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COMBINING MODAL RESPONSES AND SPATIAL
COMPONENTS IN SEISMIC RESPONSE ANALYSIS
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where:

R, :[ii%aﬂ,aﬂj} (n

i=l j=1

Ry = combined periodic response for the ' component of seismic input motion (=1, 2,
3, for one vertical and two horizontal components),

£y = the modal correlation coefficient for modes i and j,

Rp, = periodic response or periodic component of a response of mode i,

Rp, = periodic response or periodic component of a response of mode j, and

n = number of modes considered in the combination of modal responses.
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O|FOf 7t TfO| AFBEQUTE SRSS o A2 UXE NRFII0N SEO| TEE|+&
22X 7 &g 4 OO, Damping ratio &=&9| M2} AMEO| 7hsst HAEE

Hr 2 MAISID AUSL Er.

£;=1.0 for 1=]
and
£5=0.0 for 1#]

and Equation | reduces to the following:

172
R, = [Z Rpf} )
=l

If modes with closely spaced frequencies exist, the SRSS method is not applicable, and one of the
two methods in Regulatory Positions C.1.1.2 and C.1.1.3 (below) should be used instead. The definition
of modes with closely spaced frequencies is a function of the critical damping ratio (Ref. 8, page 66):

(1) For critical damping ratios <2%, modes are considered closely spaced if the frequencies are
within 10% of each other (i.e.. for f;<f; fi< 1.1 f).

(2) For critical damping ratios =2%, modes are considered closely spaced if the frequencies are
within five times the critical damping ratio of each other (i.e., for f; < f; and 5% damping,
fi=1.25 f; for f; < f; and 10% damping, f; < 1.5 f).

0|2|0j = Rosenblueth Correlation Coefficient, Der Kiureghian Correlation Coefficient
SOl ohiet =g ar MetArof ciol FA[Stn ASLIC.
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Regions of a broad-banded A narrow banded A multiple narrow banded

[ f

SctAHEZ SEH0| CHSiAM AB 7t BC 7+7H CD TN e 22 He| &
7S Zof CHSt SEJZH0| UASI, DE 7740 CH3iAM = SZE3t 4R E9
HO| T2t F(ZPA) O|Z0A= ZAMBET X|HIE QI 7to 2 [LESHL|C

LY

HO| T2t M S E (Periodic) ST Zd(Rigid) SE0| Eete|0f LIEHLID, SHYE
M=ol REO|M BHAEIX| 2 ZEE2E0 CHsi M= Rigid response method 2
Gupta, Lindley-Yow method 2 7IX| Aoz Zd SE A+E Brdst= SH| Cfsh
HMAISED A& LICE Gupta method 2] 2% F f—’.‘—(Frequency) 7|8, Lindley-Yow
method 2| B% 7t5Z(Acceleration) 7|82 2 A5 1250 X BT, A
Y2 ot 1 JhseEL
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» rigid response coefficient a;

Na=0 : Periodic response
2)0<a; <1 : Periodic + Rigid response
3Na =1 : Rigid response
‘ Gupta method ‘ Lindley-Yowmethod
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, Static ZPA method & 3l O E|X| %2

mass method £ MA|S
H k= X8 SHS AMSEE @75t AESLCH

2Eaof o

Percentage Modal Effective Mass

MODE
NUMBER ™ T2 T3 R1 R2 R3
1 18.17% 0.00% 0.00% 0.00% 28.60% 57.92%
2 16.22% 0.00% 0.00% 0.00% 11.28% 1.56%
16 2.36% 3.08% 36.94% 0.05% 1.91% 0.67%
17 15.54% 0.43% 5.25% 0.01% 13.61% 5.48%
18 0.00% 8.48% 20.10% 13.29% 0.00% 0.00%
. TOTAL 84.08% 81.73% 87.01% 69.19% 654 80% 84.02%
Residual  15.02% 18.27% 12.99% 30.81% 35.20% 15.98%
Static - . . . .
zpA & Static Analysis = Residual mass percentage x ZPA (Zero Period Acceleration)
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£3|, 7| & Periodic(3%) SEH1 Rigid(Zdd) SEO Ciat =20 Cis 1.5 &

Complete Solution for Response Spectrum Analysis A HA|StD Q2T midas NFX
OlMe ZE P70 CHal AL M MEfof| et X522 XSt s Folst

UgLIL.

» Complete Combination Method (Gupta, Lindley-Yow, Missing mass)

Sl Rigid Response method (Gupta, Lindley-Yow)
e 472

where n = number of modes below fips

Complete Combination method
Analysis Result
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