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p fbstract
A naw technique fov generating spectrum compatible egrthquake accelerogranm is presented,

Simpliefied linearised schemes are used to determine the weights of the modulated sinewaves
used to represent the grownd acceleration in conformlty with the instants of time of
attaining the maximum responses of the SDOFs, Some typical numerical results are pregented
in the pever,
1, Introduction

For the seismic design of a nuclear power plant wgrranting a high degree of safety the
besie input should be known with a reasonable degree of accuracy, The response spectrum
method 1s well known to legd to overconservative designs, Further, theoretical analyses and
actual ohservations have evinced the need for the details of the input motion for predicting

dynamic response to gnd damage potentlal of an earthqueke ground motion, Even if the
response spectrum method were chosen for deslgn and analysis, the time history of the ground
motion has to be obtained for obtaining the flcor response spectra since usuglly, only ground
response spectrum is available es an input,

Several methods of generating artificial time-hintory of earthqueke ground motion have
besn proposed | 1-5],

The eavlier practice of 'guiteble moddifying' n vacorded accelarogram to obtaln the
Aesived time-history has been abandonedl and one of the cwrrently used procedure is to obtain
a sproified design-vesponse-apectium (SPRS) competible eccolevogram (S5CA)e The SCh, apart
from matehing the tavget vesponse spectrum showld satisf{y the following constreints erising
ot of the meismotechtonic features of the aite, vig, (L) pesk ground acceleration, (ii)
total durakion, (131) time dependent enveloping functions defining the rise time to strong
motion, duration of significant sheking and decay of the strong motion and (iv) rate of zoro

orossings.,

Dasically, the methole for generating SCA can be divided in two classes, In one, a
rafevence accelercgrem 18 choasn gnd. the Fourier Amplitude Spectrum (FAS) 1s suitably altered
{1-2] such that the time-history gencvated xespense spectrum (TIES) closely matches the SDE3,
Smveral verlations are pessible to glter the FAS, vim, (1) scaling the entire FAS up or down
or (1i) sceling the FAS locally vhere the matehing 1s not good, It mey be noted that in
1linear scaling of the FAS beth the real and imoginary parts of the fourier spectrum at any
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A £lyen frequeney ace multiplied hy the same consbant and. thug, the phase chgraoteristios of

the chosen actelerogtam ale PUOAATVEd,

Tn n racond yariaticn of thig method based on a reference ascelerogram one wses a
filter in oanc the THHS 18 vexry rmoh shove the SPNS end add a damped sinusoid in ocase the
TIMS falls holow the SPRS, However, this process of local soaling altexs the phase
relationehip of the refervence acceleromram.

In the sscord olass of mathods [}-5_‘] no reference aoocelerogram is used as such but
tha groumd aeoeleration im assumod %0 1o represented by a superposition of sultably
molulated sinveold vith sn aspvend phase relationehip among the various frequency compo-
nents, The grozn charpoteristies of the eavthqueke ground motion are represented either
in texms of en envelope time fumetion ]: 3,4] or the phase differences distribution r 5:]
baned on ground motion parameters,

Then generation of a SCA involves the computation of the N weights (G;)) of various
modes in the pssumed form of the ground gcceleration when the SDRS is sampled at N points.

The present method desoribed in this paper differ from others in basically two
aspeots,

(1) The speotral values ave explicitly used at each stage of computation and, (11)
the instents of time (T‘_) to attain the peak response are sotually evaluated in conformity

with the 04 ‘g rether then being chosen as rendom numbers,

The total formulation of the 2N non-linesr equations mvglvh_ns GJ (3=1,2,n) and
Ty (1=152y00en) 19 given, However, omly the linear iterative methods of solution are

presented in this paper,

Some semple osse studlies are presented to show the efficacy of this mothod where a
well known method [ 4] has failed to converge after several iterations, Next, a realistic
SDRS is taken as the input and the carresponding time-history is shown,

2, Theory
2,1 Anglysis of a SDOP System
The equation of motion of a single-degree-of-freedom (SDOF) system subjected to a

base goosleration excitation ('z's) is
%ok 280X 0o A= —-EEU (1)

where &= K/m  and S = C/(Z Lm)
Aseuming zero initial conditions, the fingl solutions is glven by the following Duhamel's

e e [ P [ 0] H (0 .
D= w(- &)"2
If the base excitation is expressed as a modulated sine wave i.e,
Zy= (& gPE)sin(nt-4) )
then the displacement response (x) cen be written as
x = I cos¢p+T,8in¢ (4)

where
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& Ik— (e Ak+ep"'Bk)cos(flt)+ (€*t¢, +EPlDy )sin (L)
“F [Epeos@)+Fesin @E)] 5 k=2 5)

2.2 Generation of SCA
The earthquake ground acceleration is ohosen to be of the following form

-—OUI‘,' —ﬁt ;‘ . el .
(e -e )J;‘, G; sin (425 ¢ ‘é;') 6)
Then the xesponse (yi (t)) of the SDOF having an wmdemped natural frequenoy a)t and damping
faotor 5 will be given vy

¥ ©)= Z G; [Pyij (t)cos (85) + B (E) sin ()] 1)

wheyrn vi(t) w1l bﬁ yl, x‘ and i for displacement, vslooity and acoelergtion responese
ynapeatively, (orrvespondingly, rki,j will be Ild.,j' Iktd and Ikij respectively, The
marimm xenponse of the ith syatem to the excitation glven by equation (6) will be attained
at a time (Ti) when

¥: ()= z G [P“ () s () + By (0)sin@iJ]=0 ®

In ortdﬂr thet tha aroelerogram, equation (6) is oompatible with the SDRS the following
eqwations migt be satj.afied.

I > [ Peij (o) ces (‘/J) + F’,U (T )sin (¢J)J ’ Yi=tL,8. )
Rqnations (e) and, (9) pravide the 2N nonwlinear equations to solve for the 2N unknowns G
and Ti (Ly3 » 1,N), lowever, a simplified linear scheme of solution is presented in this
DPaper,

2,3 Desgcription of the Numericgl Methods
The instants of time (Ti) for maximum response are solved from the set of equations

(8). In one scheme, this is achieved by setting the characteristic determinant equal to
zero and these values of Ti are used to obtain the Gd's from

Y () = S3n S (10)

where sgn 1s chosen s + 1,

In enother scheme, T,'s are first sclved from equation (8) for an assumed set of
values of GJ which is then updated by equation (10) using the oaloulated T,'s. The
iterations are continued till a converged solution oconsistent with the constrainte is
obtained,

2,4 Nuperiosl nalysis

The seoond mathod is similar to the Levy-Wilkinson (IW) method 4 with the difference
that the spectral values are explioitly used in each iteration for evaluation of the
weights G,'s, It is observed from various numericel studies that the (LW) method falls to
converge particularly when the 1aamp10d. frequencles (@ :|.) on the SDRS are different from
the frequencies ('Qi) appearihg in the expression for the ground acceleration, This is
1llustrated by a simple example, A test spectrum (SDRS) was generated for

%g= Sin Z—%‘? + Si-n‘%_t )
and was sempled at 10 points for 5 = 0,02, It was intended to generate Xg =

'z ' t 0 ]
G, sin 2.%'_{'_,_ G, Sin 4_'1(_1;5 1.6, to caloulate G, and G, such that it is compatibl
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Awith the above mentioned SDRS, Results of a 10 point matohing by LW method are shown in
Tgble-I, For brevity, results upto 5 iterations are only showmn; aotually they are worse
in subsequent itergtions, The present scheme however, converged to the expected solution
(1.e. G =G, = 1) in two iterations starting from the same assumed values of G, as used
in the LW method.

Wext, a typleal realistio SDRS (Flg.1) 1a chosen for generating a SCA, A comparison
of th® SDRS and THRS is shown in Table-II and the computed acceleration history is shown
in Fig.2.

3+ Disoussion
The formilation of the nonlineasr problem is exact and the method by iteelf is non-

jtevative, The simplified linear solarw of solution presented in this peper is an improve-
ment over som® of the exlating methods since the equality of the spectral values of SDRS
end. TIRS 13 explicit and time for attalnment of the maximm response is aotually caloulated
rather than being chosen as a rendem number,
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TABLE ~ I

Results of SCA Generation by LW Method

10

’

({=1, 10) 5 8= 002

S1. Speolfied values Computed Values of /vm/
Yo, of velod ty
speotrum after 1 iteragtion after 3 iterations after 5 iterations
1 0,3148R + 01 ,2604E + (2 0,8345E + Ot 0,152 + 02
2 0,3190E + O1 26448 + 2 0.8493E + O 0.1565E + 2
3 0.3431E + 01 « 27438 + C2 0,7585E + O1 0,1265E + 2
4 0,5103E + O1 «3246E + 2 0,8211E + O1 0.1463E + 2
5 0, T884E + Of «41446E+ 2 0., 8479E + O1 0.1489E + 02
6 0, 173(E + 2 +95296E + @ 0,9114E + O1 0,1602E + 2
7 O, 117TE + 2 +4306E + 02 0,6842E + Ot 0,1572E + 02
8 0,66148 + O1 026338 + 2 0,8054E + O1 0,1466E + 2
9 0,558(E + O1 «2468E + 02 0,8228E + 01 0,1454E + @
10 0,5574E + O1 +286CE + (2 0,8652E + 01 0,1502E + O2
TABLE - IT
Comparison of SDRS and THRS 10 Point
Matching of Accelexation Response Spectrum

s1, Frequency, £, Speciral Acceleration (g)

Ko, (Hz) SDRS ~ THRS
1 33633 0,2400 0,2442
2 22,72 0.7785 0.7794
3 15635 1,0080 1,0070
4 10,37 1.,0080 1,0110
5 700 1,0080 1,0070
6 4.73 1,0080 1,0050
7 3620 1,0080 0,9954
8 2,16 0,7945 0. 7715
9 1446 0.5708 0,5360

10 0,99 04101 003669

_()_J =] J = 21TfJ-
o= 0123 F’: 055 3=0102
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FIG.2 : GENERATED ACCELEROGRAM
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