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BASES FOR SRSS'

e RELIABILITY BASIS

IT HAS BEEN SHOWN THAT THE USOF SRSS COMBINATION OF

PEAK RESPONSES IN DESIGN DOESIGNIFICANTLY ALTER THE

RELIABILITY OF STRUCTURAL COMPONENTS FROM THAT OBTAINED
THROUGH THE USE OF ABSOLUTE SUM (AS) COMBINATION.

'

e OPTIMUM DESIGN BASIS

THE CASE HAS BEEN PRESENTED THAT THE OPTIMUM BALANCE
|

BETWEEN STREN6TH AND DUCTILITY, AND BETWEEN STIFFNESS |

UNDER DYNAMIC INERTIAL EFFECTS AND FLEX 1BILITY TO
WITHSTAND THERMAL AND DISPLACEMENT EFFECT IS BETTER

1

'. '

ACHIEVED THROUGH THE USE OF SRSS COMBINATION OF
.

DYNAMIC RESPONSE RATHER THAN AS COMBINATION. :

|

s DYNAMIC MARGIN BASIS
'

IT HAS BEEN SHOWN THAT THE RATIO BETWEEN THE DYNAMIC-

VERSUS STATIC MARGIN TO FAILURE IS GENERALLY SUFFICIENT
S0 THAT THERE IS A GREATER DYNAMIC MARGIN AGAINST
FAILURE FOR STRUCTURES DESIGNED FOR SRSS COMBINED
DYNAMIC RESPONSES THAN THE STATIC MARGIN.

|

e STATISTICAL BASIS
1

THE STATISTICAL BASIS FOR THE SRSS METHOD IS THAT THE|

SRSS COMBINED PEAK RESPONSE SHOULD HAVE AT LEAST AS |
l

GREAT A NON-EXCEEDANCE PROBABILITY AS THE INDIVIDUAL
RESPONSES BEING COMBINED. THIS MIGHT BE CALLED THE

RISK-IN EQUALS RISK-0UT PRINCIPLE.
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,

MANY SOURCES OF CONSERVATISM EXIST IN DESIGN AND-

EVALUATION PROCESS.
,

ADDITIONAL CONSERVATISM DOES NOT HAVE TO BE INCORPOR--

ATED WITHIN THE RESPONSE C0.31NAT10N PROCESS.9
1

IT IS NOT NECESSARY FOR THE COMBINED RESPONSE TO HAVE
i~

-

A LOWER PRO 3 ABILITY OF EXCEEDANCE THAN THE INDIVIDUAL

RESPONSES. |
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RESPONSE COMP 0iiENTS FROM INDEPENDENT EVENTS OR RA!lDOM
PHASl!1G

'

LIMITED iluMBER OF NEAR PEAK EXCURSION
I
.

NO MORE THAtl 5 EXCEEDING 75% OF THE MAXIMUM, OR |

NO MORE THAN 10 EXCEEDING 60% OF THE MAXIMUM-

LIMITED DURATION

;

10 SECONDS OR LESS' .

APPROX 1MATELY ZERO MEAN

.
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. CRITERION 1 IS INTENDED TO ASSURE THAT RESPONSE IS
EARTHQUAKE-LIKE

FOR CERTAIN STATIONARY STOCHASTIC PROCESSES THE'

PR03 ABILITY OF EXCEEDANCE OF SRSS COMBl'1ED RESPONSE
.

CAN BE SHOWN TO BE EQUAL TO THE PROBABILITY OF EX-
CEEDANCE OF THE INDIVIDUAL RESP 0'!SES

'

= M.P R < R ggg3 #_3

EARTH')UAKE-LIKE RESPONSES HAVE BEEN SHONN TO BE'-

REASONABLY APPROXIP.ATED AS STATIONARY STOCHASTIC.

PROCESSES At1D CAN BE EVEN BETTER APPROXIMATED AS
NON-STATIONARY PROCESSES

.

FOR NON-STAT 10 NARY PROCESSES: ;

(l} i
P
R<RSRSS84

EARTHQUAKE-LIKE RESPONSE EXPECTED TO MEET EQUATION 1
'

1

EARTHOUAKE-LIKE RESPONSE REQUIRES LESS NEAR-MAX. PEAKS
(MORE NON-STATIONARY) THAN FOR EARTHnUAKE 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 WlTHIN A TIME INTERVAL GREATER
I

'

'

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

R ' '

SRSS84 RESPONSE HAS BEEN DEFINED CONSERVATIVELY AT >

84TH PERCENTILE OR F MEDIAN.
,

R = RANDOM TlHE PHASE COMBINED RESPONSE 'JHERE
T84 ALL AMPLITUDES DEFINED AT 84TH PERCENTILE.

'

R~ = COMBINED RESPONSE CONSIDERING BOTH RL.NDDM
'

AMPLITUDE AND TIME PHASING.

' '

GOAL OF SRSS_ COMBINATION
, ,

P RsR z 84% (1)
3933gq

CRilERL0fL2 REQU1RBELI i-

5RP RTg SRSS84
"

.

'

8,

P ~ R R a85% (3)
T84 SRSSgg

-

9

+

90012256
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- JUSTIFICATION 0: CRITERION 2

1. THE G0AL OF SP.SS COMBINATION (EQU. 1) CAN BE MATFE",ATICALLY

PROVEN FOR CERTAIN INDEPENDENT STOCHASTIC I .?UT FORCING FUNCTIONS.
.

s

2. FOR REAL EARTHQUAKE TIME HISTORIES IT HAS 3EEN DEMONSTRATED THAT

EQUATIONS (1), (2), ARE MET.

'

. 3. JUDGED THAT MEETING EQUATIONS (2) AND (3) ARE SUFFICIENT TO

REASONABLYASSUREEQUATION(1)ISREASONABLYMET. THIS JUDGEMENT

'IS BOLSTERED BY APPR0XIMATE, SIMPLIFIED,IE MEMATICAL DEVELOPMENT.

-
.

4. DEMONSTRATION ANALYSES WERE PERFCRMED TO DEMONSTRATE THAT CASES
,

MEETING CRITERION 2 (EQUATIONS (2) AMD (3)) DO MEET GOAL (EQU.1)

WHEN:
.

.

E
84%

R'.
= 4 or

84
FR

50( .

,
,

.

1.05 s F s 1.2
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The intent of the *:e.c'Srt-KYMdy Criteria for SRSS co,r.bination
'

of transient responses is to provide riesonSble confidence that a p;nex-
ceedence probability of 6pproxi .etely 84 percent is achieved for the : sal
combined response.

,.

u a

.Important issues studied:

.

1. To demonstate that mesting Criterion 2 provides high
-

cor.fidence that app-oximately the 52.55 combined response
a:hieves a r,anexceeden:e probability of approximately 84 ,-

percent or greater. It has already been demonstrated that
,

meeting Criterion 1 provides high confidence that Criterion
2 would also be met. Therefore, the demonstration bolsters

the confidence in both Criterion 1 and 2.
.

2. To rare accurately specify the re; aired level of conserva-~

tism for individ;al responses being combined (i.e.,

in the requirement that the individual responses be speci-

.
fied at approximately the S*th percentile or at F times the
median level, it is desired to determine the necessary

value for F).
.

940012259
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l1. Only cases in bich the absolute sn (AS) co .bined re ponse
1

2exceeded the 5RSS co bi .ed response by no e it.an 25 ;arcent |

were considered. It was judged that #.en the differs,ce |
|

was less than this acomt then the i ;.a:t of using an SP.55
-

combir.ation ve-sus an n.-d co m r.ation was not very .

t . '.

1

Isignifi:3,t, a .d t'.at s i:h cases -are not very interesting.

2. Three cases shou'.d be ones for ).hich the tir.e phase :DF

cur,e r.argir. ally passes the first rart of Criterion ?,
i .e. , the tire cha se !.E:' for t'.e 5. 55 value st ould ie- %

between 0.a and C.5.

,

3. Three cases should be ones or which the tire phase :DF

curve r.arginall) as t.es the se:7.d pcrt of Criterior 2,

i.e. , the time phase only NEP for 1.2 tin.es SP.55 sh:uid
lie as close to 85 percent as possible.

4. One case should be a three response cc .bination cass.'
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TA3LE 2-2. Rii';%E ?.47105 '3R STUDY C ASES

_ , _ _. . _ . _
_ _ _ _ . _ _ _ . _ _ . . . . - _ . . _ __=

.

TD'E PHASE 0%LY t;EP
- _ . _ . .-.__ ._ _ ..___ ,

CASE SIGt; AS/5R55 5455 1.2 # SRSS
_ . _ . . . .

.. ._ ._ - . . . . - - -_- . - - - - -.

+ 1.27 0.40 0.93
. _ _ _ . . _ _ . . . . - . --_

.- ._ .-- - - - . . - . . - - . ... -

3 '
- 1.26 0.47 l'. 0 .

, ,__
._ ._ . . _ . _. . _ . __ -.. - - . . - - - _.

+ 1.26 0.66 1.0 !
- - - ' - ' ~ - - ^ ~ ~ ~ ~ ~ ~

i-- - - ~

2
--

- 1.26 0. 61 1.0 !

_ _ _ __ _ _ _ _ _ . . . __ _ _ _ . ]
, ._

_ . . _ . _ _ . _

+ 1.23 0.54 0.95.

3 0.74 0.99 j1.35
|-

I 0.70 0.91
.-

_.
- _ . _ . . _ . . _ _ . . _ . .

+ 1.41
-

i :
-_ _ - . ,, __ .. __.__..._. _

4
1.37 0.90 C.99 , ,

. ... . . _ . _ _ . . _ _ _ _ - - - - - - - - . - - - - - - - - - - - , '-

;

+ 1.41 0.74 0.9

5
- ~~ --

- 1.38 0.94 ,.H'
-

- + 1.56 0.73 0.'96 |
,

6*

- 1.50 0.97 1.00
. .._. -

W

.
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TABLE 2-3. RESULTS Of INCREASED DISPERSION Or RAND 0M AMPLITilDE
' 5CALE FACTOR WilEN INDIVIDUAL RESPON5ES ARE DErlflED

AT 84% NEP
..

TIME PilASE ONLY, NEP NEP r0R SR55 VALUE WIT 11 RANDOM AMPi.iTUDE
.,

~

SRSS 1.251555 ] d l.1 6 - 1. 2 6 = i.3
CASE SIGN

j' 'O.81 0.82O.40 0.98 ! _. ..._0.74*. . . _ _- - -+ 3
p_ -

) 0 0.77* 0.81 0.84
- 0.47 1.00

y|f
. . . . _

i 0.80 0.85 : 0.85
!'I O.66 1.00+

'

I
2

,

O.61 1.00 F 0.78* 0.83
~

0.82' i

i ;'
d _ . _ _

! 0.87 :

| i

I 0.79* 0.82
,

I + 0.54 0.95
O

' !
3

O.86 ! 0.87 [- 0.74 0.99 9 0.86 '

; |_- _

+ 0.70 0.91 1 0.82 0.86 0.89 '(- -- |.4
- 0.90 0.99 O.94 0.93 0.92'

i

| 0.74 0.91 0.86 0.88 0.88i +

5 I!
- --

|!

!- - | 0.94 0.98 .i 0.96 0.93 0.93 '
1 1 i,-- _._

i

!
' ' j 0.84 0.90 i 0.90 %+ O.73 O.96 .

6 j;-
- g,

- 0.97 1.00 0 0.96 0.93 0.91 !.w | 11 1e
o'

' * Unaccepably Low NEP_

N =@'

~ e===,w
| 7 $

.
. t===3

' '*
i

. -
|

;
-

!
. - - - - - - - - - - - - - - - - - - - - - - - _ _ _ - - - - - _ _ _ _ _ _ _ _ - - - - _ _ . _ - _ _ _
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TABLE 2-4 RESilLTS OF LOW DISPERSI0t10F Tile RAtIDOM AMPlllllDE
SCALF FAC. TOR WilErl IflDIVIDUAL RESPONSES ARr arritlED
AT TIIE 84% NFP OR F TIMES Til[lR MEDIAN WillCHEVERg
IS GREATER

, ..

.. ;

i 4 - 1.0 A - 1.1 ;.

I! F - l.5 __ __ _ _ ___ _ - 1 .4 | F = 1.i5 F ='a.2 j ._ _ ' .: F - 1.1 I F = 1.15 F=
i .

;

; CASE SIGN { SR55 flEP ' SR55 Nfr SRSS NEP , SRSS0 0 g D
_" EP SRSS tiEP SR55 tiEP

|D ,
* - * * ,I Q f,

0.98 12.89 , D.74 i13.48 |0.81 14.06 0.90 '! 14.18 ' O.85 14.82 0.96 15.47i ____. j -_ - p ._ ___'_ ;+ -

!jj .i_
' ,

I - i 14.60 0.95 15.92 l.0 13.27 ! 'd.7/* 13.87 0.82 .14.48 0.92'

0.89|.15.26 ! __ ; _ : !__. ' 'i -

'
! 8.918 0.95 I 9.323 O.99 9.723 l'.00 8.107 !'.80 ; 8.475 !0.92 8.844 0.97 |

, +

! --! - - ---- - --- --i ---~'--I-----~-2 '
- - i

8.672 0.93 i 9.066 0.98 9.460 ! 1.00 7.884 '6.78*i8.242 ! 0.92 8.600 0.95
!' -

''
t

-

I
_ |_ _ . _._. ; ._ _ _ L .--._ j - |

' s-

[' I ! 51 .117 ! 0.85 i 54.22 0.89 ,56.58 0.95 47.15 .'6'. 7 9 * , 4 9. 2 9 O.84 51.44 0.90 i
' '

+

5 | 3 '
f i - ---- ! - - -- I - -- -- ,L -- - '

i-

- ,0'. 86 46.58 0.89 48.61 0.93
I

- i 49.07 1 0.89 5!.74 0.93 53.4/ , 0.99 44.56 :
'

i
1 , e i

I 21 .61 0.77*- 72.59 0.88 > 23.57 . 0.91 19.64 Y).82 20.54 !. 0.86 21.43 0.87+j
I i . _ _ . . _ _ _ , . __

. .4.

|
- f22.99 f25.08 0.99 70.90 .'d .'9 4 21.85 f0.950.96 74.04 0.99 22.80 0.9/ f1

f| 21.39 |0.83 22.36 0.89 23.33 0.91 19.44 'd .'8 6 l 20.33 0.88 f21.21
+

0.90 .

5 |-
!- -

'' g,

; ,

-

| 22.62 0.95 23.64 0.98 24.67 0.93 20.56 0.96|21.49 ' O.97 |22.43 0.u8 (- g
, _ ,

@ L + 21.38 0.87 i 72.36 0.92 j23.33 0.9b 19.44 i 0.84 20.32 f0.92 ; 21.20
0. 'f 4 |?po)

,,

0.98|25.90
6 -- - -; - - _.i -- -- _ ..i.

_ ,
-

' 24.78 0.98 27.02 1.00 22.52 0.96 23.55 0.99 24.57 1.00 g
& > a i g,

N * Unacceptably low NEP -''

b 'I d
* &i.

' g,
w|

.

_________ _________________-___-_______ - - _ __ _ _ _ - _ - _ _ _ _ - - - _ _ _ _ _ _ _ - - _ _ _ _ _ _ - _ _ _ - _ _ _ _ - _ - - _ _ _ _ _ _ _ - _ -.
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TABLE 3-3. Mu iM.'' PD551BL E P.L710 OF E ?; * '.".- D C i E'. t ," E ; E3 A31 * lT Y PE AK, .

CO'GlNED PiSPON5E TO SR55 CD'>53,ED 15;O' 5E FOR A?iY CASE 'WH]CH
CAN PASS CRITER10N 2 A5 A FU.'.CT10'. OF A*PLITU3E DISPERSION AND
FACTOR F.

-- - - - - - --
. . . . . . . . . . .

C
p'84

r.a x
P.m. . ,0 L. - 5:53 -- --

Factor of Conserv6tisr. - - - - - - - - - - - - - - - - - -- - - - -- -

c = 1.0 1.1 1.15 1.2 1.3on-Median Response, F_ . . . ._.. _ . - - -
- .- . . . - . . . _ , _ . . . ..___ .. ..

1.0 1.19' l.11 1.09 1.07 1.06 '-

.

l.1 1.03 1.11' 1.09 1.07 1.05

1.15 1.04 1.05 1.09* 1.07 1.06

1.2 0.99 1.02 1.04 1.07* 1.06

1. 3' O.92 0.94 0.95 C.99 1.06*

_ _ _ _ .. .-. . .. -. - - . . . . . . . . . . . . . _ . - . . _ .

. .

, The <<orst case d4smsior at a-i9 Pe a>.'nr ratio is ra xi-ire:.'
.
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JUSTIFICATION OF CRITER10'l 1 CONSIDEP, ABLY BOLSTERED BY-

FACT THAT 00T OF' 235 MARK 11 RESPONSE C0'iBINATIONS
.

NHICH MEET CRITERION 1,100% OF CASES.(ALL 235) ALS0-

MET CRITER10N 2 ,

'

MEETING CRITER10N 1 PROVIDES HIGH CONFIDENCE
:

'

THAT CRITERION 2 WOULD BE MET

,

>

% 4

e

O

90012269
.

G

k

- c - , . - . , , , ..,,,.-.--,,,,,-----.---,...-s - -- . , , , .



*
.

BE.qSED CRITEP,10N 1

Dynamic or transient responses of structures, components, and
equipment arising from combinations of dynamic loading or motions may be
combined by SRSS provided 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) RESPONSf3
.

T
ALL 50 - s 0.03 AND 75 s 0.02

tT tT

2) INPUT (LOAD 1

T T
ALL 50 s 0.0/4 AfD 75 s 0.01

AT AT
.

3) RFSPONSES

T /T_50_\s 0,08 , 75 \s 0.02

\ AT / e ( AT ),

900f2270
WHERE n*

= , E (R T/ 'T
LT7s m 75

'1*l 1
.

(L
e n

E(e),~/
i=1 *i\/
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R+75 *
0.75 R

m
1

A
v vv

R_,5 = ,

-0.75
R,I

-

absolute maximum responseg

E [-= T) .:--
,

m)

i

T+75 * [ time that response exceeds R+75
|

. .

-75"[timethatresponselessthanRT

-75 !,
i

T75 * larger of T+75 rT -75
.

|

A
'

|
-

'

i
I

90012271
T

2
*

.

T) y T2 ; AT = T)

.

FIGURE 1: Definition of I;otation
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% 0. 3 (2 FOR CRSS COMBINATION

4ar

RE Q u1RG M GMT OF CRITE RIo M i

RE S PON SE HAS MEAR ZERO CENTERED*

.,

IF NOR MALLY TISTRIBUTED *

-Px - d |Rx =

IF d = 0.56 Rmax

Ru =fRx $ [ Rx ? . :$x= d tRmn) 0.36 L Rmax) {2.78)
'- = *

!

RE-.'. FOR Rso/ R>,,ax =. 50 ~ [,o = I,39 ~ P| Rn,u > o.5{= 0.082

[5 5 o. o F>

FOR %s/Rmax = o.75 ~* f,g = 2.o8 ~ P k > o.75 = 0.oM-

,

T75, s o. o2
AT

90012272
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CASES SELECIEILEDLSRSS_ den 0NSi?AT10N SIUDIES2

.

MAIN 5fEAP - 46 1 - SRSS 2 MOMENT AT A -- OBE + SRVBDG
*

MAIN STEAM - 46 1 - SRSS 2 MDMENT AT C -- OBE + SRVBDG*

,

RHR WEfWELL - 11 - SRSS 1 -- OBE + SRVBUB !

*

!

ZIMMER PLANT - CONTAIN'ENT 'lALL AT*

DRYWELL FLO3R ELEVATION -- CBE (NS) + SRV (ALL),

ZIMMER PLANT - CONTAI.T1ENT WALL AT* '

DRYWELL FLO3R ELEVATION -- CBE (EW) + SRV (ALL)
, .

LASALLE - 1 CD.NTAi'':ENT WALL AT*
.

DRYWELL FLODR ELEVATION -- OBE (NS) + SRV ' ADS)
+ CHUG (30HZ)

.

O

9

90012274
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CASE
.a

i -
'

NO. 1 2 3 4 | 5 6-

l _

ONSE 50 -
T T T T T ;T T T T.,75- 50 75 50 75 50 75 50 75 SO 7

NO. AT AT AT AT AT AT AT AT AT AT AT YT' '

h 1 0.059 0.012 0.057 0.011 0.067 0.003 0.071 0.010 0.046 0.010 0.009 0.005
a
W

2 0.027 0.013 0.025 0.009 0.014 0.003 0.015 0.009 0.015 0.009 0.017 0.007g

3 / 0.004 0.0(

Effective
Time 0.032 0.013 0.030 0.009 0.031 0.003 0.057 0.010 0.038 0.010 0.012 0.0( 6
Ratio

-- _.. . - . . . - . . . . . . . - -. ... - . . . _ . . . =

N0. OF
PEAKS

O 75 $0 75 50 h 50 N
75 60 75 60 75ONSE

NO..--
S

--

er. ,

$ 1 8 5 9 5 7 1 5 1 |7 2 1 1

5
-

y $ 2 8 7 8 5 5 6 7 5 |7 5 7 | 5

CD
~

|'N 3 -

,.- 2 2

=_

cn
NEW CRITERION 1 [T50 ) s 0.08, [T75\<0.02

\ AT /,. \ AT j ,,

OLD CRITERION 1 N s 10, N 5 560 75
,
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CONCLUSIONS

e RECENT SUPPORTIVE MK II/G.E. EFFORTS HAVE CONFIRMED

THAT NEWMARK/ KENNEDY CRITER10N 2 REPRESENTS A

CONSERVATIVE BASIS FOR JUDGING THE ACCEPTABILITY ,

!
FOR THE SRSS COMBINATION OF RESPONSES.

'

e PREVIOUS STUDIES USING REAL MK 11 RESPONSE TIME .

HISTORIES HAVE DEMONSTRATED THAT THE NEWMARK/-

KENNEDY CRITER10N 1 IS MORE CONSERVATIVE THAN

CRITERION 2. MEETlHG CRITER10N 1 PROVIDES

GOOD ASSURANCE OF MEETING CRITER10N 2 FOR THE

TYPES OF DYNAMIC LOADS EVALUATED IN THE MK II
' -

SRSS STUDY.
-

e 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 REMAlllS A CONSERVATIVE

JUSTIFIABLE BASIS FOR JUDGlHG THE ACCEPTABILITY OF

SRSS FOR THE TYPES OF LOADING COMBINATIONS CONSIDERED

IN THE MK 11 SRSS STUDY.
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