/as ]

Figure 4-28

4-22
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Output

‘::“ .

TH Plot

| . 2.914BE+000
' G
% LIN

1

|

-2.8752E+000

~ 0.0000E+00

LIN

T

Figure 4-29

. 1.5000E+001




SPECTRA 2.0 Quality Assurance Manual o SVVP

43. 11 1. Case 11b

The RS corresponding to a unit amplatude 10Hz sine wave is computed with SPECTRA’s TH to RS utility.
The results are compared to a hand calculatlon The 10 Hz TH data is stored in the record shown in Flgure 4-
30.. : .

Expected Results {Case 11b)

From reference 13 p. 128, the steady state response ofa SDOF oscullator to sinusoidal base motion is

(4.2)

L An1+(pry

(1-7)+(2Bp)*

where

A, = forcing amplitude -

p = ratio of forcing frequency/natural frequency
B = Damping ratio as a percentage of critical.

A, = response amplitude.

Because Eqn. (4.2) is for the steady state response, the RS values will tend to deviate from the predicted SDOF
response. In addition there are errors associated with the discretization process. However, for cases where the
steady state dominates, this estimated value should be close to the actual RS. A resonant case with significant
damping should provide a good match.” Therefore the value of a 5% damped RS at f=10Hz should produce a
value equal to A, ¢op r=1 and p =0.05, whlch is A, = 10. 05 g.

Spectra g \qadoc\spectraZ\qua—ZvO

Qatabase Windows View Envelopel’

RECORD 036

CASE - 11b1

RECNAME |Thto.Rs.
‘|SRCTYPE |Th

DAT ORIGIN |Ascli Fite -

DATFILENAM| Sin10Hz.th-

INPXUNIT sec h

INPYUNIT G’

l Source: TH

I-, _.IRecord:ElGIaG —l a

- lfigurgé 4-30°

4-24
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4.3.12. Case 1 2:' RS to TH Conversioh

Case 12 Regulatog( Guide 1.60 Sgectrum

The RS to TH conversion is self—checkmg in that the RS correspondlng to the resultant TH is compared
with the onglnal RS . _ e

A record was created using the 2% damped NRC160 RS data |dentlﬁed in Flgure 4- 31 The RS to TH
utility is used to obtain the corresponding TH. Parameters used are

Number of Points =1024
- Time Step - =1/68 seconds = 0.014705 seconds
RandomSeed -~ = =123456

Intensity Type = Constant
Iteration Cycles =2

The resultant TH was copled to a new- record shown in Frgure 4- 32

E;gected Results (Ca§e ]2)
The original RS and an RS calculated from. the output TH should match well, - Note that the TH to RS

conversion process is lndependently venﬁed

= Spectra giqadocispectraispqa-2v0
Database ¥indows ¥Yiew Envelopel

RECORD 037

CASE 12a1 C
RECNAME NRC160 22¢ damp
SRCTYPE RS ‘

DAT ORIGIN | Copv Rec 023
DATFILENAM| NRC160H.Rs
INPXUNIT
INPYUNIT

lSource: RS I . [Record:37!37 |

Figure 4-31

atabase Windows ¥Yiew Envelope!

RECORD 038

CASE 12a2

RECNAME NRC160 2% damp
|SRCTYPE . |Th i '
DAT ORIGIN | Copy Rec 037 Th
DATFILENAM '
INPXUNIT

INPYUNIT

; BIEndIR
[source:TH | [Record:38/38 |

Figure 4-32

-4-25
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4, 3 13. Case 13: Broadening RS
SPECTRA allows the user to broaden RS by a specnf ied broadenmg factor. The broadened RS is stored

‘as (calculated)RS The user can copy the broadened RS to create a new record.

Three SPECTRA records are created from RS data in file RS51X. RS RS52X.RS and RS53X.RS. The
RS curves in each record are broadened by a factor of 0.15. The (original)RS values and the broadened
RS values are stored in records shown in Figures 4-33, 4-35, and 4-37. and the plots in Figures 4- 34 4-
36, and 4- 38 respectively.

Expected Rgsults. Case 13

The results obtained from the SPECTRA should match those described on page 26 of the EDASP
Verification Manual (Reference 4). The (original)RS curves are stored in the above records as source RS
and the broadened RS are stored as calculated RS.

Qatabase _Windows ylew Envelopei .

RECORD lo3g

CASE 13a1 -
RECNAME | RS51X(0Orq)
[SRCTYPE = [Rs"

DAT ORIGIN |Ascll File
DATFILENAM|RS51X.RS
INPXUNIT Hz ’
| INPYUNIT |G

| source: RS | _,4|Reco"rd:39I3'9,‘ |

- Figure 4-33 _
Qutput
1.4902E4001
@ E
LNE Y
3.3329€E-001C LT Ll
9. 6419E-002 ' LOG Hz » 1.0448E+002

- Figure 4-34" .

426
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_ Spectra gi\qadocispectrazispqa-2v0
Database Windows. Yiew Envelopel

-RECORD 040

CASE 13a2
RECNAME ' |RS52X(0Orq)
SRCTYPE Rs . '
DAT ORIGIN |Ascll Flle
DATFILENAM| RS52X.RS
INPXUNIT Hz
INPYUNIT G

] .IRécord:mMO. ]

" Figure 4-35

RS Plot
Output '
- 4.3958E+000 [
oL
“LINE
1.1090E-003 | -y ¢ 41y AR I WAL
‘964196002 - LOG " Hz ‘1.0448E+002

‘Figure 4-36

- 4-27
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RECORD  [o041 - :
CASE 13a3
* RECNAME |RSS53X(0rq)
SRCTYPE |[Rs
- DAT ORIGIN |Ascii Fiie -
| DATFILENAM|RS53X.RS
" INPXUNIT  [Hz
- INPYUNIT |G
! 0 -

- Qutput
Al.3'466E‘+0'00_
of
. . LINEC .
: 3.9200E-004 [§ L1t ARl vl
8.7598E-002 LOG Hz 1.0916E+002

Spectra g\qadocispectra2ispqa-2v0
Database Windows  Yiew Enveiopei

Source: RS

|  |Record:41241

]

“Figure 4-37

RS Plot

Figure 4-38

4-28
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4.3.14. Case 14: Enveloping RS.

SPECTRA can be used to obtain the envelope of two or more RS curves from one or more databases. To
verify the process, two RS curves are enveloped. One RS curve represents the NRC 0.5% damping
curve stored in record listed in Figure-4-7. The other is the 5% damping RS curve corresponding to the
record described in Figure 4-3. Figure 4-39.shows the two RS curves plotted together. and Figure 4-40 -
shows the corresponding envelope The envelope is stored in-the database in the record descrrbed in
Figure 4-41. : .

‘Exgegted Results.

A visual inspection should indicate that each.ordinate of the envelope curve is equal to the greater of the
corresponding ordinates. of the 2 constituent curves.

— Rs Envelope Plot
Add Delete” Show

6.9572E+000

LIN \
5.8000E-003 | " TR ‘
2.0000E-001 LIN  Hz 3.4000E+001

Figure 4-39

Rs Envelope Plot

Add Delete Show

6.9572E+000 [~
ef
‘ LIN . '
4.7100E-001 L 1 1 l R 1 L1 ’
2.0000E-001 LIN Hz : 3.4000E+001
Figure 4-40
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. = Spectra glqadocispectra2ispga-2v0
: ' Qatabase }:[ndows _View Envelope!

RECORD 042 - ~Record Functions—

|CASE 14a
RECNAME Rs Envelope
SRCTYPE Rs '
‘| DAT ORIGIN |Envelope
DATFILENAM
INPXUNIT Hz
INPYUNIT |G

| source: RS " | V[Record:42!42 |

Figure 4-41

.4.3.15..Case 15: Copy List Data to the Clipboard

| Ps, Rs and Th LlSt data is copied to the Chpboard from the SPECTRA records The List data copled to

‘ - the Cllpboard should match the data in the SPECTRA records

Case 15a,‘ Cogy Ps Llst Data

" 'The Ps List data stored in the record ldenttf ed in Flgure 4-9 is copted to the clipboard. The Ps List data

ure 4-42 matches that in Figure 4-43.
PSList N
' Qopy Print’ ‘ ’ , .

Source Power Spectrum
.Hz G2
0.2 -~ 9.82415e-005 -
0.205855 0.000304061
0.211881 0.00023576
0.218083 0.00018063
0.224467 - 0.00013677 -
0.231038 0.000102356
-0.237801 0.000104702
.0.244762 .  0.000117737
0.251927 . 0.000131875
0.259302 0.000147172
.0.266892  0.00016368
0.274705 - 0.00017575
~0.282747 0.000182969
0.291023 0.000190067
0.299543 . 0.000197041

shown in Fig

Ifile Edit Display Help

Hz G2 :

0.2 9.82415e-005
0.205855  0.000304061 -
0.211881 0.00023576
0.218083 0.00018063
0.224467  0.00013677
0231038 0.000102356
0.237801 0.000104702
0.244762  0.000117737
0.251927 -~ 0.000131875 -
0.259302  0.000147172
0.266892 0.00016368 -
0.274705  0.00017575
0.282747 0.000182969
0.291023 0.000190067
0.299543 - 0.000197041
0.308311 0.000201972

4-30



i, ¢
SN T

SPECTRA 2.0 Quality Assurance Mandél : SVWP

Case 15b. Copy Th List Data

The Th List data stored in the record ldentlf ed in Figure 4- 5 is copied to the Chpboard The Th List data
shown in Flgure 4-44 matches that in Figure 4-45. : :

Clipboard Viewer

TH List : \
 File Edit Display Help
sec G '

0 o
: : 0.01 0.25
. 001 : T 0.02 05
0.02 . 0. 5 . ‘ 0.03 0.75 ‘
0.03 0.7 N - 0.04 .1 e
0.04 1 0.05 0.75
0.05 - 0.75 © . . - J0.06 .05 - -
0.06 0.5 /- [0.07 025
0.07 025 - M 0.08 0
0.08. 0 .. : ~ J10.09 -0.25
0.09 -0. 25 i : - 0.1 -05
0.1 05 o fear 075
011 075 B | 0.12 -1
012 -1 . : 0.13 -0.75-
013 0715 B ” 0.14 -05
0.14 05 B -0.25
0.15 025 . TR
Figure 4-44 . - : . Figure 4-45
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-Case 15¢. Copy Rs List _D'a‘;a -

- . An x-axis tolerance of 0.015 Hz is applied to the Rs List calculated data stored in the record identiﬁed in
. Figure 4-17 prior to being copied to the Clipboard. The Rs List calculated data (prior to application of the

tolerance) is shown in Figure 4-46. Figure 4-47.displays the same spectrum subsequent to the application
of the tolerance. Note that the larger of the two response (y-axis) values is chosen for closely spaced
frequency (x-axis) values within 0.015 Hz as shown in Figure 4-47: 0.321109¢'s being chosen as the
larger of the two response values corresponding to 0.2Hz and 0.205821Hz; 0.361389g's being chosen as

" the larger of the two response values corresponding to 0.0.211812Hz and 0.217978 Hz; etc.

RS Llst

Qopy Print . :
~Calculated Response Spectrum i ' |
Hz G N : : o
0.2 0.295636 E . : - |

0.205821 - 0.321109
0211812  -0.343089
0217978  0.361389 _
0224322  0.377095 =)

0230852 ' 0.391765 | | Fle Edit Display Help
0237571  0.406656

0.244486  0.422407 B () 50%(Q)

0.251602  0.43912 0.2 . 0.321108

: : 0211812 0.361389

0258926  0.456578
0266463  0.474455 0224322 0391765

\
1
¥ l0237571  0.422407
8;33;3‘3 3;;?5333 . gl 0251602  0.456578 |
0.290414  0.527581 | (0266463  0.492433
0.298867 0544245 - . B |[0.2822 0.527581
0.307567 0560082 3 [/0.298867  0.560082
0.316519 0.575148 ¥ 10.316519  0.589682
0.325732 0.589682 B (0335213 0.618222
0.335213 0.603971 . B 10.355011  0.632529

0.34497 0.618222 . B8 10.365345 - 0.646926
0.355011 0.632529 " B 10.375979 0.661487
0.365345 - . 0.646926 = .
0.375979 - 0.661487 A ] O R
Figure 4-46 » Figure 4-47
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4.3.16. Custom Formatting in EasyPlot

Selected response spectra from the record shown in Flgure 4-7is plotted usmg the EasyPlot program (ref.
12).. The custom formatting options employed in this.case include selecting a plot title, 1/2%,2% and 7%

and 4th database field labels and their values for printing, and the default options for the EasyPlot
template and EasyPlot Parameter file identification. The SPECTRA EasyPlot Parameter dialog box used
in the formatting is shown in Figure 4-48. Figure 4-49 demonstrates the acceptability of this case.

- damped spectra for plotting, a database field posstlon file (sampl02.txt) which has selected the 2nd, 3rd

‘EasyPlot RS Parameters

| Plot Titte:  (TEST PLOT'REG GUIDE 1.60 . B 7
f rTemplate - et Database Fields Positions —
o ® Defauit O Defauit
QO Custom @ Custom

[ I [g:\qadoc\spectraZ\samplOZ.txt ’

"Dampmgs — —Save File As- :
@) All Source @® Default .
1{ ® Some Source Caiculated la: \qadoc\spectraZ\qua—er 23 |
| . —
:
i
i , |
[
- Figure 4-48

i
{
i

g\spectra2itemprs.ezp
thlons Jools " Window

[ Fle Edit . add Style

v

Acceleration(G)

-~

TEST PLOT REG GUIDE 1.60

CASE: 07~

RECNAME : NRC160H

‘SRCTYPE:RS

Frequi=:y(Hz)

C@E J

Figure 4-49
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5. QA VERIFICATION

This section presen-'ts the results of the .te‘st.cas‘es layed out in Section 4 The SPECTRA database
SPQA2VO contains all SPECTRA records referenced in the verification process. The ASCI| based
text files used are stored along with SPQA2VO. The data is kept on file at S&A's offices.

‘Cases 1 through, 6 lend to straightforward verification. In those cases inspection of data
adequately confirms correct operation of SPECTRA. Verification of Cases 7 to 12 relies on other
- QA qualified:programs or on calculations. Cases 13, 14, 15, and 16 are verified by inspection.

- The EDASP [4] program is used to verify the PS to RS, RS to PS, and. TH to-RS functions. - ‘E'DASP.
has been qualified for Use under S&A's Quality Assurance program and has been used extensively
by nuclear engineers since 1984. SPECTRA and EDASP use similar algorithms_for the above -
conversions and results should be generally the same except for minor differences in the:
discretization process. =

AThe program 387FFT [8] is used to verify the results of the TH to PS conversion. 387FFT is a .
library of FFT related functions for use on |BM compatible computers using the Intel 8087/287/387
co-processor chip.

5.1.Case 1 | o ‘

Inspection of Figure 4-2 confirms that the da_ta has been correctly imported.

5.2, Case 2

Inspection of Figure 4-4 confirms that the data has been correctly imported.

5.3. Case 3

Inspection of Figure 4-6 confirms that the data has been correctly importea. >
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5.4. Case 4

15 :
1.0 0.001
2.0 - 0.003 .
3.0 0,006
4.0 0.010
5.0 -0.015
7.0 0.023
9.0 0.020
"11.0 0.016
13.0 0.014
.14.0 - 0.012
.18.0 0.010
22.0- 0.007
25.0 0.005
..30.0 0.002
34.0 0.001
PS001.PS
x-Units:rad/sec,
y-Units:G2 -

z -
o
VONOVNIE Nl

[55 NrS \ Ns G 'y
VIEWNa®

PS us
Fre

3.1831E-001
L.7746E-861

.6 .3662E-801

7.9577E-001
1.1141E+8886
1.4324E+0880

" 1.7567E+008

2.08690E+0880
2.2282E+800

2.8648E+080

3.5014E+ 808
3.9789E+ 080
4.7746E+000
S.4113E+808

Freq
PS

1.0000E-003

3.00008E-003
6 .8800E-083

1.0800E-002

1.5886E-002
2 .39886E-002
2.9080E~- 062
1.6886E-082
1.40880E-082
1.2000E-002
1.08080E- 802
7 .8000E-083
5 .8800E-003
2 .8880E-003
1.88080E-083

Delete
Append
oK

‘Cancel

I

difd

Figure 5-1 Casé 4a -

QA Verification °

» Figurés 5-1 to 57 show the results of importihg PS data.with units convérsi_on.- Inspection of the
figures verifies that SPECTRA has correctly converted the data to the native Units Hertz and G2.
The imported data is‘ stored as records 10 to 16 in SPQA2VO.

. klll
19
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15 -
1.0 0.001
2.0 * 0.003 S ‘
3.0 0.006 ~ PS us Freq
4.0 0.010 No. Fre PS
5.0 0.015° 1 1.0000E- 0083
7.0  0.023 2 3.3333E-002 2.0000E-003
. 9.0 - 0.020. ] 3 4.0000E-002 S.B080E-0083
130 0.014 5 5.5556E-862 1.0000E-002
140. 0.012 6 7.1429E-062 1.2080E-082 -
180 0010 7 7.6923E-002 1.4800E-002
: : 8 9.0909E-002 1.6000E-0802 )
22.0 0.007 9 1.1111E-861 2.0000E- 802 — .'
25.0 * 0.005 10 1.4286E-001 2.3000E-002 . ( Append
-30.0 0.002 11 2.8000E-861 1.5080E-862 : '
34.0 0.001 12 2.5808E-001 1.8008E-082 | oK
Listing of file 13 3.3333E-001 6.0008E-063 f
PS001.PS 14 S.0G000E-0861 3.0000E-003
x-Units:sec, y- . 15 1.0080E+8088 1.8080E- 003 ‘E
. Units:G2 " . o B R '
Figure 5-2 Case 4b
15
1.0 - 0.001
2.0 0.003
3.0 0.006 o PS us Freq
4.0 0.010 No. Freg - Ps
50 0015 NPT 1. 0390E - 011
7.0 0.023 2 2.08000E+008 3.1195E-011
9.0 0.020 - 3 3.8800E+080 6.2389E-611
. 5 5.0000E+880 1.5597E-018
:Z’:g g'g}g : "6 7.8088E+088 2.3916E-610
180 0010 7 9.0000E+008 2.0796E-018 -
: : 8 1.1000E+081 1.6637E-610 | Delete |
22.0 0.007 9 1.3000E+0681 1.4557E-818 -
25.0  0.005 10 1.4606E+061 1.2478E-010 | [_Append |
30.0 0.002 11.1.8000E+801 1.0398E-810 T
34.0 .0.001 12 2.2000E+881 7.2787E-611 | 0K
13 2.5000E+061 5.1991E-811 '
Listing of file 14 3.0000E+001 2.0796E-011 cel |
PS001.PS 15 3.4000E+801 1.0398E-011 -
x-Units:Hz, y- ‘ |

Units:mmZ2/sec?

Figufe 5-3-Case 4c

R
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QA Verification

- 15

1.0 0.00%1
2.0 0.003
3.0 . 0.006
4.0 0.010
5.0 0.015
7.0 0.023
8.0 0.020
11.0 0.016
13.0 0.014
14.0 . 0.012
18.0 0.010
22.0 0.007
25.0 0.005
30.0 0.002
34.0 0.001

Listing of file

PS001.PS
x-Units:Hz, y-

Units:cm2/sec?

OO NV SN -

18
11
12
13
14
15

PS vs

- Freg :
4. 8008E+ 080

2.0000E+000
3.0000E+000
4. G000E+000
S .0000E+8080
7..0080E+080
 9.0000E+000
1.10006E+0861
1.3000E+061
1.45000E+ 601
1.8080E+001

+2.2000E+861.

2.5000E+061
3.0000E+001
3.4000E+001

Freq
PS

6.2389E-009
1.06398E-008
1.5597E-0088
2.3916E-008
2.8796E-888
1.6637E-008
1.4557E-008
1.2478E-808

1.0398E-0808
7.2787E-809 .
5.1991E-009 |

2.0796E-889

1.0398E-609

1.0398E-009
3.1195E-069 -

Figure 5-4 Case 4d

15
1.0 0.001
2.0 0,003
3.0 -.0.006 °
4.0 0.010
5.0 0.015
7.0 0.023
9.0- 0.020
11.0 0.016
13.0° 0.014
14.0 0.012
18.0 - 0.010
22,0 0.007
/25.0  0.005
30.0 0.002
34.0 - 0.001
Listing of file
PS001.PS
x-Units:Hz, y-

Un_its:mzlsec4

n PS vs Freq-
No. Freg - PS
1 1.0398E-805
2 2.8006E+800 3.1195E-065
3 3.8000E+800 6.2389E-005
L 4.0000E+006 1.0398E-004
S 5.0008E+0688 1.5597E-004
6 7.0880E+0808 2.3916E-004 .
7 9.00080E+000 2.06796E-084 | ‘
8 1.1880E+601 1.6637E-004 - [:EEE&E::
' 9 1.3000E+001 1.4557E-004 - | — ,
- 10 1.4808E+001.1.2478E-004 | Append |
11 1.8080E+0801 1.0398E-004
12 2.2080E+861 7.2787E-065 OK
13 '2.5060E+001 5.1991E-005 —
14 3.6800E+001 2.0796E-005 Cancel
15 3_4B00E+ 001 1.0398E-085 '

\ -

Figure 5-5 Case 4g - o
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15
1.0 .0.001
2.0 0.003
3.0 0.006
4.0 0.010
5.0 0.015
7.0. 0.023
9.0 0.020
11.0 0.016
13.0 1. 0.014
14.0 0.012
. 18.0 0.010
22.0. 0.007
25.0 0.005
30.0 '0.002. |-
34.0  0.001.
Listing of file
PS001.PS.

- x-Units:Hz, y-
,Units:inzlsec4,

-

o~ EWN

10

12
13
14
15

PS vus

Ho Freq '
1.0006E+086

'2.0000E+000.

'3.6000E+000
4.0000E+000
5 .0000E+000
7 .0008E+000
9.0080BE+000
"1.1660E+0861
1.3000E+0801
1.4000E+6061

11 1.8006E+0061

-2 .2000E+001
2_5006E+001
'3.0000E+001
3.4000E+001

Freq
PS .
6.7085E-089

2.0126E-608

4.6251E-008
6.7085E-068
1.0063E-087

'1.5436E~007

1.3417E-007
1.0734E-08067
9.3919E-068
8.06502E-068

'6.7085E-008.

4.6960E-008
3.3543E-008

1.3417E-008

6.7085E-0089

| [ Append ]

| Delete ‘

[ ok
| Cancel‘ |

15
1.0. 0.001

2.0 0.003

3.0 0.006

4.0 '0.010

5.0 0.015
7.0 0.023.
9.0 0.020

11.0 0.016

13.0. 0.014.

14.0. 0.012
18.0 0.010
22.0 . -0.007

©25.0 -0.005 .

30.0 0.002
34.0 0.001
Listing of file

"PS001.PS :

. x-Units:Hz, y-
Units:f,t?/sec4

Figure 5-6 Case 4f

VONOVIEWN

108
11
12
13
.14

1 15

© PS vus

Freq . .’

“‘NO. . i

2.0000E+008
3.0000E+000
4. 8BOOE+0600
5. 0006E+000
7.0000E+060
9. 6000E+006
1.1006E+001
1.3000E+001
*1.4006E+ 001

1.8006E+001

2.20006E+001
2.5000E+001
3.0086E+001
3.4006E+001

Freq
PS

1JEECEISIE 9.6603E-0667
2.8981E-066

5.7962E-006
9.6603E-006
1.4490E~-005
2.2219E-605
1.9321E-605
1.5456E-005
1.3524E-605
1.1592E-805
9.6603E-086
6.7622E-006
4.8361E-006
1.9321E-806

9.6603E-807

i

7

Delete

d

Append

Cancel -

Figure 5-7 Case 4g

w
1
w
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5.5. Case 5/

" Figures 5-8 to 5-14-show the results of importing RS data with units conversion.
Figures verifies that SPECTRA has correctly converted the data to the natrve .units of Hertz and G.

The |mported data is stored as records 1t to 17 in SPQA2V0

x-Units:rad/sec; .

y-Units:G

3
16  0.0100
0.2 0.1
1 1.000
2 2.325.
3 4.551
‘4,2 7.558
5.25 8.947-
6.25 10.00
8.5 12.53

10 13.24
12 1453 -

- .14 12.51
17 10.27
25 - 9.064 .-
28 6.816
317 6.436 .

. 34 5.327

' Listing of file _
RS002.RS

Ent

y.

No.
1
.2
3

O W N

18 1.90699E+600 1.4530E+001 -
11

+12
13
14
18
16

RS vs Freq
Damping: 8.01

Freg |/s
3.1831E-802 1 G000E-001

1.5915E-001 “1.6680E+000

3.1831E-081 2.32508E+000
4.7746E-661 4.5510E+000
6.6845E-801 7.5580€+0800
8.3556E-881 8.94708E+060

9.9472E-001 1.0080E+001
1.3528E+000 1.2530E+001
1.5915E+800 1.3246E+001

2.2282E+600 1.2510GE+001

2.7056E+608 1.0210E+001.

3.9789E+000 9.0640E+000
4.4563E+008 6.8168E+000
4.9338E+800 6.4369E+000

Evg:rl( Duratlon:

- Prob. of Exceed:

Damping Ratios

S.4113E+800 5.3270E+000

. Figure 5-8 Case 5a

Inspection of the
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1 i 24
16 -~ .0.0100 Ent . -
02 01 RS vs Freq Event Dura(lon.l@ l
1 . 1‘.600' No. F'l_)eanping: ﬂ'ﬂ;s . Prob. of Exceed:
2 2325 23 3250E-003 3 kaoaE. 000 Damping Ratios ‘
3 aser || e e
4.2 7.558 6 3 N20E_00s 1.2510E+001
5.25 8.947 7 8.3333E-002 1.4530E+001 '
6.25 1000 || 3 Iemmmeraw 1-tzue-de
85 1253 ||t HiE Cmee (o |
10 - 13.24 || 12 2.3816c-081 7.5580€+000
13 3.3333E-601 4.5510E+00
:i 1;2? 14 5.0008E-601 z.azsm-:«oog
. 15 1.8G00E+690 1.8886E+0C0E
17 10.21 16 5.0808E+000 i (4ve_row | [ox ][ cancer |
25  9.064 -
28 6.816 '
31 6.436
34 5.327

Listing of file
RS002.RS

x-Units:sec, y-

Units:G '
Figure 5-9 Case 5b
1 Dati
. E : \ .

16 0 20.81100 nt v FreT Event Durallon. .
1 1.000 Mo reaq ot 00 - Prob. of Exceed:[os ]
2 2.325 2'5-0000- 888 3231335:32:5. Damping Ratios -~ - |.
3 4.551 3 2.0000€+000 2.3708E-004 _m |
4.2 7.558 : ilgggg.ggg '7‘2?'&%5-33:‘. : :

- 6 5.2500E+000 9.1234E-004 :
5.25 8.947 7 6.2500E+008 1.01976-003
6 25 10-00 8 8.5000E+608 1.2777E-063 :
5 1253 1 12000001 1.uaTE-003 ° | |
To 154 || 3 v =
-13. 12 1. +001 1.0411E-863 - .
121453 | I e
: ~1006E+001 6.5629E-004
17 10’21 1o 3oio00c- 001 5-aazeE-00k Looproe ] [ OKJ. [_cancet ]|
25 9.064 '
28 6.816
31 6.436
-34 5.327

Listing of file

. RS002.RS

x-Units:Hz, y-
Units:mm/sec

Figure 5-10 Case 5¢
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1

16 0.0100 - 75 Vs Freg ‘Event Duraﬂon:[:’
0.2 0.1 1 h
1 1.000 l‘«:.1'1 n:g;g oo Prob. of Exceed:_m
i) =001 N -
2 2.325 2 1.080CE+0600 1.0197E-008 Damplng Ratios :
3 4ost r 3 o000- 006 +-enore—ots
. . S 4.2880E+008 7.7070E-003
525 8047 || e v Coaee ]
6 25 10 00 N 8 8.5000E+8060 1.2777E-602 . :
8.5 .12.63 || 16 1.20006-001 1. 43166007, e ]
10 1324 || 3§ tameen czsreon ' |
12 1453 || RImEesires -
141281 | % e O | o] ok ] Comen ]|
25  9.064 - - '
28 6.816
31 6.436
34 5.327
‘Listing of file
~ RS002.RS
. x-Units:Hz, y-
Units:cm/sec? .
- Figure 5-11 Case 5d
1
16 0.0100 .
o _0-2 o1 B oa“:pi“nsgf";qm - Event Durallonj
1 1.000 Mo. _Freq RS Prob. of Exceed:[0.5 |
2 2325 || I men ounpng Fatos
. 3.2.0080E+00868 2.370SE-001
3. 4.551 5 a.uuawoau.u.euggz-um : ‘
: . 1.2000E+800 7.707CE-00 :
g';s ;gig : s.gszgfugu 9.33135—001
. . 7 6.2560E+008 1.6197E+008 |
6 25 10 00 8 0.§15100E0008 1.2777€E+0800 - ,
«£9 1Y 9 1.008BE+601 1.3581E+000
oo e || R R e
B f 12 1.7600E+ .G411E+0300 ’
12 1453 || 13 2z oo
I e 14 2.8800E+ . -801 .
141281 |3 s Sess | ] (o] (o] |
25 9.064 ' \
28 6.816
31 '6.436
.- 34 5.327
Listing of file
RS002.RS

x-Units:Hz, y-

Units:m/sec? '

-~ Figure 5-12 Case 5e.
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Listing of file
RSOOZ.RS

A . |. X-Units:Hz, y-

e : Units:ft/secz-

16 0.0100 Ent Event Duration:
0.2 0. T
é 11000 | L e e e Poboeectfiy 1
o ' 2 2.325 2 1oawszognn 2:5020;:.-003 Dampling Ratias :
A ~0000E+808 &.8219E-003 insen |
3 4.551 _ A g.-oanuemuu.nnars-ooz . - ‘
] 4.2 7.568 '§ 5. 2501E- 000 231736002
5.25 8.947 7 6.2500E+808 2.5901E-002
6.25 10.00 8 8.50800E+000 3.2454E-002
, A 9 1.6080E+001 3.4293€-802
. 8.5 12.53 10 1.2080E+001 3.76345E-802 [evRe |
| 10 13.24 || 12 i7o0uc.o0t 2 ouase-oez
b 12 14.53 13 2.5000E+081 2.3476E-062 -
. 14 2.8080E+681 1.7654E-062
}; }gg: :: g:lggg:gg} ::g%%:gg I App_row I | oK . ” (?ancel I
25 9.064 - |
28 . 6.816
" 31 6.436
34 5.327
‘ Listing of file
: RS002.RS
g x-Units:Hz, yé-
: Units:in/sec
) o Figure 5-13 Case 5f
' ‘ 1 i 2 uly i
R .16 o 20.8_1100 | ] I Event Duration:[[l |
ai . : ‘ Damping: 8.01 i ' __
.1 1,000 "°'1 2.1609E-083 o B
e ‘ -2 2.325 2 1.6000E+000 3.1B881E-002 Damping Ratios i
S| s eser || e s
| 4.2 7.558 6 5.25006-000 7.7009E-001
. 5.25 8.947 7 6.2500€+800 3.1081€-081
| 6.25 10.00 || 8 s:sasseomm 2 ssme oo
85 1253 || 11 i:isouEeont 3assse-om [ome ]
Pe 10 13.24 12 1.7000€¢001 3.1738E- 001 :
- 13 2.5600£+601 2.8172E-061 .
o 12 14.53 1 g'.aouaz’em 2.1185€-881 . :
] s ] EEER IR ) o] (e
‘» , 25 9.064
28 6.816
31 6.436
34" 5.327

Figure 5-14 Case 5g

5-9
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5.6.Case 6.

Flgureé 5-15 to 5-19 show the results of lmp6rt|ng TH'data' with uhlts conversion. Inspectnon of “
. the Figures verifies that SPECTRA has correctly converted the data to the native unlts seconds and
G. The lmported data is stored as records 18 to 22 in SPQA2V0 R

17 0.01-

0.0
0.25 o
- 0.50 Time Hlst:ory. Deltq‘t.
~'0.75 No. ~ Accel. ! :
. 1.00 gl 0.B000E+800
075 2 2.5493E-005
0.50 3 5.0986E-005
0.25 4 7.6479E-00S
0.5 6 7.6479E-005
050" 7. 5.0986E-005 -
: 8 2.5493E-005
-0.75 9 0.00Q0E+000
-1.0 10-2.5493E~085
'g-;g 11-5.8986E- 805 : L
-0.50 12-7 .6479E-885
-0.25 13-1.6197E-004 [E
0.0 . 14-7 .6479E-005 : )
' ' 15-5.0986E- 005 I Detete || OK
Listing of file. - 16-2.5493E-005 : :
THOOT TH 17 0.8000E+000 lf"“"f"d [ Cancel
x-Units:sec, y- - -
Units:mm/sec”2

Figure 5-15 Cvase 6a
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17-0.01 .

0.0
0.25
0.50"
0.75
1.00
0.75
0.50
0.26 .
0.00
-0.25
-0.50
-0.75
-1.0
-0.75
-0.50 .
-0.25

00

Listing of file
THOO1.TH
x-Units:sec, y-
" Units:cm/sec”2

Ent:

Time History ]

HNHo. Accel.

2 .5493E-004
5.0986E-004
7.6479E-004
1.0197E-003
7.6479E-004

2.5493E-004
A 0.808080E+0080
18-2.5493E-0064
11-5.0986E-0064

SO~ ;N

" 12-7 .6479E-004 .

13-1.0197E-063

14-7.6479E-004 -

15-5.8986E-004

16-2.5493E-0804
17 0.0000E+0006

gl 0.09006E+ 8008

5.0986E-004 .

Delta t:

I Insert

o]

'[‘ Delete

T [Append

17 0.01
- 0.0
0.25
0.50
0.75
1.00 ..
0.75
0.50
0.25
0.00
-0.25
-0.50
-0.75
-1.0
-0.75
-0.50
-0.25
0.0
Listing of file
THOO1.TH
~ x-Units:sec, y-
Units:m/sec™2

_Figure_ 5-16 Case 6b

Time History

.No. Accel.

k! O0.0008E+000

2 2.5493E-002
3 5.08986E-002

4 7.6479E-002
1.6197E-861
7.6479E-002

5 .0986E-002
'2.5493E-0062
0.08606E+00B0
16-2.5493E-862

L-0--B - |

11-5.0986E~-0802
.. 12-7.6479E~-002

13-1.6197E-001
14~-7.6479E-002
15-5.08986€E-802
16-2 .5493€E-862
17 6.06006E+0G0

I In;én‘ ;

[ Dglete '

 "|‘Append

, Cancel I

Figure '5-17. Case 6¢

5-11
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17 0.01
0.0
0.25
0.50
0.75
1.00
0.75
0.50
0.25
'0.00
-0.25
-0.50
-0.75
.- =10
-0.75
-0.50
-0.25
0.0
Listing of file
" THOO1.TH -
x-Units:sec, y-
Units:in/sec”2

Ent:

Time History
No. Accel. ‘
B O.8000E+ 860

2 6.4752E-004
"3 1.2950E-003
4 1.9426E-0063

S 2.5981E-003

6 1.9426E-003
7 1.2950E-003

8 6.4752E-004

9 0.0000E+008
10-6.4752E-004
11-1.2950E-003
12-1.9426E-003
13-2.5901E~-003
"14-1.9426E-003
15-1.2950E-003
16-6 .4752E-004
17 6.0006E+006

I Insert

Delete oK
I

Append _Cancel

Delta t [WH__ ]

Figure 5-

17 0.01
0.0
0.25
0.50
0.75
1.00
- 0.75
0.50 .
0.25
+ 0.00
-0.25
.. =0.560
- -0.75
-1.0
-0.75
-0.50
-0.25
0.0
Listing of file
THOQ1.TH
x-Units:sec, y-
.. Units:ft/sec™2

Ent:{

Time History
No.. Accel. =
8 0.08000E+ 0008
7.7702E-003
1.5540E-002
2.3311E-8062 -
3.1081E-6062
2.3311E-002
. 1.55408E-002 . .
7.7702E-003
- 0.0000E+000.
16-7.7702E-003
11*1.55&0E—002'
12-2.3311E-0062
13-3.1081E-08062
14-2.3311E-6802
15-1.5540E-0062
16-7 .77082E-6803
17 06.00680E+@00

OO NV N

|'> In;seﬁ 1

18‘Case6d

|'Detete || ok |

, Append'” Cancel I

Detta t

5412
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5.7. Case 7 PS to RS Conversion

: Case 7a.-

As dlscussed in Sectlon 4.3.7, a PS to RS conversion is made on the record shown in Figure 4-9.
The following parameters are used for the conversion.: :

Damping Ratio = 0.05

Event Duration = 15

Prob. of Exceedance = 0.15"

‘Frequenues SPECTRA Defauit frequencues

The RS curve that is obtained is shown plotted along wnth the orlgmal 5% NRC160 damping curve
in Figure 5-20. ‘The plot shows good agreement between the two curves except at the higher end
of the frequency scale. This is due to the fact that the NRC160 spectra have sharp slope
discontinuities and as such no PS distribution with a finite frequency band can reproduce the RS

. values exactly.

Figure 5-21 compares results of a PS to RS cane‘?é‘;on using SPECTRA with those obtained using_

- the EDASP program. Because of the similarity between the two programs, , close agreement is
, Aexpected Inspection of Figure 5-21 venfles thls .

Add Delete Show
3.1300
G—
LIN[
0.2853 | 11||1'|.| I RN L1 | ‘ o :
' 0.2000 - LOG Hz ~ 34.0000 |

Figure 5-20
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Add Delete Show -
3.1144
G—-
LIN[™
0.2053 Lo tiatl 7 L1 3 i11l [
~ 0.2000 . LOG Hz 34.0000

Figure 5-21

Case 7b

Figurg 5-22 shows the RS values calculated using SPECTRA and EDASP. A visual inspection

two programs, close agreement is expected. Inspection of Figure 5-22 verifies this.

are |

dd. Delete .. Show
30.0809
G prwe
LIN[
0.1961 1 1 IR 1 I ] ]
0.2000 - ~LIN Hz ' 34.0000

Figure 5-22 .

- shows agreement between EDASP and SPECTRA results. Because of the similarity between the

5-14
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' 5.8. Case 8 RS to PS Conversion

Case 8a

The RS to PS conversion is made from the record. descrlbed in Flgure 4-8. The parameters used for
the conversion are as follows:

Prob. of Exceedance = 0.15

Excitation Duration =15 seconds

Frequencies : SPECTRA default frequencies for RS to PS conversion.
lteration Cycles = 5 . :

Figure 5-23 comp'aree the SPECTRA and EDASP results for the RS to PS conversion. A visual
cemparison of-Figure 5-23 shows good agreement between SPECTRA and EDASP resuits.

=3

Rs to Ps Conversion:Case 8a
2.50E-03 7.
_2.90E—03 T Spectra
‘:‘7~ 150803 1 \ | Edasp
o
d 1.00603 1
5.00E-04 T
0.00E+ 00 = !
-1.00E+ 4.00E+ 0 9.00E+ 0 1.40E+0 1.90E+.0 240E+0 2.90E+ 0 3.40E+ 0
- 00 0 0 1 1 1 1 1
' " Frequency (Hz.)
' Vo Flgure 5-23
Case 8b :

Flgure 5-24 compares the SPECTRA and EDASP results of a RS. to PS conversion. Visual inspection
shows agreement between EDASP and SPECTRA results.
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8.00E-01
. 7.00E-01
6.00E-01
5.00E-01
4.00E-01
3.00E01
' 2.00E-01. |
1.00E-01
0.00E+ 00 - —+- ' : = - : :
' 0.00E 5.00E 1.00E 1.50E 2.00E 2:50E 3.00E 3.50E

400 400 401 +01 +01  +01 +01 +01

Psd, GA2lHz

" Frequency (Hz)

Figure 5-24 '
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| 5.9. Case 9 TH to PS Conversion
Case 9a

The TH to PS conversron is Used on the record described in Flgure 4- .20. The frequency spacmg
used is 0.5Hz.. The resultlng PS is shown in Frgure 5-25. ’ :

The results of using the Subroutmes descrrbed in Reference 8 to obtaln PS from the TH stored in
file DUKE.TH are shown in Figure 5- 26. The results are rnv agreement

0.0003 — AT
62
LN

i | 0.0000 D=7 111 Lol RNt AN
- § 0.0043 - LOG  Hz 49.5000

Figure 5-25

(
0.0003[
G2
LN [
- 0.0000 Dt rl‘rrluul 1 rlurul PR 111
: 0.0049 - oG- Hz - . 49.5000
- Figure 5-26

Case 9b’

Frgure 5 27 shows a partial lrst and Flgure 5-28 a plot of the PS data obtained usrng SPECTRA and
stored in the record shown in Flgure 4 22 :

Inspectlon the frgures indicates that the PS is concentrated at 10Hz with a small leak:age to‘nearby
frequencies. Adding the PS values at frequencies 9.75,9.875,10.0,10.125,10.25 we get a total of
0.495177G2, which is close to the theoretrcal value of 0.5G2, for a srne wave with an amplitude of
1G

5-17



. SPECTRA v 2.0 Quality Assurance Manual

QA Verification

Copy Print

9 6.94661e-005
9.125 9.12855e-005
.. 9.25 0.000126188- .
9375 10.000182875.
95 . - 0.000286222
© 9.625 © 0.000506627
9.75
9.875 0.0047744
10 0.472636
10.125 0.0147878
10.25 0.00185186
10.375 0.000747204 -
10.5 0.000404954
10.625 0.00025404 ©
10.75 0.000175034-
10.875 0.000129074
1 9.90927e-005

000112717~ [&

=

Figure 5-27

: PS Plot
Qutput ' '

. 4.7264E-001[C i

a2f |
- ]
) LINC i , .
0.0000E+000 | | i ] | I 1
~ 0.0000E4000 LIN. Hz 3.3875E+001

Figure 5-28
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5.10. Case 10 PS to TH Conversion
Case 10a

The Original PS is stored in the record described in Flgure 4-24 and is shown plotted in Figure 5-29. -
it represents the PS assocnated with the TH stored in the file DUKE.TH. '

The Calculated PS'is shown in Figure 5-30. It is obtained by usmg the TH to PS conversion on the
record shown in Figure 4-25.. The TH data in the record of Figure 4-25 is a resultof a PSto TH
conversion on the data shown in Figure 5-29. A comparison. of: Flgure 5 29 and 5-30 shows that ..
Original PS matches Calculated PS. '
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Figure 5-29
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» ) \
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' 0.0049 LOG - Hz C 49.5008

Figure 5-30

' Case 10b

A partial plot of the TH data obtained from a PS to TH conversion on the record shown in Figure 4-

* 26 is shown in Figure 5-31. The 1 second TH data shows 10 peaks, indicating that the TH has a

dominant 10Hz frequency component. Due to identified magnitude errors and the randomly

selected phase angles in a PS to TH conversion, we do not get back a pure sine wave.
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/5.11.Case 11 TH to RS Conversion -

Case 11a

Figure 5-32 shows the RS plot for the TH stored in the record described in Figure 4-28. This RS is
obtained using the SPECTRA TH to RS module with a damping ratio of 0.05. The RS data is also
stored in the record shown |n Flgure 4-28 (as calculated data). '

Figure 5-33 compares the RS obtalned from SPECTRA wrth that obtained using EDASP . A linear
y-scale is used in the plot to magnify any differences between the RS obtained using SPECTRA and
that obtained using EDASP. The plot shows good agreement between the two curves.

RS Plot

Qutput
9.0915E+000 F ' ' P AL
- \
af - o
/"/\\/ ) ‘
LoGE ./~ ' |
46167E0012" 1 1 111111 el L1
2.0000E-001 'LOG Hz 3.4000E+001
Figure 5-32 ’
y n
Th to Rs: Case 11b
1.00E+ 01 Spectra
8.00E+ 00
O 6.00E+ 00 TToes
& 4.00E+ 00
2.00E+ 00 _ :
0.00E+ 00 : : l
1.00E-01 B 1.00E+ 00 o 1.00E+ 01 1.00E+ 02
Frequency (Hz) : !
Figure 5-33
Case 11b

Equation (4.2) predicts steady state response, and does not include the transient effects.
SPECTRA computes the actual maximum response, including the transient part, and hence should
predicts higher RS values. :

The excitation is a 10Hz sine wave so the transient effects will be small at 10Hz, and larger at
other frequencies. = When damping is higher, the transients decay faster and a better agreement is

5-21
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o . Usrng (4.2) for 5% damplng and A;=1.0, a response value of 10. 05 G is obtalned for r=1 O An
| ~ .. equivalent value from the listing of the TH to RS conversion in Figure 5-34 is 9.31 G (at f= 10 Hz)
I o The 7% difference is marnly due to dlscretlzatlon i.e., the input TH a is only a piece-wise linear
1 C approximation of a sme wave and the peak response value is not. likely to be captured at response ,

points.
|
o : Qopy Print .
- o 95 . 6.735%
10 931244
. 105 '7.34216
‘ , - . n 5.59614
L ' | 115 4537152
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- 31 o 1.30841 -
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Frgure 5-34

. 5.12. Case 1_2 RS to TH Conversion

Figure 5-35 shows a plot of RS original along with the RS that corresponds to the resulting TH.
. The original and calculated RS curves are stored in the record described in Figure 4-31. The plot
shows the RS corresponding to the output TH generally matches the original RS. -
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=

o 5 13. Case 13 8roademng RS

Case 13 is verlfled by inspection. The calculated RS shown plotted wnth the onglnal RS in Flgures

© 4-34, 4- 36 and 4-38 verlfles the correct operatlon of the broadening function.

- 8. 14 ‘Case 14 Envelopmg RS

-Case 14 is verlfled by mspectlon The calculated RS shown plotted in Flgure 4-40 envelopes the

curves in 4- 39

5.15. Case 15 Copy List Data to the Clipboard

Case 15 (a, b and c) is verified by inspection. The Ps List data stored in the record identified in Figure 4- 9
and shown in Figure 4-42 matches that copied to the Clipboard as shown in Figure 4-43. The ThList data
stored in the record identified in Figure 4-5 and shown in Figure 4-44 matches that copied to the Clipboard

_as shown in Figure 4-45. The Rs List data stored in the record identified in Figure 4-17 and shown in

Figure 4-46 has an X-axis tolerance of 0.15 Hz applied to it before being copied to the Clipboard as shown
in figure 4-47. Visual inspection of the Rs List copy and x-axis tolerance operat|on shows |t to be
acceptable

- 5.16. Case 16 Custom Formattmg in EasyPIot

'Case 16 is verified by |nspect|on The selected Rs data and plot formatting requirements as descrlbed in

4.3.16 manlfest themselves acceptably as shown in Figure 4-49.

w

T .
o
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Paul Smith = - SRR " President -
.- - R ‘ - The Readiness Operation, Inc.

- Educatidn

Umversnty of Cahforma PhD in Civil/Structural Engmeermg, 1971 ‘
Lehigh University - ‘Master of Science in Civil/Structural Engineering; 1964
Umversnty of Akron - Bachelor of Science i in le Engmeermg, 1962

' Llcenses and Regnstratlons
le Engmeer Callforma C 24377
Professnonal Hnstory

- The. Readlness Operatnon inc, Oakland, Cahforma Presndent 1989 to present
~ - EQE, San Francisco, California - Senior VP, Board of Directors, 1984 - 1989
' Lawrence Livermore National Laboratory, Livermore, California - Associate
- ‘Program Leader for Seismic and Structural Safety, 1976 - 1984 :
EDS Nuclear (Impell), San Francisco, California - Supervising Engineer, 1974 - 1976
" Auburn University, Alabama - Assistant Professor of Civil Engineering. 1971 - 1974
* ‘Marshall Spaceflight Center, Huntsville, Alabama - NASA-ASCE Fellow, 1972
University of California, Berkeley - Teachmg and Research Assistant, 1967 - 1971
Bechtel, San Francisco, Callforma Civil/Structural Engineer, 1967
US Army, Fort Belvoir, Virginia - Engineering Officer, 1965 - 1967
Shell Oil, New Orleans, Louisiana - Civil/Structural Engineer, 1964-1965
- Bethlehem Steel, Bethlehem, Pennsylvania - Civil/Strnctural Engineer, 1963
‘Burger Iron, Akron, Ohio - Structural Steel Designer/Drafter, 1952 - 1962

| Experience

, Dr Smith has over 40 years of experlence in earthquake and structural engmeermg o
and in university teaching. He has managed large teams of research and design engineers
on projects ranging from nuclear power plants to industrial, commercial, and public facili-
~ ties. In recent years, he has developed a number of seismic training courses.
- Dr Smith is currently performing Peer Reviews for USI A46 and the [IPEEE for O
Florida Power and Light, Philadelphia Electric, and Wisconsin Public Service; participat-
-ing in the implementation of the Seismic IPEEE for Cleveland Electric Illummatmg and
. New York Power Authority, leading the development of a plant specific A46 and Seismic
IPEEE program for Florida Power Corp, and consulting on A46 and the Seismic IPEEE
- for Public Service Electric & Gas of NJ, Virginia Power, and Yankee Atomic. Dr Smith
- was an invited participant in the 1991 Workshop on Seismic Analysts of Gaseous Diffu-
- sion Plant Structures in Paducah.
. Dr Smith also organized a national workshop on the Seismic IPEEE, and has-been
‘the primary advocate of s1mphfymg and reducmg the costs of 1mplementatlon of both A46 '
-and the Seismic IPEEE. ‘
- - In nuclear research, Dr Smith is best known as the developer and manager of NR-
" C’s Seismic Safety Margins Research Program (SSMRP). The SSMRP completed the

- .seismic probabilistic risk analysis (PRA) efforts NRC began in the Reactor Safety Study,

- and developed Seismic PRA technology for the Seismic IPEEE. Dr Smith also initiated
“two well-known spm-oﬁ's from the SSMRP: (1) the Load Combination Program (which
- led the NRC to revise piping. criteria and adopt the leak before break phllosophy) and (2).

" The Readlness Operatlon .




. /1979 and 1982, Korea in 1982 Europe in 1979 and 1983 and Taiwan in 1984

: the Sersmrc Hazard Characterization of the Eastern Umted States Program (to develop a

more stablé estimate of the earthquake hazard to benefit both NRC and the industry)
which developed seismic hazard technology for Seismic PRAs for the Seismic IPEEE. -
Dr Smith also suggested that NRC consider a seismic margin approach as an- alter-

" native to seismic PRAs, and then managed NRC’s Seismic Design Margin Program (which

- developed NRC’s Seismic Margin method for the Seismic IPEEE), after which the Elec-"
tric Power Research Institute developed its method for Seismic Margin Assessments.

Prior to the SSMRP, Dr Smith participated in a number of NRC sponsored studies B

of seismic design margins. He has been at the forefront of assessing seismic margln and
developing improved criteria for seismic design for some time. ‘

- Dr Smith also supervised efforts on the seismic, tornado, and humcane analysis of
the mooring system and breakwater for the Atlantrc Generatmg Statron (the ﬂoatmg nu-

“-clear power plant). - -
' Dr Smith is one of the founders of usmg data from past earthquakes to address

,'NRC Unresolved Safety Issue A46: Seismic Qualification of Equipment in Oper- a

ating Plants. His NUREG/CR-3017 was a key step in helping NRC issue its first writ-

. ten recognition (12/28/82) of the feasibility of using these data for A46 and for the seismic

- veriflcation of equipment. In his flve years at EQE, he was a consultant to the Seismic
- Qualification Utility Group on A46, and initiated inany other applications of this new
technology; for example, cable tray, conduit and piping systems, tanks, anchorage, and

cranes, and is identified as one of the key contributors to SQUG’s Generic Implementation .. '

Procedure. He helped develop and present training programs on SQUG/GIP technology, -
and is currently helping SQUG develop its training program for Replacement Items and
- Design Changes. As EQE’s SQUG Program Manager, he personally convinced the
- “SQUG Steering Group to accept the conduit/cable tray approach that was ultimately li- -
- censed, flnalized development of SQUG's conduit/cable tray- methodology, and obtained .
SSRAP and NRC approval of it. Recently (April 1993), Dr Smith was appointed to the
. ASME QME and IEEE Standards Specral Workrng Group on the Standardlzatron of
- SQUG Methodology. '
Dr Smith has attended the SQUG Seismic Capabrhty Engmeer training course.
Dr Smith is one of the key developers of EPRI NP-6628: Procedure for Seismic

- Evaluation and Design of Small Bore Ptpmg (NCIG-14), which used earthquake experi-.

ence data to justify a “design by rule” approach for piping. NRC is reviewing it now.
In the non-nuclear area, Dr.Smith has varied experlence in the structural desrgn of

burldmgs bridges, and offshore structures. :

_ -Dr Smith has represented the US Government at a number of seminars and ex-

" changes on earthquake engineering, mcludnng NRC scientific exchanges with Japan in

»Selected Publlcatlons .

L - - Publisher and Editor of the’ Earthquake Safety & Llcenslng Reports'“ A monthly
. newsletter on (nuclear) industry earthquake safety, ISSN 1045-7895. - - -.
2. . Seismic Qualification Using Earthquake Experience Data, Nuclear News June 1989.
3. . Correlation of Seismic Experience Data in Non-Nuclear Facilities with Selsmlc Equment

' ‘Qualzﬁcatzon in Nuclear Plants (A-46), prepared for the U.S. Nuclear Regulatory Commis- -

: sion by Lawrence Liverniore National Laboratory, NUREG/CR-3017, Nov. 1982.

4. . SQUG Cable Tray and Conduit Evaluation Procedure, Second Symposium on Cur-
' rentlIssues Related to Nuclear Power Plant Structures, Equlpment and Plp-
. ing, Orlando, December 1989. R
 S.. _Procedure for Seismic Evaluatzon and Deszgn of Small Bore Plpmg Developed by

- © EPRINCIG, Third Symposium on Current Issues Related to Nuclear Power .
Plant Structures, Equipment and Piping, Orlando, December 1990.

) 6 ) Sezsmszargms in Piping Systems, in Proceedings, 1990 Pressure VeSseI And Plp-~ '

lng Conference Amencan Socnety of Mechamcal Engmeers Nashvﬂle 1990

- The Readines_s Operatio_'n*’-.



© on-site COl.ll' s€.

7.  Recommended Pxpmg Sezsmzc-Adequaqy Criteria Based on Performance During and After ‘
.- Earthquakes, EPRI NP-5617 prepared for Electric Power Research Institute, 12/88.

8. Independent Seismic Walkdown Review Team (ISWRT) Critique of SRS SQUG Type Seis- .

- mic Program for Restart of K-Reactor at the Savannah River Site, prepared by ISWRT for
~ the US Department of Energy, February and April 1990.

9.  Dr Smith is one of the siguificant contributors identified by SQUG for their Generic Imple-
-~ mentation Procedure (GIP) for Seismic Verification of Nuclear Plant Equ:pment Selsmlc

~Qualification Utility Group (SQUG), February 14, 1992,

10. Towards Future Antiseismic Criteria for Nuclear Plant Pzpmg Systems pubhshed in ASME

‘Special Publication: Technology for the 90s.
11. * Peer Review for USI A46 and the Seismic IPE, ASME PVP 1993.

" Trammg Courses Developed or Presented

- “Overwew of Seismic IPE and USI A-46.” Developed-and presented with Programmatxc
‘Solutlons One day course presented in open enrollment sessions.

 “Training for Engmeers and Designers in SQUG Methods.” Developed and presented ‘
with Programmatlc Solutnons Two day course presented on-site and in open enrollment.

“Uslng SQUG Methoais for Modi f ications and Replacements ” Developed and presented
with Programmatlc Solutnons Two day course. presented on-sxte and in open enrollment

_ “On-Stte 0verv1ew of SQUG Methods and 771e1r Use Jor] Mod ﬁcatton and Replace-
ments.” Developed and presented with Programmatic Solutlons Three hour on-sxte
overview course for management presented on-site. '

“Basic Sezsmzc Engineering.” Developed and presented with Programmatlc Solutlons
Two day course presented on-site and in open enrollment :

‘ “Setsmzc IPE Workshop ” Developed and presented with Programmatxc Solutlons Two
day workshop presented in open enrollment

““Seismic Awareness i raining,” Developed with Programmatlc Solutions. Three hour
“Earthquake Awareness T rammg, Developed with Programmatxc Solutlons Three- |
~ hour on-sxte course: :
o “SQUG Methoais for European Reactors,” Developed w1th Programmatlc Solutlons and
. hosted by CKTI VIBROSEISM. Two day course presented in St Petersburg, Russ:a in
September 1993.
“Roundtable Workshops 7 Developed with Programmatxc Solutions. Workshop #l was-

held May 24, 1993 in the Newark, New Jersey area. The topic was: Managlng Your
- Seismic IPE and USI A46 Programs '

" . The Readiness Operation
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" December 5, 1996

' The Readiness Operation

When you need someone to count on.

1130010 | ‘
Mr Walter Djordjevic
Vice President
Stevenson and Associates
10 State St
: . Woburn, MA 01801-6820
Dear Wally: _

Re: Review of Kewaunee A46 Project Responding to NRC RAI

In accord'witﬁ the October 8, 1996 letter from Greg Ridder, the proposal in my
October 15, 1996 letter to you, and your October 31, 1996 letter to me, my review on
the captioned project follows. : '

1. Section 1.2 of the A46 Summary Report contains the following:

‘Separate, but related issues pertaining to methods of analysis for above-ground
flexible tanks identified in USI A-40, “Seismic Design Criteria [4], and seismic adequacy of
proximity items above and around important-to-safety equipment identified in USI A-17 [5]

are explicitly addressed aﬁd.resolved by implementation of the GIP.” -

I assume this is.not intended to imply that proximity issues were evaluated for all
important-to-safety equipinent identified in USI A-17. ‘Instead, I believe the intent is to
note that séismic',p_roximity issues were evaluated for the A46 SSEL equipment.

In addition to the above, note that cable raceways were also added to NRC’s
original scope of A46. This was 1nostly to resolve some SEP issues.

- 2. Section 1.2 of the A46 Su1hmary Report contains the following:

“By meeting seismic demand criteria, selected caveats to ensure similarity,...”

* The more imerfant function of caveats is “dissimilarity” not sitnilarity. Many ca-
veats identify equipment features that experience and judgment suggest are undesirable.

- Ensuring these features do not exist gives added confidence equipment will perform as
intended during or after an earthquake. This is'a key aspect of the experience approach.

3. Section1.2 of the A46 Summary Report contains the‘folloWing:

_ “Any deficiencies are documented on an Outlier Seismic Verification Shéets(s)
(0svs)” - | ‘

- 3871 Piedmont Ave Oakland, CA 94611-5351 Voice:(510)547-0594 Modem:(510)547-0598 Fax:(510)547-0920

Pragﬁéal. C;o:st-worth.)/, and Safety-effective Consulting on Earthquake Readiness



Mr Walter Djbrdjevic N
December 5, 1996
S Page 20f5

'As noted 1ater in the Re ort an “outlter” is ot necessanl a “de cten ’in the
P _ Y

sense that a modlﬁcatlon is required.

4. Section 2.2.1 of the. A46 Suminary Report contains the following:

“Equipment items which appear in the safe shutdown paths, but do not requtre are-
view for either seismic adequacy or relay chatter ( Le lnherentl_y rugged equlpment or pas-

sive equtpment) were not identified.”

If this ineans itemns such _as a manually operated valve (that an operator needs to

- open-or close after an earthquake to achieve safe shutdown) were not walked down to
eensure they are not a seismic interaction source or target, then this needs to be explained.

and justified, in iny opinion (even though the Kewaunee position is apparently consistent

- with the GIP - see GIP Section‘3.3.5).

5.1 haven’t found anything in the Kewaunee information that suggests the fol-

o lowmg event (event #31279) is a issue at Kewaunee. However, I bring it to your atten-
“tion because seismic interaction is a key A46 issue and because this condition was re-

cently discovered at Susquehanna Comanche. Peak, Oyster Creek, Millstone, and South
Texas: :

"AT 1607 ON 11/5/96, IT WAS IDENTIFIED THAT THE UNIT 1 AND UNIT 2 CLASS
1E 4.16 kV WESTINGHOUSE SWITCHGEAR IS NOT SEISMICALLY QUALIFIED. WITH ANY
BREAKERS RACKED OUT AND INSTALLED IN THE CUBICLE OR RACKED INTO THE 'TEST' PO-
SITION. IN. ADDITION, WHEN THE BREAKERS ARE RACKED OUT AND LEFT WITHIN THE CU-
BICLE, THE SWITCHGEAR IS NOT OPERABLE. IT IS NORMAL OPERATING PRACTICE OF THE
PLANT TO HAVE BREAKERS IN THIS UNQUALIFIED POSITION DURING ALL OPERATING CON-
DITIONS. THIS REPRESENTS A CONDITION THAT IS OUTSIDE THE DESIGN BASIS OF THE
PLANT AND' THEREFORE REQUIRES A 1 HOUR NOTIFICATION PER 10 CFR
50.72(b) (1) (ii)(B).

A TOTAL OF 7 BREAKERS ON BOTH UNITS WERE IDENTIFIED TO BE IN AN UNQUALI-
FIED POSITION. FIVE OF THE SEVEN BREAKERS WERE SPARE BREAKERS AND THE OTHER
BREAKERS FED THE UNIT 2 MECHANICAL VACUUM PUMP AND THE UNIT 2 TURBINE BUILDING
CHILLER. THESE BREAKERS WERE IMMEDIATELY PLACED IN THE RACKED IN POSITION.

ALL INSTALLED 4.16 kV UNIT 1 AND UNIT 2 BREAKERS WERE INDEPENDENTLY VERIFIED
TO BE FULLY. RACKED IN."

6. The Screening Venﬁcatlon Data Sheets contain unclear nomenclature typically
when the equipinent item is more than 40 feet above plant grade. ' The entry for the
question “<40’?” is “N/A”, but “NO” seems more appropriate (this is how the GIP has it),
the entry for “Demand Spectra” is “ABS” (which, I assume refers to Amplified Bounding
Spectra, that is, 1.5 x Bounding Spectra), and the entry for “Demnand Spectra” is “CRS”
(which, I assume refers to Floor Response Spectra or FRS).
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7. Section 6 of the A46 Summary Report contains the following:"

“The refueling water storage tank (RWST) is a vertical tank which did not meet the
caveats; therefore, it was declared an outlier and was evaluated using the procedures of Ap-
pendix H - Flat Bottom Vertical Flutd Storage Tanks of EPRI Report NP-6041, Rev 1 [1 5] ”

Sectlon 6. 1 of the A46 Summary Report contams the followmg

“For vertical tanks,' Reference 15 provides gutdelmes for evaluatmg flat bottom verti-
cal tanks using the Conservative Deterministic Failure Margin (CDFM) analysis approach.”

The above does not conveythat the RWST is an unusual (possibly unique) vertical
tank. Nor does it explain why it does not meet the caveats. The tank is lightly anchored
at its base (the SEWS says there are 8 7/8 inch anchor bolts, the calculation says they.
are 1 inch bolts) and apparently braced with four braces (at 90 degrees) at the top and

 at three intermediate elevations (apparently, a total of 20 lateral braces above the base).
The braces are not rigidly connected, they have (apparently 1/8 inch) gaps. The tank is
‘about 70 feet tall and 26 feet in diameter, wh1ch means a relatlvely large aspect ratio of
70/26 ~ 3.

I found the- tank calculation hard to follow. = .

‘One calculation result is that the top of the tank w111 d1sp1ace laterally 1/8 inch
under a spectral acceleration of 0. 04g. This means.the 1/8 inch.gap at lateral supports -
will be closed in 0.04g spectral acceleration (and the calculatlon concludes the demand:
spectral acceleration will be much more than 0.04g in an SSE, for example, 0.26g or
more). Thus, in an SSE the supports will be called upon to laterally restrain the tank.
| Another calculation result is that the “bottom of the tank will buckle” at 0.04g
spectral acceleration demand (where the SSE demand is 0.26g or mnore). The calculation
assumes this buckling is acceptable, based on the following assumed behavior: “When the
tank base reaches its moment capacity (assuming the tank wall buckles), no additional
force will be generated at the compression side of tank wall from the view point of vertical
equilibrium condition. Additional horizontal seismic force will be transferred through its -
rings and lugs and bumper structures to its support structure.”

, I have the followmg observations about this: (1) Th1s behav10r is assumed
whereas the reality of the behavior after a buckle might be mnore complex and problem-
' atic, and (2) What is the justification for assuming. the acknowledged buckle does not
cause a leak at the tank bottom (the location where tanks' do leak in earthquakes and
‘which leaks evacuate the tanks surprisingly fast)? -

I recommend that the predicted behavior of the tank in an SSE be described in
words by the project staff, based on the calculation and other sources, and documented
(possibly the length of a typewritten page or so). This might bélong in Sectlon 5 of the
Report - see the followmg , .
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8. Section 6.1 of the A46 Sﬁmmary Report also contains the following:

“The screening evaluations described in this section for verifying the seismic adequacy
of tanks and heat exchangers which experience has shown can be vulnerable to seismic

loadings. These evaluations include the following features:

. Check that thé ."sheH of large, flat-bottom, vertical t&nks will not buék_le. '

The Seismic Capability Engineers, Mr. W. Djordjevic and Dr. R. P.-Kennedy, reviewed
these evaluations to verify that they meet the intent of these guidelines.”

Does this mean the Seismic Capability Engineers reviewed the calculation for the
RWST and, although shell buckling is predicted at a low level of shaking, agree that the
tank meets the intent of the guidelines? If so, then perhaps this should be documented
in Section 5 of the Report.. Are there aspects of the tank not discussed here that meet
the intent, but neither the GIP nor EPRI guidelines, that aren’t documented in Section 5?

9. The SEWS for Motor Control Center MCC52B contains the following:

. “Weak link is the ¥4” sélf-tap screws, per cabinet to base channel. GIP specijies'3/8”. '
Self-tap screws are adequate per S&A calc. # C-017.” -

‘The GIP specifies 3/8” - but only for MCCs evaluated using GERS. The Référence
Spectrum was used here, not GERS, so the 3/8” caveat does not apply. You might con- -

sider deleting reference to 3/8” to avoid a future misunderstanding. In addition, the cal-

culations do not clearly show that the screws are the weak link. This comment is gratui-
tous, and 1night also be removed. ' : o

-~ 10. Calculation C-017 for MCC52B assumes the MCC center of gravity is 26
inches above the floor, but the photo suggests the MCC has a normial lieight (about 90
inches) which would put the center of gravity at about 45 inches rather than 26 inches.
This should be checked, and the calculation revised if necessary. '

- In summary, ,th.e‘above commnents are based on my review of the following:

oo . USI A-46 SeismiéEvaluétion Report, Kewaunee Nuclear Power Plant, Wisconsin |
Public Service Corporation, Novemnber, 1995. ' '
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| ' ) . e OSVS: Rev 0 SEWS Rev O and Calculauon C 018dated 5/24/94 for Refuelmg
Lo Water Storage Tank. _ ,

¢ SEWS Rev O and Calculation C-017 Rev 0 dated 9/2/94 for MCC52B-

SEWS Rev 1 for MCC62J

o SEWS Rev 0 for BUSS2

OSVS Rev 0 and SEWS Rev 0 for RD106.

SEWS Rev 0 for BUS5

e Calculatlon C-008 Rev 0 (Cable Tray and Conduit Supports Limited Analytical
Review.

Sincerely, ~
The Readiness Operation, Inc

0 Pﬂ@m

Paul Smith
President
paul.srruth@trobb.com ‘

N Xc Greg Ridder
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RESHINSEMEER.REMIE!MCDMMENI&EROXIDEDMAHACHMEM

The following summary addresses the final peer review comments provided in Attachment IV,
The peer reviewer comments are summarized for ease of review.

Comment 1: Was the USI A-17 proximity issue evaluated for all important-to-safety equipment
or for USI A-46 equipment listed on the SSEL?

Response:

Proximity reviews were limited to the USI A-46 SSEL equipment, as
intended by the GIP.

a

Comment 2: Reviewer comment on semantics.

Response:

No réesponse necessary.

Comment 3: Reviewer comment on semantics.

Response:

No response necessary.

Comment 4: Reviewer requests justification for not walking down inherently rugged eqmpment
such as manually operated valves.

Response:

The GIP (Section 3.3.5) is explicit in stating that such valves do not need
to be walked down.

Comment 5: Reviewer noted a recent event reported at other nuclear plants regarding the
seismic qualification of 4160V breakers placed in the disconnect or test positions.

Response:

It is not normal operating practice at Kewaunee to place safety-related 4.16
kV breakers in the test or disconnect position for extended periods of time
during normal plant operations. The breakers are normally either racked
in or completely removed from the switchgear cubicle as necessary. In
general, the breakers are placed in the test or disconnect positions only
during plant shutdown or during surveillance testing when the entire
switchgear assembly is taken out-of-service. :

In addition, both the McGraw-Edison and Westinghouse 4.16 kV breakers
are positively restrained inside the switchgear cubicle by a rugged latching
mechanism when the breakers are placed in either the connect or test
positions. The latching mechanism can only be disengaged by the use of
a manual release lever. Therefore, placing the breakers in the test position
does not present a seismic interaction concern. '

GBNUCI N:AGROUPNUCLEAR\WPFILES\LIQGNRC\RAIUSL.WPD



Document Control Desk
December 20, 1996
Attachment V, Page 2

Comment 6: Explain the Screening Verification Data Sheets (SVDS) nomenclature.

Response: The nomenclature CRS (conservative, design in-structure response
spectrum) and ABS (1.5 times bounding spectrum) are standard GIP
nomenclature (see page 4-65 of GIP-2). The <40' question is answered
“N/A" (not applicable) when it is not applicable. So if the CRS is -
compared to the ABS for a particular equipment item, the so called 40 ft
rule does not apply and the question is answered N/A.

Comment 7: The reviewer requests a discussion of the evaluation of the refueling water storage
tank (RWST). In particular;

a)

b

c)
d)

Explain why the tank does not meet the caveats and why the tank
configuration is unusual,

SEWS state that the anchors are 7/8", the calculation states that
they are 1",

Provide a justification for assuming the tank buckle does not cause
a leak at the tank bottom.

Describe the predicted behavior of the tank.

Response: The response to the specific reviewer questions are as follows:

a)

b)

4

| The RWST does not meet the criteria of Section 7 of the GIP

because it is a braced tank with 16 lateral braces over the height.
The GIP method which calculates frequencies and responses based
on a free standing tank obv1ously would not apply. In addition, the
fluid height-to-tank radius ratio (H=69.5', R=13") exceeds the
upper end value of 5.0 given in Table 7-1 of the GIP. The fact that
the tank is braced along its height is not necessarily unusual for a 70
ft tall tank.

The anchors were field verified as 1" diameter anchors. Therefore
the calculation is correct.

The base of the tank reaches its buckling load (the so called
“elephant foot” buckling phenomenon) as stated, but the lateral
supports hold up the tank. The small gap (approximately 1/8")
between the lateral support brace arms and the support pad face
restricts tank movement, and very little non-elastic shortening can
occur at the base of the tank. The strain at the base of the tank shell
will be small, so a leak at the bottom is not credible.

The tank analysis is further described in the response to NRC
Question 5 in Attachment I.
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Comment 8: Did the seismic review team review the results of the RWST tank evaluation, and
are there other aspects of the tank not discussed in Section 6 of the Kewaunee
Summary Report that meet the intent, but not the GIP or EPRI guidelines?

Response: Yes, the seismic review team did review the results of the tank evaluation
and agree with the conclusions. The RWST did not meet the basic
assumptions of the GIP as stated and fully described in the response to
comment 7.

Comment 9:  The reviewer suggests that two SRT comments provided in the SEWS for MCC52B,
and a comment related to S&A calculation C-017, should be deleted.

Response: WPSC' will consider deleting or revising the comments as appropriate.
S&A calculation C-017 is no longer valid and was previously withdrawn
from the project record.

Comment 10: The vertical center of gravity used in calculation C-017 for MCC52B appears to be
in error.

Response: Calculation C-017 is no longer valid and was previously withdrawn from
the project record since it was originally performed to address an
assumption that was later determined to be erroneous. The S&A
calculation was never transmitted to WPSC and is not part of the permanent
project record.

"
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