e Seventl Egst Asia-Pocyic Conference on Strevtaral Engineering & Construciivn

fugmest 2729 19R Ko, Japan

RESPONSE SPECTRA FROM REAL EARTHQUAKES AND ITS APPLICATION
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ABSTRACT: In this paper, efforls have becn made 1o formulale response spectra hased on real
carthquake ground motion. Performance ol the propused spectrs has been tested agamst Unilonm
Building Code (1994 spectra by analyzing various siruclures, In order o evialuate the performance of
the developed spectra, on building struciures subjected o seismic forces, @ lypical beam column [rarme
struclure has been sclecied. Base shear of the building, which has been caleulated for dillerent me
periods using # gencral-purpose finite element package STRANDG, has been sclecied as the criterion
for comparison. Natural freguencics of buildings have been ealeulated considering short direetion,
long direction and the building as & whole, The dynamic snalysis procedure uses 4 response spectrum
representation of the seismic inpul motions. Since maximum modal responses will nol vccur at the
same time during the earthguake ground motion, it is necessary 10 use approximale procedure 1o
sstimate the maximum composite response of the structure. 1 has been ohserved Lhal base shear
coefficient for developed spectra is greater than the base shear coelficient produced by Uniform
Building Code (1994 at lower time period,
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1 INTRODUCTION

\iany building codes stipulate either a design acceleration spectrum or a base shear coeflicient as a
lunction of natural perivd, These cocllicients are essentially ordinates of aceeleration spectra divided
by the acceleration of gravity; the relationship holds exactly in single-degree systems Several widely
differing methods |1] exist for specifying the design earthquake. Some ol these methods are
equivalent-static loading in codes, response spectra, and records ol real carthquakes and theorctical
simulation. In this study, real carthquake specira has been compared with the eorresponding spectra
proposed by Uniform Building Code (UBC, 1994). Elforts have also been mady (o propose i design
response specira for dynamic structural analysis. A cocllicient (o be used in equivalent static load
method o cater for various soil types and varying budding time perieds have heen derived

Efforls have been gearcd towards arriving il an all cnocompassing response spectris which may either
he readily uscd in dynamic analysis or may be conveniently adopted in static analysis by deriving 4
suitable numerical co-efTicient trom it During the course of the study a wide range of real carthguake
data have been collected. The design aids have been compared with Unilorm Building Code [1]
provisions by analyzing various moderately high wall buildings,

2 BUILDING ANALYSIS USING PROPOSED AND UBC SPECTRA

In order W eviluate the performanee of the developed speetra, using real carthquakes, on building
siructures subjucted w seismic forces, a typical bam column frame bag been seleeted. The develuped
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specira have heen compared with the existing Uniform Building Code |2] specira. Base sheer nf the
buldding which has been calculated for different time perods using the saftware STRANDG |3] has
been selected as the criterion for comparisen. For Lhe purpase of speciral analysis, hase acceleralion
has heen applied o the direction parallel w0 the short planar dimension of the building. Nalural
frequencies of buildings have been calculated considering short direction, long direction and the
huldding as @ whole, When short o long direction analyses were perlormed, degrecs of Trecdom of
other dircetions were kept restrained. This has been done to minimize the computer running time.
Short direction of the building has been used for further analyses, The importance tactor (f) and the
aone factor () have been taken equal to 14 and 4.0, respectvely, for the pumpose of response
speciTim i:r‘.ul}.-_l,is_ The valte o Ro= 12 has been used in the j|r|z||_1,'5jﬁ_ Squaru-mm-xum-m-lIu!-squd:uﬁ
(SRS5) and Complete Quadratic Combinatuon (COCY |4, 5, fi] methods are generally used ftor
comrization of modes W0 pet the masimum specical ordinale, Tn the present study COC method with 5
percent ol critical damping has been considered for modal combination. Two different specira have
heen chosen tor the purpose of response spectrum analysis, The chosen speeira were (a) UBC [2]
spectra and {b) Spectra developed using recent real varthguakes,

3 DESCRIPTION OF MODEL BUILDING

The floor plan and geometry of the building have been adopted [rom Ghosh and Domel [7] The
columns, heams and slabs have constant cross section throughout the height of the building. Although
the wislormily and symmetry used in this example have been adopted primarity tor simplicity, these
are generally considered to be sound enginsering design concept, which should be ulilized wherever
practicable for seismic design. Although the member dimensions used in the example arc within the
praclical range, the structure itself is & hypothetical one and has been chosen mainly far research
purpose, Superimposed dead Joad has been taken equal 10 42.5 psf (2.06 kN/m’). Weight and ultimale
crushing strength of concrete has been take as 150 pel (23.56 kN/m®) and 4000 psi (27576
kN/m7),respectively. The member dimensions selecied for this design were, beams 24 in. (60.96 cm)
wide x 26 in. (66.04 cm) deep in transverse direction, beams 24 in. (60.96 cm) wide x 20 in. (50,8 cm)
deep in longiludinal direction, eslumns-24 in (60 96 cm) and slahs-7 in, (1778 cm) thick.

1t should he noted that the building has the same lateral foad resisting system in hoth the principal
directions. Thus, the faleral seismic lorees will he the same in both the longituding! and the transverse
directions ol the building, However, since the building is reclangular tather than squarc in plan, the
lateraal shears produced by orsion will most Bikely not be equal i the two directions, The weight ol &
typical Noor meludes that of all the elements lbeated helween two imaginary parallel plancs passing
through the mid heiphl of the columns ahove and below the Moo considered,

4 RESPONSE SPECTRUM ANALYSIS

The dynamic analysis procedure used in this study uses o respense spectrum representation of the
seismic inpul motions. The procedure is applicable o lincar clastic building models developed in
accordance with the requirements of Section 106.3 of Unilorm Building Code [2).

41 COMBINING MODES

The response spectrum analysis procedure provides the maximum responses of the struclure when il s
vihiraling in cach ol {15 signilicant normal nodes. However, bacause these maximum modal responscs
will not vecur al the same tume duning the carthquake ground metion, it s necessary 0o use
approximate procedures W eslimate the maximum composile tesponse ol the structure. Such
procedures are lypically hascd onoan appropriste combination ol the maximum individual modal
responses, and should account Tor ]'!'us_l;ihil_' intericinon helween ity closely :;p;gn;:l.:d muoddul responscs

Tl ey cxs

A simpde and accuraie aodal combuton approach thae satistics this requirement s the Complete




Quadratic Combination (CQC) method. This appruach is based on random vibration concepts and
assumes that; the duration of the earthyuake shaking is long when compared 1o the lundamental period
of the structure, and the desipn response specirum exhibits slowly varying amplitudes over 2 owide
range ol periods thal include the dominant mudes of the structure. On this basis, the COC methad
leads to the following cxpression lor the SUruclurs’s Maximum composile respense, d, 4t s ky, degree
of freedom:

.E:l.-i:

b, = 2§;u*.p,_,th (1)

Where iy, and w, correspond 1o the structure’s maximum modal response in ils K" degree of freedom
when it is vibrating it in its @ and /* mode respectively, and o, is the cross-modal coeflicient. 1t is
noted that here, u, w4 are general symbols and may correspond 1o total acceleration, relative (1o
base) displacement, inter story drift, base shear, overlurning moment, or any other structural response
guantity. Furthermore, when computing &, in accordance with the above expression, the signs of uy
and ty; should be preserved.

The cross-modal coeflicient p. as denoted above is dependent on the damping ratios and the natural

periods of the i* and * mode. When the modes have identical damping ratios &, o, is expressed as :

Ve e
Yoo =ry+alir{lsr)?

where £ s the ratio of the natural period of Ihufj' mode, T, w the natutal period of the i mode, T; ithat
15, r = T/Th)

Lt can be shown that: a) g, = L whenr = [ and b) g decreases with decreasing rin o manner thal i

dependant on the modal damping ratio £ . Furthermore, when the modal periods are well spaced such
that:

D
e s W
r-gsgng > 7)) )

then. o, =0(i= j1and the CQC expression lor compuling the maximum composile response piven

in Egn. | becomes:

4

That corresponds i the sguare-roul-sum-ol-the-squares (SR5S)  madal combimation approach. This
shows thal the SRSS approach is & special case ol the more general COC method, and can b applicd
when the modal periods are sulliciently well spaced in accordance with Egn. 3. Furthermorc, the
quantitics g, lor § = § can be visualized as corrections e the SRS approsch inoorder W ineorporae
effeers of coupling between elosely spaces modes. These coupling effects beeome nure impartant s
the mndal damping rato increases. Also, these eltects are typically important Lor threa-dimensional
struciursl systems, which often have clesely spiace freguencivs
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In Section 106.2.2 of Unidorm Building Code [2]. the largest damping ralio thil can be considered
when developing sile-specibic spectra is specified o be 005, Furthermore, 2, can be assumed o he

negligihle when

i (5)

5 ANALYSIS SCHEME

For speciral analysis purposes, using diflerent acceleration spectra, only one direction, thal is, short
direction of the building have been sclected. This directional analysis has been performed hy locking
the global degrees of freedom of other direction. Two analyses have been performed laking 16 and 10
storey special moment resisting concrete frames keeping all the deprees of [reedoms unlocked. 1t is
clearly observed thal modes perpendicular to the direction of analysis and torsional modes have no
participation to final result. Taking this fact into account and to minimize the time of computer run,
short dircction analysis scheme have been adopted for further analyses, which is expecied to produce
cqually gand accuracy of the analytical analysis, Comparing the total mass participation factors as
reported, it can be said that otal mass participation factor actually increases when the unncoessary
modes which have no contribution 1o the Tinal result, are excluded.

6 COMPARISON OF TIME PERIOD

In this section equations proseribed by dilferent seismic Codes ol practice have been compared with
more relined methods of caleulsling time period. STRANDG [3] has been used to calculate the
relatively relined time period of building. STRANDS [3] used the following Eqn. f 1o get eigenvalues,
which eventually gave the natural frequency of the building,

(& Jixh = el ] ®)

Hure, [K] is the banded stiffness matrix, (%} is = _ o

i = - f EIN b o Actesl Byad] Dure e
the eigenvecior, ¥ is the cigenvalues and [M] is <-ee Area Lo Drsemace i
mass malrix (Consistent and lumped). The Hp Aty
building framc used has 1wo  predominane o
directions - shoel and long, Natural lime period B i W # |
lor both the dircctions and considering the whaole E U P |
building has heen calculaled and plotted in Fig. 1 ﬁ i
It is observed from the Fig. | that lor moment £ ..
resisling conerele frame these ume periods were
independent of building direction, “""E
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o Fig L Time peniesl For momenl resisting conere e e
Ellorls have been made o compare the hase coaridering short, long and iotal building direction,
shoear  caleulated  wsing  the Code specilied
response Spectri and response speetra developed in thes stody using a0 pood number of {recent) real
varthquakes, Response spectrum analysis, which has been discussed in detatl here, has been used
calewlute the base shear of the moment resisting concrewe frame. STRANDG [3] has bocn exlensively
used, enee again, W perlorm these computations,

Tu caleulate the base sheare tor different lime periods, height of the moment resistng concrete frmes
Fatve bovn varicd from slorey one W storey sixteen. Spectral analysis has been done Tor soil Types 1]
(hard soal) and IV (solt soal) Other sl types have oot been considered t limit the number ol




COMPUIET TUns, since spectral solulion requires grealer dme etlort than normal static solution, MNipely
computer runs were required 1o get twelve speclral shapes as ploued in Fig. 2. Base shear lor a
particular huilding has been found by summing all the horizantal torces of each of the column base for
a particular direction. [0 is obhserved from Fip 2 that base shear coelficient for developed speetra is
greater than the hase shear coefficient produced by Uniform Building Code |2] at lewer Llime period
and decreased laster in higher time periods. Same trend is observed for hoth the soil 1ypes. 1L can be
suid by ohserving Fig. 2 that serious theught should be given during luture updating of the speciril
shapes Whereas the higher values of specital ordimaies al lower time perinds might be lell unchanged
(us they would luad toomore conservative that ws, sader)) design, fasler allenuaien higher Lo
poriods, as ubserved here, may b moditicd 1o koep it lune with the conservative nature of exsling
spalrd

§  COMPARISON OF BASE SHEAR DISTHRIBLUITIOMN

Base shear distribution has been compired with e corresponding shear distribution proposed by
Uniform Building Code [2]. For the purpose ol comparison, 16 and 10 storey special moment resisting
concrete frames have been selecled, In Fig. 3 normalized sworey shear, fur 10 storey building, has been
plotied against percent height using U BC [2] acceleration spectra, proposed free ficld acceleration
spectra for soil Lypes [1 and 1V, Normalized storey shear distribution proposed by UBC [2] has alze
been in these figures for comparison purpose. [t is observed from these figures that storey shear
distribution for different spectral analysis has very litlle difference. The stalic storey shear distribution
af UBC |2] adopt linear formula which is absent in spectral solutions. It can be said that, further
improvement of storey shesr distribution can he done for future adoption in seismic Codes.
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Fig 2 Comparson of hase shear cocffieent ol develaped
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g PROPOSED DESIGN SPECTRA

In this study response spectra for real earthguakes have heen developed. Further these spectra have
been moditicd and compared with UBC [2] and has been found 1o be quite consistenl. Efforts have
been here o propose a design response speeiri hased preseat study, lor 5 percent da mping

Table | list the time period for maximum specic, maximum speciral ordinate and coellicients a, b of
the cquation § = 4T* which has been uscd w modily respense spectra for real earthgquakes, s
ahserved from the Table | that the coclficient b which represents the rate of atenuation is always near
o greater than 1, as such the value of b has heen lixed 10 1. This has been done 1o remain conservative
in higher tme period. Higher values al lower ime period have been retained as it has [ound, The final
design spectra alter this madification for hoth real carthquakes is shown in Fig, 4 The static
cyuivalent vquations have been listed in Table 2 far dilterent soil types derived using free lield
catLhuinkes,



Table 1 Value of maximum spectral ordinaie snd coctlicient & b for maoditicy real FEspONse specira o
dillerent site category.

?::ﬁ_g”” ;—LI:I;U Maximem Vilue of Spectral Ordinaie Coctlivienta Coetficient b
I (.28 sec, .69 0.34 183
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10 CONCLUDING REMARKS P RN

Fig. 4 Design specira hased on secent froe Tield

[l has been abserved from above discussiun that, for carthguake for dilferen sl ypes

directivnal analysis in three-dimensional analysis any
mode shapes transverse o the direetion and lorsional modes shapes have no participation o the {in
result of the structure. It is also observed thai ordinate of response spectra, for real earthgquake, is
preater that UBC |2 spectra al lower lime period and decrease faster in higher time periods. Tt has
heen proposed in this study 1o keep unchanped the higher spectral value at lower time period. Faster
atlenuation has been modificd and attenuation rate has been suggested which is inversely proportinnal
for Lirme: periond
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