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CRITERIA FOR COMBINATIONS OF EARTHQUAKE

AND/OR OTHER TRANSIENT RESPONSES'

N. M. Newmark D

hO jR. F. Kennedy .

i

2.1 FREAMBLE

!w

The intent of the methods proposed for combinations of transient, dynamic
|

.

responses is to achieve a nonexceedance probability of apprezimately 845 for
,

the peak combi.ned response of the system, component, or element considered.
This goal is achieved by compliance with any one of the following criteria, or
Ony alternative method that meets the intent stated above, provided that the
intensity of loads or accelerations for each input are conservatively repre-
sented (approximately at the level of the 84th percentile, or the mean plus
one standard deviation, of the expected input intensity).

2.2 CRITERION 1 .

'

Dynamic pr transient responses of structures, components, and equipment arising
from combinations of dynamic loading or actions may be combined by SRSS provided
that each of the dynamic inputs or responses has characteristics similar to
those of earthquake ground actions, and that the individual component inputs
can be considered to be relatively uncorrelated; i.e., the individual dynamic
inputs or responses considered are either from independent events or have

|This similarity involves a limited number of peaks of |randes peak phasing.
force or acceleration (not more than 5 exceeding 75% of the maximum, or not
more than 10 exceeding 60% of the maximus), with approximately zero mean and,

a total duration of strong action (i.e., exceeding 50% of the maximum) of 10
;

I seconds or less.
.

Since earthquake actions in various directions produce responsesExplanation.

which are combined conservatively by the use of 3RSS, the descriptions of dynamie.
The

or transient inputs are based on those applicable to earthquake actions.
coefficient of correlation for, these is less than 0.4, and the pattern of peaks

i

is based on Table 2 of Circular 672 of the U.S. Geological Survey describing
earthquake ground actions for use in the design of.the Alaska oil pipeline.
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The probability distribution for the. responses to earthquake motions is based
en the concepts underlying U.S. NRC Regulatory Guide 1.60, where the standard
d;viation is 30 to 40% of the median value.

$ .

It was proved some decades ago that sodal rcaponses to earthquake motions may
be conservatively combined by SRSS methods witti the same daIgree of conservatism

If each of such responses is censidered to be at the
as that of the motions.
level of mean plus one standard deviation, the SRSS value is also at this level. ~

For the same reasons, responses from the three component directions of earthquake
actions may also be conservatively ceabined by SRSS nothods.

23 CRITERION 2

When response time histories are available for all sultiple dynamic loadings
being combined, SRSS methods may 'be used for peak combined response when CDF
calculttions, using appropriate assumptions on the range of possible time lags
between the response time histories, show the following criteria are met:

There is estimated to be less than approximately a 50% conditional probabil-.

1.
ity J. hat.t,he actual peak ocabined response from these conservatively defined
loadings exceeds approximately the SRSS calculated peak response, and

There is estimated to be less than approximately a 15% conditional probabil-2.
ity that the actual peak oosbined response exceeds approximately 1.2 times
the SRSS calculated peak response.

\
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BACKGROUND INFORMATION ON
-
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'
-

COMolNATION OF DYNAMIC RESPONSES
~

( STAFF PRESENTATION )

DYNAMIC RESPONSE -
'

-f o (Tf A
( RAPID VARYING |

fi u j r > Aga n n n -
'

1 '

l / /" SHORT DURATION""
u '

I DISTINCT FEW PEAKS
* I

VAR. FREG. CONTENT1 -f a' l
"

3 r3 =i 6
'

;

I-f NOT ALWAYS GET 9*>=

\ /b^~^- t

RE S DONSE COMBINATlON -

RULE OF SUPER POSITION |je
- LINEAR |

o

4 a) = f,u) + f, (t + r ) + -- -- - ELASTIC |3

STRUCTURAL FILTERING I

UN CERTA IN C >

|
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GENERAL PRACTICE IN RESPONSE COMBINATION
~

1. ABS: R = [Al + lB,' + --- - ;

a ---

,) t %f/,,JL H. C D F : R=k'

7ryy' v NEPi v ve

|00% ---~~---1
'

y y, _ - - - - . -

i ie a _ _ _ _ _

| |b (W coHs.p g,

RESR0 * IAl+IsJg
XX AcCEPTA6LE NON-

EXCEEDANCE PROBASILtTY

* TIME CONSUMING* NOT ALWAYS GET -f66)
-STUDYING TOOLm

E * CURVE (v!AY NOT BE UNIQ()E - NOT PRACTICAL FOR DESIGN--'

e DETERMIN ATION OF X F - BAD FOR MORE THAN Tm10-

g FUNCTtoNS To cous.

2
IIL. S RSS : R = ,/ A 2+3 # .. ..^
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THEORETICAL BASIS OF SRSS

VARI ANCE = o * = E [(f - 7F.)*

_4FOR ZERO MEAN: =0 y j

cr - E [ - ] '

6

FOR fg W = f W + fa Gk ) + --"a. .

3

ASSUME ZERO MEAN FOR ALL FUNCTIONS :
b
& tr * = E [ig* u) = E { { f,U) + S (t t c ) + ----- } ' ''

'

agg ,
.

=E:f|U) + fe* U * 's ) * "" * 2 SA") Se k's)*''"$
E | -F|ui + E ,. -Fa'(t 1 % ): + - - + 2 E [fpW de 8 t c )

+ - ~ ' '' e=

ASSUME FUNCTIONS ARE STATIONARY:
g E Cf a)] = E [-f C++ c)]

E [, f 'G)] = E [ - H+ c)) - -
"

:

AssUM E FUNCT(ONS ARE NON- CORRELATED : (i.e. Gaussian): o

3 E [fa u ) f G * % )1 = 0o
~

+ - - = a ,- +r'+--'

a,' = e : 4,' a C + e :-f|a): s

a , = j <rt + r,' + ---
..
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WHAT IS THE REAL WORLD ?

DOES IT CONFORM WirH SRSS RULES ?
.

COMfblNATION OF EXTREM PEAK 3 ( NOT r s)
ZERO MEAN ?

STATIONARY ?
NON- CORRELATION ?

FOR COMBINING MORE THAN TM/O FUNCTIONSY *

O BY NORMAll2ING PEAKS TO I

NO. OF FUNC. SRSS WORST POSSIBLE RATIO

2 [ E = l. 4 l ( 2-I.A t ] /2 = 30 7
3 [5 = I.73 (3-I.73)/3 = 4 2 7

m
A [5 = 2. ( 4 2. o) /4 = S o 7,

_

; STRocTORAL DESIGN MARGIN*

m

EVENT PROBA BI LiTY*

,
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ATTACHMENT E d" A?1'.
..

NRC INTERIM ACCEPTAMCE CRITERIA FOR SRSS |

l. EACH OF THE RESPONSE TIME FUNCTt0NS To SE COMBIN E D

SY SRSS SHOULD MEET THE FOLL.0%|ING CHARACTERISTICS

A. FUNCT(ON IS RAPIDLY VARYING WITH TIM E.
'

S. DURATroN OF THE STRONG MOTION PORTION IS SHORT -

'

C. FUNCTloN CoNstsT,5 OF A FEW pl3 TINCT HIGH PEARS
m
1 IN RANDOM APPEARANCE

D. RESPONSE IS NOT Ass 0CIATED WITH NORMAL PLANT
OPERATt0N EVENT

E. PHAslNG RELATIONSHIP AMONG FUNCTf 0NS TO BE
COMSINED ARE RANDOM,

IF. RESPONSE IS CALCULATE.D ON LINEAR ELASTIC BASIS

i 2. SRSS MAY BE USED IN COMBINING RESPONSES TO THREEe

$ PERPENDICULAR COMPONENT LOADIN G S JF THE COMPONENT
C LOADINGS ARE RELATIVE LY UN CORRELATED.
$

------ ------- --- --- -- ---- -------- _ -- - - - - - - - - - _ - - - -
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3. SRSS MAY BE USED IN COMBINING MODAL RESPONSES

PROVIDED THAT THE(R FREQ.UENCIES ARE NOT CLOSELY
SPACEO AS DELINEATED IN REGULATORY GUIDE I. 9 2

4. SRSS MAY BE USED IN COMBINING TWO RESPONSES IF THE
SRSS LEVEL REPRESENTS A NDH-EXCEEPANCE PROPABILITY

.
-

I EGGA L OR GREATER TH AM 84 la . IF THE PROSASILITY IS

LESS THAN 84 70 . THE LEVEL AT 84 7 MAY SE USED

5. FOR COMBINING MORE THAN Two RESPONSES, SRss f4AYm
$ (5E USED IN COMBINING ANY TWO OF THE RESPONSES,

PROVIDED ALL RESPONSE TIME FUNCTroMS HAVING
CHARACTERISTICS AS DELINEATED IN ITEM 1. THE

,

'

REMAINING RESPONSES HAVE TO SE COM6tNED Id

ASSOLUTE SUM.i

g 6. SRSS MAY SE USED To COMBINE MORE THAN TWO

2 RESPONSES IF THE NON- EXCEEDANCE PRoSA8iLtTY
:

N,

| 8 EQUAL OR GREATER THAN B4 ,% CAN SE DEMONSTRATED,

!
.

_ _ _ . _ . . _ _ _ _ _ _ - _ _ . _ _ _ _ . . _ . . _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . . . _ . _ _ . _ _ _ . _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ . . _ . _ . . _ _ _ _ _ . - - . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ . . - _ _ _ - _ _ _ _ . _
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7. SRSS MAY SE USED LF ET CAN SE VERIFIED THAT THE

DYNAMIC MARGtNS AT THE SPECEFIC STRUCTURAL LOCATION
I C AN ADEGUATELY COMPENSATE FOR THE UNCERTAINTY OF

S RSS AS INDICATED f N THE EXCEEDANCE PROBABI LITY .

! g, SRSS MAY SE USED IF .LT CAN SE VERIFIED THAT THE

| OVERALL QESIGN MARGINS AT THE SPectFic STRUCTURAL
#

LOCATfoN CAN APEGUATELY COMPENSA TE FOR THE

| 7 UN CERTAINTY OF SRSS AS INDICATED IN THE EXCEEDANCE.
PRO BA BI LI TY,"

:

'

! 9. SRSS MAY BE USED IF IT CAN BE VERIFFD THAT THE
I QVER ALL STRESS RE30LTANT IS FAR GREATER THAM THE >

'

DYNAMIC PORTION OF THE STRESS ANP THE UNCERTAINTY

PORTIOd INDOCED BY USING SRSS CA N S E COM PENSA TED
-

E [3Y J UST8 FIABLE MEANS,
-

5 lo. SRSS MAY E.E USED TO COMSINE RESPONSES OF LOCA $ SSE
|N THE MAIN LOOPS OF THE LIGHT WATER PLANT-

"

,

i
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* ATTACHMENT F'

Dr. Kennedy 's Presen+a+ ion

A Response +o SiaH Commenls

(1ULTIPLE RESPONSE TIME HISTORIES

1. TIME HISTORIES HAVE RANDOM RELATIVE START TIMES.
(UNCORRELATED)

-

.

2. TIME HISTORIES ALSO HAVE RANDOM AMPLITUDES.

3. DESIGN AMPLITUDES ARE DEFINED TO BE AT THE 84% NON-
EXCEEDANCE PROBABILITY BY CRITERIA.

(A)
_ _ _ _ _ _ _ , , ,____

A kb d A >

VVVV e>~oo m>ve.
,

|
.

(3) 3 ,, ,

/\ b_ _ _ . _ _ h
y V V= R A NDOf4 A?4 0 0 T U M

|(RANDOM)

4. HON SHOULD PEAK INDIVIDUAL RESPONSE BE COMBINED?

i

90011202
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BASIC ASSUMPTION BEHIND CRITERIA |
!

FOR SRSS COMBINATION OF RESPONSES

MANY S'00RCES OF CONSERVATISM EXIST IN DESIGN AND-

EVALUATION PROCESS.
I

ADDITIONAL CONSERVATISM DOES NOT HAVE TO BE INCORPOR--

ATED WITHIN THE RESPONSE COMBINATION PROCESS',

IT IS NOT NECESSARY FOR THE COMBINED RESPONSE TO HAVE-

A LOWER PROBASILITY OF EXCEEDAMCE THAN THE INDIVIDUAL ;

RESPONSES,

-
;.

e

90011203
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CRITERION 2

WH H AL
RSRSS84 RESPONSE HAS BEEN DEFlt!ED CONSERVATIVELY AT

84TH PERCEllTILE OR F MEDIAN.-

R = RANDOM TIME PHASE COMBINED RESPONSE WHERE
T84 ALL AMPLITUDES DEFINED AT 84TH PERCENTILE.

R = COMBINED RESPONSE CONSIDERING BOTH RANDO.9

AMPLITUDE AND TIME PHASING.

GOAL OF SRSS COMBINATION

'

' ~

z 84Z (1)P RsRgggg

CRITERION 2 REQUIREMENT

s R gg3 a 50% (2)P~R 3 84Tgg
,

&

~

P ~ R s R zE Q
T84 gggg #_

.

8
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z
g 1.00 . . -

-

s -
-

e '-
PRRTi TFE PHASE ONLY~

E 0.84 %d T9E NO M'PLITUDP /~ ! It0lVIDUAL ESPONSE #?LITUDE

.

E \/ i DEFItED AT 84TH PERCErfflLE.

= / |2 '/

[ 0.50 - -/ -
,

'

,

E / i

W / ! i
G / \

5 / '

iE / !
.

'

2 -" .

0.00 /
CCielNED RESP 0tSE #?LITCESPSSgg 1.2 SRSS84

COMPARISON OF RANDOM TIME PHASE ONLY CDF CURVE

WITH RANDOM TIME PHASE AND AMPLITUDE CDF CURVE
.

.
.

.

1.0k,84%

F PDF (#P.) REFEPSICE TIME HISTORi'
W b bb

VVo. tie
E =

t
d

1.C 84% PDF (e.t)

y - =ijg [ U PDF(#P.)31
31

$ V V TIE d

W
!

CCGINING TIE HISTORY

90011205
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JUSTIFICATION OF CRITERION 2

1. THE GOAL OF SRSS COMBINATI0M (E00. 1) CAN BE
MATHEMATICALLY PROVEN FOR CERTAlN lllDEPEtlDENT

STOCHASTIC INPUT FORCING FUNCTIONS.
_

2. FOR REAL EARTHOUAKE TIME HISTORIES IT HAS BEEN
DEM0flSTRATED THAT EQUATIONS (1), (2), ARE MET.

3. JUDGED THAT MEETING EQUATIONS (2) AND (3) ARE :

SUFFICIENT TO REASONABLY ASSURE EQUAT10fl (1) IS
REAS0ilABLY MET. THIS JUDGEMENT IS BOLSTERED BY
APPROXIMATE, SIMPLIFIED, MATHEMATICAL DEVELOPMENT.

4. DEMONSTRATION ANALYSES CURRENTLY BEING PERFORMED |
TO DEMONSTRATE THAT CASES MEETING CRITERION 2

(EQUATIONS (2) AND (3)) DO MEET GOAL (EQU 1) MHEN:

' Rgg7,
'

R ='R >i
84

.F R50L

1.05 < F < l.2

90011206
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DISCUSSION OF CRITER10N 2

* CRITERION 2 BASED UPON USE OF CDF CURVE

1

* PROBLEMS ;

* COSTLY & DIFFICULT TO USE SINCE REQUIRES GENERATION OF
RESPONSE TIME HISTORIES AND CDF CURVE - INTENDED ONi.Y ,

I

AS A FINAL ARBITRATOR FOR CASES WHICH CANNOT BE C0!b
CLUSIVELY SHOWN TO PASS CRITERIA 1. |

SELECTION OF PDF FOR RELATIVE TIME PHASING IS ARBITRARY -
NOT CONSIDERED MAJOR PROBLEM S0 LONG AS REASONABLE PDF IS
USED SINCE GE " RED-BOOK" STUDY SHOWS THAT CDF CURVE IS
NOT SENSITIVE TO PDF USED. .

90011207
1
|

|

|
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CRITERIA 1 REQUIREMENTS:

* RESPONSE COMPONENTS FROM INDEPEf4 DENT EVENTS OR RANDOM

PHASING
1.

I

LIMITED NUMBER OF NEAR PEAK EXCURSION

NO MORE THAN 5 EXCEEDING 75% OF THE MAXIMUM, OR

NO MORE THAN 10 EXCEEDING 60% OF THE MAXIMUM

LIMITED DURATION

10 SECONDS OR LESS

APPROXIMATELY ZERO MEAN

90011208

.
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JUSTIFICATION OF CRITERION 1

CRITER10N 1 IS INTENDED TO ASSURE THAT RESPONSE IS-

EARTHQUAKE-LIKE -

FOR CERTAIN STATIONARY STOCHASTIC PROCESSES THE-

PROBABILITY OF EXCEEDANCE OF SRSS COMBINED RESP 0ilSE

CAN BE SHOWN TO BE EQUAL TO THE PROBABILITY OF EX-
'

;

CEEDANCE OF THE INDIVIDUAL RESPONSES

P
R<RSRSS84

~

EARTHQUAKE-LIKE RESPONSES HAVE BEEN SHOWN TO BE-

REASONABLY APPROXIMATED AS STATIONARY STOCHASTIC

PROCESSES AND CAN BE EVEN BETTER APPROXIMATED ASi

NON-STATIONARY PROCESSES

FOR NON-STATIONARY PROCESSES:-
,

P
R<RSRSS8l4

EARTHOUAKE-LlKE RESPONSE EXPECTED TO MEET EQUATION 1-

EARTHQUAKE-LIKE RESPONSE REQUIRES LE9i NEAR-MAX PEAKS-

(MORE NON-STATIONARY) THAN FOR EARTHOUAKE RESPONSE,

APPROXIMATELY ZERO MEAN, AND RANDOM PHASING
|

RANDOM PHASING AUTOMATICALLY ACHIEVED BY RANDOM START-

TIME. TO BE CONSIDERED RANDOM, RELATIVE START TIMES

MUST BE CONSIDERED UNKNOWN WITHlil A TIME INTERVAL GREATER

THAN ABOUT 2 TO 5 TIMES THE NATURAL PERIOD OF THE STRUCTURE

90011209
F-8
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JUSTIFICATION OF CRITEDION 1 (con'T,)

JUSTIFICATION OF CRITERION 1 CONSIDERABLY BOLSTERED BY

FACT THAT GUT OF 235 MARK II RESPONSE COMBINATIONS
NHICH f1EET CRITERION 1, 100% OF CASES (ALL 235) ALSO

MET CRITERION 2

~

MEETING CRITERION 1 PROVIDES HIGH CONFIDENCE

THAT CRITERION 2 WOULD BE MET |

90011210 |
|,

|

|

.
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RESPONSES TO QUESTIONS ON CRITERION 1
,

1. HOW TO ASSURE SUFFICIENTLY RAPID VARIATION OF TIME

HISTORIES.

* RAPID VARIATION IS ASSURED BY:

A) LIMITING THE NUMBER OF tlEAR MAXIMUM PEAKS

AND .

B) ASSURIflG A flEAR ZERO RATIO 0F MEAN TO
MAXIMUM RESPONSE OVER A TIME DURATION LESS

THAtl THE UNCERTAINTY IN THE LAG TIME.

eA RATIO 0F MEAN TO MAXIMUM LESS THAN ABOUT

0.1 TO 0.2 MEETS REQUIREMEilT OF NEAR ZERO MEAN.
.

2. WHY CAN LOADING TIME HISTORY BE USED IN LIEU OF RESPONSE
TIME HISTORY,

,

.IF LOADING TIME-HISTORY IS EARTHQUAKE-LIKE THEN
RESPONSE TIME-HISTORY HILL AUTOMATICALLY BE

EARTHOUAKE-LIKE FOR LINEAR ELASTIC STRUCTURES

(I.E.) IF LOADING HAS LESS tlEAR PEAK EXCURSIONS
THAN FOR EARTHQUAKE, THE RESPONSE TO LOADING WILL

'

AUTOMATICALLY HAVE LESS NEAR PEAK EXCURSION THAN

IT WOULD HAVE FROM EARTHQUAKE TIME HISTORY.

.IF LOADIllG HAS NEAR-ZERO MEAN, RESPONSE AUT0"ATICALL1

HAS NEAR-ZERO MEAN FOR lit 1 EAR ELASTIC SYSTEMS.

NOT PRACTICAL TO LIMIT CRITERIA TO RESPONSE. FOR

MANY CASES, RESPONSE TIME HISTORIES ARE NOT GENER-

ATED. NEED A CRITERIA HHICH CAN BE APPLIED AT THE
LOADING LEVEL.

90011212
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RESPONSE TO QUESTIONS ON CRITERION 1 (CONT.) -

3. HOW TO DEMONSTRATE WEAK CORRELATION BETWEEN PEAK

RESPONSES.
,

.
. .

*S0 LONG AS RELATIVE TIME PHASING BETWEEN TIME
~

HISTORIES IS UNKNOWN (RANDOM) WITHIN A TIME

INTERVAL AT LEAST AS GREAT AS 2 TO 5 TIMES THE
PREDOMINANT NATURAL PERIOD OF THE STRUCTURE,

.THE TIME OF PEAK RESPONSES ARE AU10MATICALLY
WEAKLY CORRELATED FROM A PRACTICAL STANDPOINT.

4. WHAT TO DO WHEN RESPONSES DO NOT t! AVE'NEAR ZERO MEAN
.

L THE MEAN RESPONSES SHOULD BE COMBINED ALGEBRA! CALL 1
(NOT ABSOLUTELY) SINCE SIGN OF RESPONSE IS KNOWN.

THE DIFFERENCES BETWEEN PEAK RESPONSE AND MEAN

RESPONSE CAN BE COMBINED SRSS IF THESE DIFFERENT
TIME HISTORIES MEET CRITERIA 1, OR 2.

.

90011213

.
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'- ATTACHMENT G
~

'

SNL PROGRESS REPORT

GENERIC STULY

WORK SCOPE

1. INVESTIGATE THE KEY PARAMETERS WHICH CAN BE UTILIZED

TO FULLY CHARACTERIZE DYNAMIC RESPONSES IN THE TIME

AND FREQUENCY DOMAIN. PARAMETERS SHOULD INCLUDE GUT

NOT NECESSARILY LIMITED TO) AMPLITUDE, FREQUENCY, PHAS-

ING, AND DURATION.

THE TIME DOMAIN RESPONSE SHOULD BE'A TIME VARYING FUNC-

TION.

2. DEVELOP THE DYNAMIC RESPONSES TO Tdo DYNAMIC INPUTS FOR j

COMBINATION STUDIES, BOTH IN THE TIME AND FREQUENCY

DOMAINS, USING THE VARIOUSLY QUANTIFIED PAPAMETERS SPECI-

FIED IN ITEM 1. CONDUCT SENSITIVITY STUDIES BY VARYING

'

ONE OR MORE THAN ONE OF THE PARAMETERS. THE DEGREE OF

INFLUENCE OF PARAMETER VARIATION ON THE RESULTS OF RESPONSE |

|

G-1 90011214



. _ _ _ _ _ _ _

:
'

~.

.

GENERIC STUDY, WORK SCOPE, CONTINUED

C0fGINATION SHOULD BE QUANTIFIED. THE METHOD USED TO
,

QUANTIFY THE COMBINATION RESULTS MAY BE IN TERMS OF NON-

EXCEEDANCE PROBABILITY OR OTHER APPROPRIATE MEANS ACCEP-
-

TABLE TO THE STAFF.

3. BASED ON KNOWLEDGE OBTAINED IN SENSITIVITY STUDIES,

DEVELOP RECOMMENDATIONS FOR THE COMBINATION OF Tdo DY-

NAMIC RESPONSES, EITHER EXPRESSED IN THE FREQUENCY DOMAIN .

, ,

OR IN THE TIME DOMAIN. THE RECOMMENDATIONS SHOULD IN-

CLUDE BUT NOT NECESSARILY BE LIMITED TO THE FOLLOWING:

A) OliANTIFY THE CONDITIONS UNDER WHICH THE ABSOLUTE SUM

(ABS) METHOD OF COMBINATION SHOULD BE USED;

B) QUANTIFY THE CONDITIONS UllDER WHICH THE SQUAPE-ROOT-OF

|
SUM SQUARE (SRSS) METHOD OF COMBINATION MAY BE USED, AND

90011215
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GENERIC STUDY,'iORK SCOPE, CONTINUED

C) QUANTIFY THE CONDITIONS UNDER WHICH THE CUMULATIVE

DISTRIBUTION FUNCTION (CDF) METHOD FOR RESPONSE COM-

BINATIONS MAY BE USED INCLUDING THE SPECIFICATION OF
~

POSSIBLE NON-EXCEEDANCE PROBABILITIES OF 50% OR HIGHER

LEVEL.

90011216
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WORK PLAN FOR THE EVALUATION OF MARK II SRSS LOAD
-

COMBINATION CRITERIA

BACKGROUND

GENERAL ELECTRIC TOPICAL REPORT NED0-214010-2, ENTITLED " BASIS

FOR CRITERIA FOR COMBINATION OF EARTHQUAKE AND OTHER TRANSIENT

RESPONSES BY THE SQUARE ROOT SUM OF THE SQUARE METHOD," SUPPLE-

MENT 2, WAS ISSUED IN DECEMBER OF 1978, ADDRESSING THIS PROBLEM.

THIS REPORT PROPOSES TWO CRITERIA AS A BASIS FOR DYNAMIC LOAD

COMBINATIONS.

.

1
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BACKGROUND, CONTIl1UED

THE TWO CRITERIA CAN BE SUMMARIZED AS FOLLOWS:

SQUARE ROOT SUM OF THE SQUARES (SRSS) CAN BE USED IF EACH OF1.

THE TIME FUNCTIONS, IN EITHER LOADING OR RESPONSE IS SIMILAR
~

TO THE EARTHQUAKE GROUND MOTIONS, AND

SRSS MAY BE USED IF CUMULATIVE DISTRIBUTION FUNCTION (CDF)2.

0F COMBINED RESPONSE TIME FUNCTIONS SATISFIES THE CONDITIONS:

A) SRSS REPRESENTS AT LEAST 50% ( ) NON-EXCEEDANCE PROBABILITY

|(NEP),

B) 1.2 SRSS REPRESENTS AT LEAST 85% (t) NEP.

90011218
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OBJECTIVE

THE OBJECTIVE OF THE BNL PROGRAM IS TO OBTAIN AN EVALUATION

~

OF THE AREAS OF VALIDITY, ADEQUACY, LIMITATIONS, AND APPLI-

CABILITY OF THE TWO CRITERIA IN NED0-24010-2,

1

90011219 ;

1

. .

a

6-6

.. __ _ __



. -. . . _ . - .

'

,
.

-
..

_

- TASKS TO BE CARRIED OUT FOR EVALUATION OF CRITERION 1

1. REVIEW THE REFERENCES CITED IN NED0-24010-2.

2. CLARIFY THE EXTENT TO WHICH COMBINATIONS OF RESPONSES SHOULD
,

ONLY BE BASED ON THE CHARACTERISTICS OF THE RESPONSE TIME

FUNCTIONS AS OPPOSED TO THE LOADING TIME FUNCTIONS.

2

3. USING MONTE CARLO simul.ATION INVESTIGATE THE EXTENT TO WHICH

DEPARTURES FROM ZERO MEAN AFFECT THE ACCEPTABILITY OF CRITERION

1. ,

4. USING MONTE CARLO SIMULATION VERIFY WITH REAL AND SIMULATED

RESPONSE FUNCTIONS WHETHER THE BASES OF LIMITED NUMBER OF

HIGH PEAKS IS ALWAYS ACCEPTABLE. IF NOT ACCEPTABLE, DETERMINE

ALTERNATE LIMITATIONS.

90011220
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TASKS TO BE CARRIEL 00T FOR EVALUATION OF CRITERION 1, CONTINUED

5. USING MONTE CARLO SIMULATION INVESTIGATE THE EFFECT OF THE

VARIATION OF SIGNAL DURATION TIME ON THE APPLICABILITY OF

CRITERION 1.

6. USING MONTE CARLO SIMULATION, INVESTIGATE THE ACCEPTABILITY |

OF AN EQUAL OR LESS THAN 0.f4 VALUE OF CORRELATION COEFFICIENT|

|
|

FOR THE SRSS HETHODOLOGY.
|

:.
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TASKS TO BE CARRIED OUT FOR EVALUATION OF CRITERION 2

|
,

1. FROM THE REVIEW 0F THE REFERENCES PERFORMED UNDER TASK 10F

CRITERION 1 ESTABLISH THE APPLICABILITY OF THESE REFERENCES

TO CRITERION 2.

I
2. USING MONTE CARLO SIMULATION VERIFY WITH REAL AND SIMULATED

RESPONSE FUNCTIONS THE DEGREE OF CONSERVATISM (OR NON-CONSERVA-

TISM) OBTAINED BY ACCEPTING A 50% CONDITIONAL PROBABILITY THAT
i

THE ACTUAL PEAK COMBINED RESPONSE EXCEEDS APPROXIMATELY THE

SRSS CALCULATED PEAK RESPONSE.

3. USING MONTE CARLO SIMULATION VERIFY WITH REAL AND SIMULATED

RESPONSE FUNCTIONS THE DEGREE OF CONSERVATISM (OR NON-CONSERVA-

TISM) OBTAINED BY ACCEPTING A 15% CONDITIONAL PROBABILITY

THAT THE ACTUAL PEAK COMBINED RESPONSE EXCEEDS APPROXIMATELY

1.2 TIMES THE SRSS CALCULATED PEAK RESPONSE.

4. EXAMINE THE EFFECTS OF NON-UNIFORM PEAK PHASING DENSITY FUNC-

TIONS UPON THE ACCEPTABILITY OF CRITERION.

90011222
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GENERIC STUDIES OF COMBINATION OF DYNAMIC RESPONSCS-

DSS COGNIZANT ENGINEER: S . N . HOU-

DVERALL OBJECTIVE

ASSIST MECHANICAL ENGINEERING BRANCH IN INVESTIGATING METHODS;

AND IN DEVELOPING CRITERIA FOR APPROPRIATE COMBINATIONS OF DYNAMIC
-

RESPONSES IN PIPING SYSTEMS AND COMPONENTS OF LWR PLANTS UNDER:

1. PLANT OPERATING TRANSIENTS

2. POSTULATED ACCIDENTS

3. SEISMIC EVENTS 90011223
.
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PARAMETRIC STUDIES TO DETERMINE THE 'FFECT

ON RESPONSE COMBINATIONS

1. FREQUENCY

2. FPEQUENCY BANDWIDTH

3. AMPLITUDE

4. DURATION TIME

5. DISTRIBUTION OF TIME LAG OR PHASE (I,E., UNIFORM,

NORMAL TRIANGULAR, ETC.)

6. DAMPING

.

90011224
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METHODS EMPLOYED

MONTE CARLO

NUMERICAL SOLUTIONS

CLOSED FORM SOLUTIONS

.
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REMAINING !TEMS:.

1. EFFECTS OF MORE THAN TWO RESPONSE COMBINATIONS.

2. MORE RUNS WITH ARTIFICIAL TIME DOMAIN.

3. MORE RUNS WITH REAL EXCITATION COMBINATIONS.

14 . SOME INVESTIGATION REGARDING INTERMIX OF LOADING AND

RESPONSE.

.

I
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p. 4.h [ '
C0'iiCLbSIONSFORREALTIMEHISTORIES,FORARTIFICIALFREQUENCY,

AS WELL AS TIME DOMAIN, AND MULTI-SINUSOIDAL COMBINATIONS HAVE

BEEN PRESENTED. WHAT REMAINS IS TO QUANTIFY THE RESULTS. THIS

IS ESSENTIALLY THE WORK OF ITEM C, IN THE WORK SCOPE,
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FOR MULTISINUS01DAL RESPONSES

.

1. FREQUENCY RELATIONS OF MAJOR COMPONENTS WILL AFFECT

PERCENT OF NON-EXCEEDANCE, AS IS INDICATED IN CONCLUSIONS

FOR SINE RESPONSE.

2. NUMBER OF PEAKS PRIMARY FACTOR IN DETERMINING PERCENT

OF NON-EXCEEDANCE.

3. RESPONSES WITH SAME COMPONENTS CAN GIVE VERY DIFFERENT

PERCENT OF NON-EXCEEDANCE DEPENDING ON PHASE ANGLE OF

COMPONENTS.
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CONCLUSIONS FOR COMBINING SINE RESPONSES

1. TWO IDENTICAL SINUS 01DS HAVE COMBINED PISPONSES AT 50%

NON-EXCEEDANCE LEVEL,

.

2. TWO DIFFERENT FREQUENCIES ARE A PRIMARY FACTOR IN RE-

DUCING THE PERCENT OF NON-EXCEEDANCE,'

3. AMPLITUDE RATIO IS NOT A PRIMARY FACTOR IN CHANGING THE

PERCENT OF NON-EXCEEDANCE,

4. DIFFERENT DURATION TIMES WILL LOWER PERCENT OF NON-EXCEEDANCE,

5. INCREASED DAMPING WILL RAISE PERCENT OF NON-EXCEEDANCE,

6. DENSITY FUNCTION FOR RANDOM PHASE ANGLE IS NOT A PRIMARY

| FACTOR,

7. FOR RANDOM FREQUENCIES WITH NORMAL DISTRIBUTION, AN INCREASE

IN o LOWERS THE PERCENT OF NON-EXCEEDANCE,

90011239
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CollCLUSIONS FOR C0KSItilt!G SINE RESPONSES, CONTINUED

8. MORE OF THE SAME SINE WAVES WILL RAISE THE PERCENT OF

NON-EXCEEDA!1CE.

90011240
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RESPONSE COMBINATIONS CASES

2 SINUS 0lDS
1

e

NO. AMPLITUDES FREQUENCIES DURATIONS SRSS C/CC PHASE ANGLE ;
'

RAD /SEC TIME, SEC % % _ e
'

A'A,A,AII W///MA1 2 3 r.y .
t I O 2x -

(1) 10, 10 10, 10 5, 5 52 ---

O 2) 10, 10 10, 10 5, il 53 ---

4

Y (3) 10, 10 W,, = W,,= 7.5 5, 5 19 ---

' " .5 23 ---

o, = o2 =

(fi) 10, 10 ai = o2 = . fi 33 ---
>

= .2 fl2 ---

(5) 10, 10 ai = or

= .1 2I1 --- |(6) 10, 10 oi = oz

(7) 10, 10 W , = W ,= 7.5 5,Il 16 ---

y y

e ci = o2 = .5i ,.

CD
-

M

b

,

6

i

_ _ _ _ _ _ _ _ . . . _ . . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



'

.

..
,

'

.

RESPONSE COMBINATIONS CASES, CONTINUED
,

3 OR 't SINUS 0!DS

NO. AMPLITUDES FREQUENCIES DURATIONS SRSS C/CC PilASE ANGLE

A ' A ' A ' All RAD /SEC TIME, SEC % % ?pffpl2 3
- W+ t +

i i 0 2x

.

(8) 10, 10, 10 7.5, 7.5, 7.5 5, 5, 5, 62 ---

f (9) 10, 10, 10 7.5, 7.5, 7.5 5 , 11 , 3 52 ---

Q (10) 10, 10, 10 W,, = W,, = W , = 7.5 5, 5, 5, 28
y

oi = o, =o,= .5

(11) 10, 10, 10 W , = W , = W,, = 7.5 5, 't, 3 22 ---

p y

o, =o,=o,= .5
. .

(12) 10, 10, 10, 10 7.5, 7.5, 7.5, 7.5 5,5,5,5, 66 ---

g (13) 10, 10, 10, 10 7.5, 7.5, 7.5, 7.5 5, '1, 3, 2, 51 ---

'

W,=W =W = 7.5 5,5,5,5, 35 ---C (l'l) 10, 10, 10, 10 W =
n y, y ,,y,

.50: =0, =o s=o n =

(15) 10, 10, 10, 10 W,=W =W = H , = 7.5 5 , 11 , 3 , 2 , 35 ---

n y, p, n

o, = o,=o, =o= .5

- _ _ _ _ _ _ _ - _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ . . . . _ _ - . ___ - __ _____ _ _ _ _ . . _ _ _ _ _ _ _ .
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RESPONSE COMBINATIONS CASES, CONTINUED

2 SINilS0lDS

NO. AMPLITUDES FREQUENCIES DURATIONS SRSS C/CC PHASE ANGLE
0

RAD /SEC TIME, SEC % % -NM
W+ t +

I i 0 2wA +
I

DAMPED RESPONSES
,

(16) 10, 10 7.5, 7.5 5, 5 55 2
"

i (17) 10, 10 7.5, 7.5 5, il Sti 2O

I (18) 10, 10 W , = W , = 7.5 5, 5 tl7 2
p p

.5ai =or =

W = 7.5 5, Il 11 5 2
(19) 10, 10 W =

y, y,

.5ai = o2 =

m
CD

-

-

U
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RESPONSE COMBINATIONS CASES, CONTINUED

3 OR 11 SINUS 0lDS

.

NO. AMPLITUDES FREQUENCIES DURATIONS SRSS C/CC PHASE ANGLE

RAD /SEC TIME, SEC % % - 0

MMA
t +

W '+
A i I I O 2x+

DAMPED RESPONSES

O (20) 10, 10, 10 7.5, 7.5, 7.5 5,5,5 62 2
"

$ (21) 10, 10, 10 7.5, 7.5, 7.5 5, li, 3 65 2

(22) 10, 10, 10 W,=W,=W,=7.5 5, 5, 5, 57 2~

p y p

o,=o,=o,= .5
'

(23) 10, 10, 10 W , = W , = W , = 7.5 5, fi, 3 53, 2
y y y I

.5O 3 o2 =0, ==
'

(2ft) 10, 10, 10, 10 7.5, 7.5, 7.5, 7.5 5, 5, 5, 5 67 2

(25) 10, 10, 10, 10 7.5, 7.5, 7.5, 7.5 5 , 11 , 3 , 2 63 2

c3 (26) 10, 10, 10, 10 W,=W,=W,=W,=7.5 5,5,5,5, 56 2
y n y y

.5 Io,=o, =o, =o=-

5 (27) 10, 10, 10, 10 W,, = W , = W , = W,,, = 7.5 5, 14, 3, 2, 11 8 2
y y

.5=U i = G a. == U 2o,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ . . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _
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RESPONSE COMBINATIONS CASES, CONTINUED

3 OR 11 SINUS 0lDS

i

| N0. AMPLITUDES FREQUENCIES DURATIONS SRSS C/CC PHASE ANGLE

RAD /SEC TIME, SEC % % - e

NM| W+ t +
I O 2nA i+

i

DAMPED RESPONSES
.

"

o- 2 = oi = o = .4 5,4,3,2 44 2

h (28) 10, 10, 10, 10
=o=.2 5,4,3,2 48 2

~

p (29) 10, 10, 10, 10 ai = or=o s

=oi=o =.1 5, ft, 3, 2 51 2
(30) 10, 10, 10, 10 ai=02

(31) 10, 10 7.5, 7.5 5, 5 - 52 ---

(32) 10, 5 7.5, 7.5 5, 5 52 --- ,

,

(33) 10, 1 7.5, 7.5 5, 5 52 ---

''

(3'O 10, 10 10, 5 5, 5 Iti .1 --- ;

$ (35) 10, 5 10, 5 5, 5 11.8 ---

10, 10 7.5, 7.5 5, 5 '12 -- d
[ (36)

N (37) 10, 5 7.5, 7.5 5, 5 40 --- 0 2x

I0 ---,
l

W (38) 10, 1 7.5, 7.5 5, 5
.

(39) 10, 10 10, 5 5, 5 14.1 ---

_ _ _ _ _ _ _ _ - . . _ _ _ _ _ _ _ . - _ ____-_ _ _ _ _ _
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RESPONSE COMBINATIONS CASES, CONTINUED

3 OR 11 SINUS 0lDS

NO. AMPLITUDES FREQUENCIES DURATIONS SRSS C/CC PHASE ANGLE

RAD /SEC TIME, SEC % % fjj)fpf
A, + t

1 0 2n

DAMPED RESPONSES

'f

h (l10) 10, 5 10, 5 5, 5 11.1 ---

h
$ ('11) 10, 10 10, 10 5, 5 52 2---

2n5, 5 50 --- 0
,

=
( 11 2 ) 10, 10
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O
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P(R<SRc:) a 62%

XCT) = 10 SIN 10T + 5 SIN 20T
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P(R<SRSS) a 72%
*

i

XCT) = 10 SIN 10T - 5 SIN 30T

.

E.

i-
.! > \ \

! ) !

e
-

C'

E-

la a in s la s iA r

la a iA. s
'

5- 13 s. tA s
s v! v vt $ vi s vt

v v. s vt, i <) |

?-

C .

1C .

F-

LL ,
k k emmm ,,mo m .. m

IC:2 C:C TM

90011249

G -3 6 \

|

_



.-. ..

.

.

-
.

X(TT = 10 SIN 10T - 5 SIN 30T
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P(ReSRSS) a 28%.
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P(R<SRSS) a 72%
'

X CT) = 10 SIN 4.375T + 10 SIN 10T - 10 SIN 20T + 20 SIN 30T
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P(R<SRSS) @ 13%
WITH X,(T1.-

a

X (T) = 10 SIN 8.75T + 10 SIN 10T - 10 SIfl 20T + 20 SIN 30T2
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COMBINATI0t!

0F

1. REAL RESPONSES

1

2. ARTIFICIAL RESPONSES IN FREQUENCY DOMAIN |

3. ARTIFICIAL RESPONSES IN TIME DOMAIN

N

R(T) = I F (T + T I)I!=1

|
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|
*
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COMBINATION OF REAL RESPONSES

DIGITIZE RESPONSE CURVES FROM:.

WESTINGHOUSE REPORT :

|

G. E'. REPORT

FOURIER TRANSFORMATION TO INVESTIGATE FREQUENCY CONTEN.

COMBINE RESPONSES WITH TIME LAG (UNIF. DIST.).

PLOT CDF 0F THE COMBINED PEAKS.

LOCATE NON-EXCEEDANCE PROBABILITY OF SRSS,

'

.
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CASE NO, RESPoilSES SOURCE P C R <_ SRSS) REMARKb

i
1 LOCA NO. 22 : SKEWED +

W .84
SSE NO. 22 !

"
0

2 LOCA NO. 23 + |
"

SSE N0',' 23 W .72 iu +

"
3 LOCA NO. 24 +

W .98 u
SSE NO. 24 _

4 LOCA NO. 25 u
_

W '48
SSE NO. 25 u

_

"
5. LOCA NO. 26 +'

W .89 u
SSE NO. 26 _

6. LOCA Il0. 28. +"
,

W . 68'

0
"

SSE NO 28

1

7. LOCA NO. 29 + SPARSE
"

W '81 0
"

SSE No. 29 '

8. LOCA NO. 30 || ' SPARSE
-

'"ggW
SSE NO. 30

"
9. LOCA NO. 31 -

+ SPARSEW .98 u
SSE NO. 31

|

FIG. B-36 OBE SKEWED 010. 1

G.E. .71
FIG. B-37 SRV 0

W - WESTINGHOUSE 90011259
G.E. - GENERAL ELECTRIC

G-M
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CONCLUSION:

1. SPARSITY OF PEAKS:

P (R < SRSS) INCREASES WITH SPARSITY OF PEAKS,

2. SKEW [1ESS OF MEAN RESP 0fiSE

'

P (R < SRSS) INCREASES WITH OPPOSITE SKENNESS BUT

DECREASES WITH SAME SKEWNESS,

3. 0.48 _< P (R < STRSS) < 0,98
.

FROM TEt1 CASES OF

.
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COMBIt'ATION OF ARTIFICIAL RESP 0i1SES IN FREQUENCE DOMAIN

PURPOSE

TO GENERATE ARTIFICIAL RESPONSES WITH SPECIFIC FOURIER.

SPECTRA:

AMPLITUDE OF PREDOMINENT FRE9UENCIES OF PREDOMINENT AMPLITUDES

FREQUENCY BANDWIDTH

RElkTIVEPOSITIONOFPREDOMINENTFREQUENCIES

TO COMBINE ARTIFICIAL RESP 0f!SES WITH RAf! DOM TIME LAG.

1

(UNIF. DISTRIBUTI0fD

TO COMPUTE THE CDF 0F THE COMBINED FEAKS.

TO COMPARE WITH THE SRSS VALUE I.

TO OBTAIN NON-EXCEEDANCE PROBABILITY OF SRSS.

90011270
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DERIVATION OF FORi1ULAS

N

R(T)=g(A W kno ) + B SIN (KW T)Tg O

N
=r C COS (Kw T - *g)g g

K=L

'

TO GENERATE ARTIFICIAL RCT):

C =N .E O ~ "W T, g g g

WHERE N B A W M W M D E O M C , maxg K

u -- THE PREDOMINAtlT FREQUEtlCY. g

-- FREQUENCY BAND VARIAf1CE |o
, g

|

o - UM NG .EE '

. g

90011271
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EEsulTs R. H ) = R (s ) + K, C t + T ), "|%,,,'+,f,{i,i
_
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/ % ~
..

I _w |
'

Aw
'

\
'

FRE Q ( H z. ,) T/M E (see)
I, o c ^(

p(g <.SRU)j Q
' u

SRSS bSP kErp
,

(CMULA T/VE DENS /Tf DENS IT f FUNCTICN
fuc Tion

"EAf! FRE0,

CASE RESP, MAX, FOUR FREO. DEV. DURAT, P

NO, NO, AMP (u ) (o ) (SEC) (R < SRSS) REMARK. g w

1 1 10, 8.0 1.0 lo,
.88

2 10, 8,0 1.0 10.

A 2 3 10, 8,0 3,0 10,
.81

4 10, 8,0 3,0 10,

3 5 10, 8,0 5.0 10' .75
6 10, 8,0 5,0 10,

4 7 10, 6,0 1,0 10,
''lo

8 10, 6.0 1,0 10,

5 9 10, 6,0 3,0 10

10 10, 6,0 3.0 10,' '78

G-S9
. _ _ _ _ _ . _. . .__
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CONCLUSIONS:

1. P(R 4RSS) DECREASES IIITH I!1CREASlfiG FREQUENCY BANDWIDTH

WHEN PREDOMINENT FREQUENCIES ARE SAME,

2. P(R4RSS) INCREASES SOMEWHAT WITH SMALLER PREDOMINENT

FREQUENCIES,

3. P(R 4RSS) DECREASES WHEN PREDOMINENT FREQUENCY

DIFFERENCES lilCREASES,

4. P(R 4RSS) DECREASES WHEN THE SECOND RESPONSE DECREASES>

IN DURATION,

5. WHEN BOTH FREQUENCY AND DURATION DIFFERENCES

OCCUR, P(R < SRSS) MAY REACH .30 To ,40,

1
I

90011275 |
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COMBINATION OF ARTIE EIAL RESP 0ilSES IN TIME DOMAIN

PURPOSE

TO GENERATE ARTIFICIAL RESPONSES WITH TIME DEPENDENT,

PARAMETERS:

'

OCCURREtlCE TIME OF PEAKS;

PROBABILIT( OF PEAK OCCURRENCES;

ENVELOPE SHAPE OF RESPONSE CUF.VE;

SPARSITY OF PEAKS;

FILTERING FREQUENCIES.
,

t

FOURIER TRANSFORM,.

|

COMBINE RESPONSES WITH TIME LAG, !,

!

PLOT CDF 0F COMBINED PEAKS,.

LOCAL NON-EXCEEDAf|CE PROBABILITY OF SRSS,
,

90011299
,
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1

)
FORMULATION.

R(T) = f H(T-T) * (T) V (T) D T
0

!

|
H(T) - FREQUENCY CONTROL' FILTER (IMPULSE RESPONSE) ;

1

*(T) - SHAPE FUNCTION
~

l

VCT) - RANDOM NUMBER l

EXPERIMENTAL FUNCTIONS

H(T) = E -EWT (C0S W T - E - SIN W T)W
g D

D

4(T) = E -T-E ~I
V(T) = GAUSSIAN RANDOM NUMBER OR UNIF, DIST, RANDOM NUMBER,

,

l

I

l

|
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,

.

RESULTS:,

1. TWO IDENTICAL RESPONSES, DUR = 10 SEC

UNIF. DIST. OF PEAK

NO FILTER :

MAX PEAK AT ! 5 SEC

P (R 4RSS) = 0.29

2 .' TWO IDENTICAL RESPONSES, Dl? o 10 SEC

GAUSSIAN DIST OF PEAK

NO FILTER

MAX, PEAK AT ! 5 SEC

P (R< SRSS) = 0.60 |

1

3. TWO IDENTICAL RESPONSES, DUR = 10 SEC

GAUSSIAN DIST. OF PEAK

FILTER WITH IMPULSE RESPONSES

'

MAX PEAK AT 3 SEC - 6 SEC

0011301P (R < SRSS) = 0.724

CONCLUSION: PENDING

G-88
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