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Abstract

Many mathods sre svailsble for determining tha seismic response of

structurss. The soalysis could be done either by the ,u‘,n"P::.um“.‘:m :
applying an ';P'”:i‘::: time history of the excitation. BRowever, the only uccpubhby
description of & & c event is ths site responss spactrs.

18 obtained from the Tesponse spectra. (1] pectrs. An appropriste time history

For linest sysrems, either charactsrization of the seismic event
ponlinear systems, there is generally no-choice-and a time history -.:: b‘:c;:r:;b::- For
{nvestigate the response. vad to

Spectral excitations are routinely decomposed for r

nonlinear structures. Different approaches are being u::;' ::.:‘::::g.:l’:‘t::. lingar and
The systsn's rasponse to each of the time histories is intended to be ccuserva ﬂultor:.u.
are, howevar, certain types of ponlinezrities for which & linear treacmsnt ma tive. Thare
servative. The paper shows that the nonlinear response could be many times y oot be con-
1inear rasponse in some syetems. This depends upon factors associated with g.utu- than the
and decomposition of the spsctrum as well as on the characteristics of the mn:“ th, shape,

This paper discussss the effects of diffevent acceptable time hu
spplied to & linesr aud a nonlinear system. The time histories have b.m,,u.:bth".:';‘ baen
spactral description of an earthquake event. The nonlinesr system is t :’-ﬂ 1 Tom a
to which & cubic hardening term has been added. aken as & linear one

The SIMEAR code has baen modified to decomp a given "
successive iterations, acceptable time functions are :mnt;d. "ﬂlzop:::rtf‘ domain,
saxisum response varistions that are obtained for excitation of a linear ua.:o't. on the
degras of fresdom systesm. .1t is shown that for some aystesm chsracteristics and time
decompositions, ths linear response ia grester than the nonlinesr response. In thes
the linear natural frequency is fevorably located fu the excitation .p.cu-;. ‘: s cases,
natural frequency is shiifted with respact to the excitation spectrum, the l'linu the
of ligecr and nonlinear respouse change. Under some conditions the n.m:u - “" magnitudes
comse eizably bigger than the linear response. It appears that this type of re sponse be—
characteristic is pu isible ouly for a oonlinssr system with a jump phenomens, 11':."::.

The cubic hardaning system thac ia investigated in
ons. Both have multiroot possibilities. Bogh‘;." j_;h;] paper ": 'n’l:-l:.:o a b!.‘l.:nur
cvitical composition to the exciting tima function msy 2lso affect the b type o
sponse. For thesa cases, certain qualificatioss would have to ba 1 ﬂ““’l poy m'!::z e
upder which the linsar solution 1s used as a comservative case for the maximum “c tions
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Spectral excitations sre routinely decomposad for real time integration of linesr amd
nonlinesr structutas. The decomposition to the time domsin is not unique and differest
rasponss aagnitudes can be obtained. Yor an elastic-plastic type of noulimesrity, a lisear
anslysie gives & maximum response. Thare are, however, certain types of nonlinaarities for
which s linesr treatment may uot be consarvative such as those assoclated with the ATGR core.
The psper ehows that the nonlinear response could be many t{nes graster than the linssr
respoose. This depends upon factors u.-ceutod vith the width, shape, and decompoeition of
the spectrum as well s on the ciarszcteristics of the systes. .

Thie yeper discussas the effects of dif!on_nr. accsptable time historiss thit heve beem
spplied to e lisesr sad & nonlinesr systsm. The time histories %ave been obtufmed from s ‘
epectral description of sn earthquake evsat. Tue conlinear system is takew as & linesr one
dagres of fresdom system to which & cubic hardening tarm has besz zdded.

Previous papers have shown the ditfersot types of response amplitudes that could develop
{n a noulinear system under different harmouic compositions fn the forcing functios [9]. For
those ‘casas, the forcing terms vare pre-salected, The study has been extended to include
forcing functions that have besn decowposed from spectrel descriptions of an earchquake.

Many differmat time functions could ba obtained from a spectral description of & sefsmic
avent. {2} Tach of thesa time functions will produce different responses in linesr as vell ar
ncnlisear systems. The firet part of this study was dome to obtain some comparative iafore-
ation about the extent of the varistions in the response of a linear system. Then, & cubic
typs of nonlinearity vas sdded to the linear system. The same time excitations were applied.
The responses of tha nonlinesr and linear eystems ware comparad.

A system vith known charateristics was used. The equation under investigation is of the
fors '

¥4 oy +ay+ By = £08) a
where £(t) is an esrthquaks derived time function. The cosfficient of the cubie hardening
tarm is B. Yor the linesr case, 8 is set squal to zero. .

It has baen previously shown [3,9) that there 1s s discontinuicy {n the tesponse of a
ponlinesr ayatem for cfrtnin ranges of multiple sine vave excitations. The disconeinnier
occurs in addition to the ordinary jump phencwens sssocizted with nonlinear aystess, In
particulsr, vhan £(t) = F, cos (et + 4)) + ¥, cos (v,t +¢,) the diecontimuicy in the
rasponse appesrs vhen v, = Jv, and for valuss of ,1”2 above a certain threshold level. A
.uli change iz rl‘n: this lsvel produces s substantisl change in the raspouss. As the
coefficient B is increasad, the threshold magnitode of Pllrz 1s dacressed. The questiom
whethar the same type of discontinuity could be induced in the nonlinesr system by different
time decompositions of the sama eprctral description of an earthquake is axamined.

The fundsmental natural frequency of the systes described by eq. (1) was taken as 3 Hz.
The excitstion wss 0.2g maximum ground accelsration, as shown in Mg, 1. The value of a vas
taken as 100 snd B as 10000. Two percent of criticel dasping vas used.

The SIMEAR code has been modified to decompore a given spsctra to the time domsin. By
successive iterations, accaptable time functiogps are generated. A time fumctifon is cousiderad
acceptable vhea it envelops the requirad excitstion spsctrum, The quality of the finsl match
batwveen the targat sxcitstion spectrum and the ezveloping spectrum is a fusction of the
particular procedurs used [2,5,6,7). In any case, regardless of ths fadivideal wathod, neny
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differsnt time functions cen be determined whick will sstisfy the target spectrum. To
generats an iadividusl time fuaction, 4 random ISET ausber 1is selected sad ptuu;d by the
code. The resultiag time tunction ves then applied to the aystes dsscrided by Zg. (1)

Table I shows the meximum scceieration responss thet vas obtained from four mg.,;g
acceptable time functious vhich wers used as faput excitatioms in 2q. (1).

The largest responss vas 0.3091 in. and lesst ves 0.1857°in. This gives & factor of 1.6
betwess the maximum and ninisum respouses that were obtained in ¢ linesr systes doe to )
differant, but acceptable, time functiona.

The cases sslected are oot intended to ehow maxtmum possidle differemces. The cases
chossa are simply rafarsnce tesulte which will ba used as 2 basis for comparison.

The ssme time decompositions, ss dafised by the pravious ISET numbers, wers applied to
the nonlinesr systems. Table II sbows the results. Coluss I lists tha various ISEL number
uvked. Column 2 shows the maximum response in tbe nonlinssr system. Columm 3 gives the ’
naximus Tesponse if only frequency components sbove SHz sre retained iz the excitation
Column & shows the meximum response if frequency composats sbove 5Hz ars trained. Coh'-.

S, 6 and 7 give the meximm response if the nonlinesr coefficient B is taken ss zero. This
4is the linear systes responsa. : .

Columas 2, 3 and 4 show the nvnlinesr respouse. Columns 5, § and 7 shov tha compersble
lizesar rasponsa. Wien a1l frequencies are retainad in the excitation, columm 2 showe that
the nonlinesr response is less than the 1inear response for all four time dacomposicions, as
indentified by the four ISET pumbere. Note that the nonlinesr response is comparsble to'th
linear responss even after sll frequencias below 5 Ez wers filtersd out of the time m.lnt;on
Thie ie sesn by comparing-colummns 3 and 5. The ssms information is obtained £f all fuquuch-
below 6 Hxz are_deleted. Recall that the nstural frequency is 3 Bz, With exciting frequencie: ’
above 6 Hz, rescuance in the linear system is wot possible. Even 20, the noulinesr re )
is no greater than tha linear respouse. sponas

It might be presaturely concluded that the limear system could be takem &s & comsarvativ
case in solving nonlinear problems. Further exsmiation shows that this is sot so. )

The results obtsined in Table II ware for a perticular level of fmput. Would che same
comparative evaluation be obtained if the overall magnituds of the excitation were changed?
Yor the level of .2g inmput, it ie clesr that omly the lower roots were cbtained in the non~
1inear t:uponu. This is known since the levél of Tesponsas in the noulinasr and linear
systexs ars sbout aqual even though the forcing frequency componeats are above the resonsnt
fraquency. The input excitation level vas incressed and the comparison repeated. Table III
shows the resulta for five different multiplicatiom factora. Nots that vhes the input is
doubled, the nonlinear response ie greater thas the linear response by s factor of sors thaa
2. Thie ie becsuse the signsl now contains msgnitudes which exceed the thrashold levels
required for tha soplinesr systam to attain upper root response. Eowever, s maximm fe
reached in the ratio of oonlinear to linear response vhen the multiplicatios factor 1s about
2 for the conditions used. Above snd below this value, the ratio is reduced, elthough seill
greater than one. f

Ia brief, Table II shows that the differauces between.linesr responses for the different
ISﬂuyﬂb.tl 4s 1.6. Table IXI shous that the differeaces batween linsar sud aonlinear is
2.0. The overall difference that could be obtaimed for just the few cases 1listed apounts to



-l

e factor of 3.2. This shows that under some conditions, tha zonlisear rusponss could be
sizably bigger than the linesr response. This tyPe of responss behavior is posaible only
for s nonlinesr systes with & jusp phenomens, like the HIGR cora. Zoth our pravicus tssts
acd the analytical work that was done with ons and two sine wawves showed that tha HIGR has
this type of charscteristic. The cubic hardening system thec is investigated in the papar
is similar to a bilinear one. [4] Boch have multiroot possidilicies. Both bave jump phenowena.
The sams type of cricical composition to the exciting time function msy alsc sffect the
dilinear system Tesysmse. IPravious informatica o tha literaturs has concluded that s
jinearized trsatmsat for both bilinear as weil as sa elsstic plastic system gives riss to
conservative tesults. The pressnt investigsticu indicaces that the conclusion is not correct
for all csses of bilinssrity. For thase cases, certsin qualifications would have to be
smposed on the conditions under vhich che linesr solution is used a8 a conservative cass for

the maximuss response.
1t doss not appear that the conclusicne for tha elastic-plastic response curve are af~

fected.[3] This is because the slastic-plantic response curva is single valusd and the sofc-
ening characteristic in this casa is associated with large demping. 7Thare is oo Jump
phanomens in the response.curve of .this.typs of system. 4 emall change in the relstive
magnitudes of the exciting components camor be expected to change the responss to a differ-
ent leval of stability st-the suma frequancy. This 1is becsuse thers is cnly s single value
of respouse at that freguency. Bowaver, for other types of softening syatems vhich have
multiroot poseibilitiss, ¢he conclusicns associated with the hardening characteristics would
also appesr to apply. )
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TARLE 1
RANDOM N0,
IsE MAXIMUM RESPONSE
234 0.2178
456 0.23%0
567 ~ 0,3081
789 0.1857
TARLE II
1 2 3 & 5 6 7
ALL CYCLIS AL CYCLES ALL cYcLEs | ALL cYcLzs
ALy, CYCLES | AFTER 5 Ex AFTER ¢ Hz ALL CYCLES | APTER S HZ | APIER 6 Hs
234 | 0.1214 0.1142 0.04723 0.2178 0.1216 0.04669
456_{ 0.1409 01365 0.04919 ~0.2330 29,1230 0.04525
567 | 0.1576 0.1274 0.04338 0.3051 0.1297 0.06449
789 | 0.1386 0.1147 006116 0.1857 0.129% 0.04050
TANLE III
IHPUT CUT-OFF FREQ-6 EZ
MUL. LINEAR NONLINEAR
1.5 .07007 063"
2.0 0934 .1858
2.1 =0980 +1967
2.5 -1167 2115
1.0 23401 21898
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