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BASES FOR SRSS

T
o RELIABILITY BASIS e
IT HAS BEEN SHONN THAT THE USE/OF SRSS COMBINATION OF
PEAK RESPONSES IN DESIGN DOESUSIGNIFICAMTLY ALTER THE
RELIABILITY OF STRUCTURAL COMPONENTS FROM THAT OBTAINED
THROUGH THE USE OF ABSOLUTE SUM (AS) COMBINATION. »

o OPTIMUM DESIGN BASIS

THE CASE HAS BEEN PRESENTED THAT THE OPTIMUM BALANCE
BETWEEN STRENGTH AND DUCTILITY, AND BETWEEN STIFFRESS
UNDER DYNAMIC INERTIAL EFFECTS AND FLEXIBILITY T0
WITHSTAND THERMAL AND DISPLACEMENT EFFECT IS BETTER
ACHIEVED THROUGH THE USE OF SRSS COMBINATION OF
DYNAMIC RESPONSE RATHER THAN AS COMBINATION.

o DY RGIN BA

IT HAS BEEN SHOWN THAT THE RATIO BETWEEN THE DYNAMIC
VERSUS STATIC MARGIN TO FAILURE 1S GENERALLY SUFFICIENT
SO THAT THERE IS A GREATER DYNAMIC MARGIN AGAINST
FAILURE FOR STRUCTURES DESIGNED FOR SRSS COMBINED
DYNAMIC RESPONSES THAN THE STATIC MARGIN.

o STATISTICAL BASIS

THE STATISTICAL BASIS FOR THE SRSS METHOD IS THAT THE
SRSS COMBINED PEAK RESPONSE SHOULD HAVE AT LEAST AS
GREAT A NON-EXCEEDANCE PROBABILITY AS THE INDIVIDUAL
RESPONSES BEING COMBINED. THIS MIGHT BE CALLED THE
RISK-IN EQUALS RISK-OUT PRINCIPLE.
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BASIC ASSUNMPTION BEHIND CPITZRIA
FOR_SRSS_COMBINATION OF RESPONSES

« MANY SOURCES OF CONSERVATIS™ EXIST IN DESIGN AND
EVALUATION PROCESS.

« ADDITIONAL CONSERVATISM DOES NCT HAVE TO BE INCORPOR-
ATED WITHIN THE RESPONSE COV3INATION FROCESS.

o 1T 1S NOT NECESSARY FO® THE CIMBINED RESPONSE TO HAVE
A LOWER PROBABILITY OF EXCEEDANCE THAN THE INDIVIDUAL

RESPONSES.,
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CRITERIA 1 REQUIRZNMINTS:

+RESPONSE COMPONENTS FROM INDEPZNDENT EVENTS OR RALDOM
PHASING

«LIMITED NUMBER OF NEAR PEAK EXCURSION

NO “0ORE THAN 5 EXCEEDING 757 OF THE MAXIMUM, OR
NO MORE THAN 10 EXCEEDING 607 OF THE MAXINMUM

ol IMITED DURATION
10 SECCMNDS OR LESS

oAPPROYIMATELY ZERD NMEAN

90012248
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JUSTIFICATION OF CRITERION. 1

LCRITERION 1 1S WTENDED TO ASSURE THAT RESPONSE 1S
EARTHAUAKE-LIKE

« FOR CERTAIN STATIONARY STOCHASTIC PROCESSES THE
o203ABILITY OF EXCEEDANCE OF SRSS CPVBINED RESPO!ISE
CAN BE SHOWN TO BE EQUAL T0 THE PROBARILITY OF EX-
CEEDANCE OF THE I1%DIVIDUAL RESPOMSES

P[D\ < D'S:‘SSB'} = ¥4%
-»

« EARTHAUAKE-LIKE RESPONSES HAVE REEN SHOWN TO BE
REASONABLY APPROXIMATED AS STATICHARY STOCHASTIC
PROCESSES AND CAN BE EVEN BzT7ER APPROXIMATED AS
NON-STATIONARY PROCESSES

/FOR HON-STATIONARY PROCESSES:
P[R <R > 84 (
[R<PRsrssg, | D

«EARTHOUAKE-LIKE RESPONSE EXPECTED TN MEET ENUATION 1

« EARTHOUAKE-LIKE RESPONSE REQUIRES LESS NEAR-MAX, PEAKS
(MORE NON-STATIONARY) THAN FOR EARTHNUAKE RESPONSE,
APPROXIMATELY ZERO MEAN, AND RANDOY PHASING

- RANDOM PHASING AUTOMATICALLY ACHIEVED BY RANDOM START

TIME. TO BE CONSIDERED RANDOM, RELATIVE START TIMES

MUST BE CONSIDERED UNKNOWY WITHIN A TIME INTERVAL GREATER
THAN ABOUT 2 TO § TIMES THE NATURAL PERIOD OF THE STRUCTURE

90012249
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POOR ORIGHAL

CRITERION 2

Repss = SPSS COMBINED RESPONSE WHERE EACH 1%DIVIDUAL
&4 RESPONSE HAS BEEN DEFIMED CONSERVATIVELY AT
84TH PERCENTILE OR FeMEDIAN,

Ry = BANDOM TIME PHASE COMBINED RESPONSE WHERE
84 ALL AMPLITUDES DEFINED AT 84TH PERCENTILE.
R = CO¥BINED RESPONSE CONSIDERING BOTH BANDIM

AYPLITUDZ AND TIMZ PHASING.

GOAL OF SPSS_CORINATINY

P [RSRSRSS:J z 847 (1)

CRITERIQN 2 REQUIREMENT

PR, <R 2 501 )
[Frgy = Rsrssgy)* 2 :

PRy € 1.2 Ropec, |2 857 3
[ Frg S 3)
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JUSTIFICATION O CRITZRI0N 2

— e —

THE GOAL OF SRSS COMBINATION (EQU. 1) CAN BE MAT-IMATICALLY
PROVEN FOR CERTAIN INDEPENDENT STOCHASTIC INPUT FORCING FUNCTIONS.
FOR REAL EARTHQUAKE TIME WISTORIES IT =35 BIIN DIMONSTRATED THAT
EQUATIONS (1), (2), ARE MET.

JUDGED THAT MEETING EQUATIONS (2) AND (3) ARE SUFFICIENT TO
REASONABLY ASSURZ EQUATION (1) 1S REASONABLY MET. THIS JUDGEMENT
1S BOLSTERED BY APPROXIMATE, SIMPLIFIED, MATHIMATICAL DEVELOPMENT.

ZFORMED TO DZMONSTRATE THAT CASES
) AND (3)) DO MZET GOAL (EQU. 1)

DEMONSTRATION ANALYSES WZRE F:
MEETING CRITERION 2 (EQUATIONS
WHEN:

"~ ('

AR

o
i

84
* Reer

1.05€F =1.2
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s oo POOR ORIGINAL

The intent of the %z ari-¥or idy Uriteria Tor SRSS combination

of transient responses is to provide re2scr:ple conficence that a rinei-
coedance probability of approai-ztely &2 Lzrcent 9s echieved Tor the iak

corbined response,

moortant issues studisd:

> 3 Criterion 2 provides high
confidznze that 2pp-oximately the 5255 cobined response
a-hisves a nonaaceedaznce probzbility of approximately 84

nzecent or grezater. 1t has alrzady been demonstrated that
=sx4ing Criterion 1 provides high conficznce that Criterion

~z

2 would also be met. Thzreforz, the Zzzonstiration bolsters

the confidence in both Criterion 1 and 2.

2. To more accurately spacify th2 rejuired lzvel of conserva-
i for indivicuial respornses being combined (i.e.,
in the reguirzment that the individual responses be speci-
fied at approximately the E3th percentile or 2t F times the
median level, it is czsired to ceztermine the nzcessary
value for F).

90012259
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Only cas2s in which the absolute sum (AS) co-dinad risponse

exceeded the 52SS cu-birnzd rasporse by mo~3 4han 25 ssrcant

wzre consides £

w2s lzss than th

comdination versus 27 AS foiination was not very
3

signifizant, z~d th2% such c2s25 e2re N0t very interesting.

*hrpe cases sh0u14 Se unes Tor which the tire phase COF
curve rarginally passes the first part of Criterion 2,

§.0, . the tire prase AP For the L2587 yzlue should “ie

hetueen 0.8 and 0.5,

~hree czses should bz ones “or »hich the time phase ZDF
curve rarginally -2sses the s2iond pert of Lrf
ij.e., the time phase only NP for 1.2 tines 82355 shogld

lie as close to 85 percent as possibiz.

One case should be a three resperse comdinetion case.
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CUMULARTIVE DISTRIBUTION FUNCTION
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CUMULRTIVE DISIRIBUTION FUNCTION

0. 60

PROGIB LT
0. 40

FIGURE 2-56 CASE 3: RHR-WITWFLL OBL + SEVEUB Ma (POSITIVE)
INFLUERCE OF SHAPL OF RMPLITUDE
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POGR ORIGMAL

CUMULATIVE DISTRIBUTION FUNCTID
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TARLE 2-3.

RESULTS OF INCREASED DISPTRSION OF RANDOM AMPLITHDE
SCALT FACTOR WHEN INDIVIDUAL RESPONSES ARE DET INED
AT 84% HNEP

NEP PO SRSS VALUE WITH RANDOM AMPL4TUDE

[

(

CASE SIGN | SRSS izsass @ a1 | s-12 | = .3
» + “ 0.40 | 0.9 _ b7ee _..-,_E 0.81 :F 0.82
| S RO RN BRSBTS
l 2 + | 0.6 .00 i 0.80 | 0.85 0.85 |
| - 0.6 1.0 Lo 0.8 { 0.82
' i + “ 0.54 | 0.95 -(—)_.‘7? ‘ 0.82 0.87
i g ﬂ 0.74 .90 0.86 ; 0.86 ' 0.87
i * + % 0.70 f 0.91 ;;;:i”bt%g:ﬁ i 0.86 E 0.89
3 - 0.9 __0.99 0% 0.9 | 0.92
; : + q 0.74 j 0.91 ‘ 0.86 0.98 : 0.88
: - } 0.94 : 0.93 0.96 0.93 : 0.93
5 g + d 0.73 i 0.96 = ujn}j— - ‘ 9.90 0.90
'l . 1; 0.97 L 1,00 i 0.96 093 | 0.91
i |

v

* Unaccepably Low NCP

VNS0



TARBLE 2-4. RESULTS OF LOW DISPERSION OF THE RANDOM AMPLITUDE
SCALT TACTOR WHEN [NDIVIDUAL RESPONSES ART DETINGD
AT THE B4~ NFP OR F TIMCS THLIR MEDIAN, WHICACVER

IS GREATER

F=1.1 E F=1.1

SRSS, [ NEP SRS, |

14.18

i

i s o Ve e i R 1453

NEP SRSS

0.85 14,82 | 0.96  15.47

T

i
!

14.60 | 0.89 | 15.26

0.95 1 15.92

{ 8.918 | 0.95 | 9.373

q.066

|
!
i

8.67¢ 0.93

0.99 | 9.774

0.98 | 9.400

fome - -l —

S matas o

i s1.87 ! oy ! 54,22

.

}

el i et

= S

49.02 | 0.89 | 5i.a |
SRS SEESSHPES SIS S S INE! PRI, S ot
21.61 | 0.77% 22.59 | 0.AR | 23.57
SRS EE TEESEETEELE, TR PR

22.99 | 0.96 24.04

|

0.89 ' 56.%%

0.93 |53.47

0.99 i 25.08

———

21.39 | 0.83 | 22.36 | 0.89 [23.33

e

-

i
{

22.62 | 0.95 | 23.64

0.98 ;24.67

21.38 0.87 ' 22.36

S R ML N e

Tt

D

—~—

24.78 l 0.93 | 25.90
| i

0.92 23.33 ' 0.9%
IR e ] o
' 0.98 ! 27.02

A

0,

(SRGURS ] NSV, PRI II— -

car.is | 0.79% 4929

0.56

id

F=14 . F =

e ——

%

0.98 12.89 | D.74% 13.48

cne KL y c |
:)‘l.l SD {_ ht'»- SRSj) 3

16.06

v - — -

13.27 0.77* 13.867

- 14.48

| ——— i | S——

.00 - 8,107 . 0.80  B.475

8.844

FREE R

7.884 | 0.78% B.242

8.600

51.44

Y .

A4.%6 . (.86 46.58

48,61

 P— - — —— ‘

19.64 | 0.82 ?20.54

R e b T ——

20.90 | '0.94  2i.85

22.80

19.44 | '0.86 1 20.33

21.21

——
——

' 0.96 ~21.49

i
i
!
A

22.43

! N

iﬂ.@d . 0.84 | 20.32

- 21.20

-—— —

22.52 0.96 | 23.55
i

24.57
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*The worst case ¢

Facior of Conservatism pro—e———r
on Median Pecponse, F

MEY Yo% FOSSIBLE RLTIO OF E&5 TN i08%08 FETEASILITY PIAK
CU™ai%il PiSPONSE TO SHRS CO¥3ihzl FEIS~0N52 FOR ANY [ASE WHICH
CAN PASS CRITERION 2 AS A roNCTION 0F AMPUITUDE DISPIRSION AND

FACTOR F.
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JUSTISICATION OF CRITZRION 1 fcan'y.)

JUSTIFICATION OF CRITERION 1 CONSIDERABLY BOLSTERED BY
FACT THAT OUT OF 235 MARK 11 RESPONSE CO"BINATIONS
WHICH MEET CRITERION 1, 1007 OF CASES (ALL 235) ALSO

MET CRITERION 2

SuMEETING CRITERION 1 PROVIDES HIGH CONFIDENCE
THAT CRITERION 2 WOULD BE ET

pOUR ORIGINAL

90012269



REVISED CRITERION 1

Dynamic or transient responses of structures, components, and
equipment arising from combinations of dynamic loading or motions may be
combined by SRSS providad that each of the dynamic inputs or responses
has characteristics similar to those of earthquake ground motions, and
that the individual component inputs can be considered to be relatively
uncorrelated. This similarity involves a limited number of peaks of
force or acceleration, with approximately zero mean.

® UNCORRELATED OR RANDOM START TIME

————

® NEAR ZERO MEAN

® ANY_OF THE FOLLOWING:
1) RESPONSES
ALL ..TEJ_ < 0.08 A'D TZi < 0.2
T T
2) 1npur (LoAD)
al 5 < 0 w5 < 001
aT a7
%) RESPONSES
Tn\c o, (J5) < 0w
8 fe T /.
: . 0012270
s (T7s /Z(RTS/LT)? TENRS

e ' s

\// 12:1 (P"‘ ) 1
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Rozs *
~0.75]Rm! . S i reemins e
LU .- 89501lute maximum response
f ¢ >oumes PRI AL &
R
™

m
po
0
44

D
i
(%]
o
1

Tazs ~ Zti:e that response

7-75 =Ztire that response less than R_75

: | =
75 Z'larger of T+75 or T_75
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FIGURE 1: Definition of Notation
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FOAV BN Any 11ALE ) ’f‘t‘ u? "WH’H\U

27/ £ 0,36  FOR SRSS (OMBINATION
max

REQUIREMENT OF CRITERION |

e RESPONSE HAS MEAN ZERO CENTERED
IF NORMALLY DISTRIBUTED :

Qx'-'mc,-O/

IF & =0.36 Rmax
_ Ry _[Rx i . [ R«
s a (R.w) 0.36 h?m,) (2.7€)

s FOR  Rso/Rmax =50 —» £, =139 — P[—Eﬁ; >0.50J=O.06’2

-'—50 i
AT < 0.0%

FOR  Ris/Rmax = 0.75 — F, = 2.08 — P[B2= >075)= 0019

Tss

— |2 < 0 02
AT

90012272

DERIVATION OF NEW CRITERION 1
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LA3FS SELECIED FOR SRSS DEAONSTRATION STUDIES:

MAIN SIEAY - 46 | - SRSS 2 MOMENT AT A -- ORE + SRVEDG

MAIN STEAM - 46 | - SRSS 2 MOMENT AT C -- OBE + SRVBDG

RHR WEIWELL - 11 - SRSS 1 -- OBE + SRVBUB

L1MMER PLnNT - CONTAINYZNT WALL AT

DRYWELL FLOOR E’:’Q.'J% -= OBE (NS) + SRV (ALL)
ZIMMER PLANT - CONTAIN“ENT WALL AT

DRYWELL FLO2R FLEVAT] 61 - 03t

(EX) + SRV (ALL)
LASALLE - I CUNTAINYINT WALL AT

DRYWELL FLOZR ELEVATION -- OBE (NS) + SRV (4DS)
+ CHUG (30H2)

90012274
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CASE i
NO. 1 2 3 4 5 6
RE : _
SPONSE Tso | s [Tso [ Trs | Tso | Tis | Tso | Tis FTso | Tas ) Tso | T7.
NO. AT AT AT AT AT AT AT AT AT AT AT e |
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CONCLUSIONS

o RECENT SUPPORTIVE MK 11/6.E. EFFORTS HAVE CONFIRMED
THAT NEWMARK/KENNEDY CRITERION 2 REPRESENTS A
CONSERVATIVE BASIS FOR JUDGING THE ACCEPTABILITY
FOR THE SRSS COMBINATION OF RESPONSES.

e PREVIOUS STUDIES USING REAL MK I1 RESPONSE TIME
HISTORIES HAVE DEMONSTRATED THAT THE NEWMARK/
KENNEDY CRITERION 1 1S MORE CONSERVATIVE THAN
CRITERION 2. MEETING CRITERION 1 PROVIDES
GOOD ASSURANCE OF MEETING CRITERION 2 FOR THE
TYPES OF DYNAMIC LOADS EVALUATED IN THE MK 11
SRSS STUDY.

o RECENT FINDINGS HAVE INDICATED SOME POTENTIAL
AMBIGUTIES IN CRITERION 1 IF THE NEWMARK/KENNEDY
CRITERIA IS TO BE APPLIED AS A GENERIC STANDARD.
HOWEVER, N/K CRITERION 1 STILL REMAINS A CONSERVATIVE
JUSTIFIABLE BASIS FOR JUDGING THE ACCEPTABILITY OF
SRSS FOR THE TYPES OF LOADING COMBINATIONS CONSIDERED
IN THE MK I1 SRSS STUDY.
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