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RESPONSE SPECTRA BASED ON SIMULATED
EARTHQUAKES: ITS APPLICATION AND ASSESSMENT

M. A. Ansary!, M. A. Noor!, and 5. M. Seraj!

ABETRACT: In fhis sludy efforts have been made to develop response
spectra, which may be directly used in the dynamic analvsis of & striscture,
To develop respunse spectra, o luge number of earthquake ground motion
recardings on diflerent soil types are necessary. Since Bangladesh does not
have any earthyuake ground motlon recordings, synthetlc earthguakes are
generated for different sall types. Response spectrum for & given carthguake
record is quite iregular nnd has o number of peaks and valleys. Efforts have
been made 1o construct smooth response spectra for various so:l types from
synthetic earthquakes, Statistical approach has been adopted to create o
srnoothed spectrim in order to make it suitable for design, In the second part
of the study performance of the proposed spectra have been tested apainst
Unilorm Bullding Code [1994) speetrs by analysing various moderately high
moment resisting framed structures. The dynamic analysis procedure uses o
response spectium representation of the seismic thput motlons In the
present study, Complete Quadratic Combination (CQC) method with 5
peroent of critical damping has been considered for modal combination, Two
different spectra have been chaosen for the purpose of reEpONSe Speclrum
analysis. The chosen spectra were (a) UBC (1994) spectra, and () wpecira
develaped using syntheie carthquales. STRANDS (1996 hos been extensively
used, to perform these computations. To calculate the base shear for different
time periuds, height of the moment resistng conerete frames have been varied
from slogey one Lo starey sixteen.
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INTRODUCTION

Earthquake-resistant design is an evelutionary one and, although
great progress has been made since seismic design was  made
mandatory by various building codes, it is still not completely
understood. So, structural engineers have been giving more and more
attention 1o the design of buildings for earthquake resistance, Among
vanous unknowns or less known factors, the conversion of dynamic
forces to static forces is, perhaps, one of the areas where additional
works may be conducted. Notwithstanding the necessity of looking into
the research area of arriving at equivalent switic londs from their
dynamic counterparts, it is believed that satisfactory design based on
equivalent static forces can only be undertaken onece all the factors,
equations and curves that constitute such methods are realistically
derived.

Mo ground motion record is available in Bangladesh, Thus, it is
difficult 10 obtain a generalised shape of the average specira. Keeping
this in mind, u set of synthetic accelerograms has, therelore, been
simulated for normalised peak ground acceleration of different soil
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conditions. The elastic spectra of each of the synthetic accelerograms
has been obtained, and then averaged w get the shape of the smoothed
spectra, considering various damping of structures. In this study efforts
have been made to develop a computer program to generate simulated
earthquakes, To generate the synthetic earthquake Kanai-Tajimi (K-T)
power spectra and Shinozuka-Sato (1967) envelope has been chosen.
Kanai-Tajimi power spectra can take the effect of soil type in the non-
stationary time series. Efforts have also been made to construct the
smooth response spectra  for various soil types from  synthetic
earthguakes,

In the second part of the study these developed spectra have been
compared with the corresponding spectrn proposed by Uniform Building
Code (UBC, 1994). Efforts have been geared towards arriving at an all
encompassing response spectra which may either be readily used in
dynamic analysis or may be conveniently adopted in static analysis by
deriving o suitable numerical co-ellicient from it. During the course of
the study o wide range of synthetic earthquake data have been
generated. The design aids have been compared with Uniform Building
Code (1994 provisions by analysing vorious moderately high tall
buildings.

METHODOLOGY

To generute synthetic carthquakes, a computer program has been
developed in FORTRAN which accommodates K-T power spectra and
Shinozuks Sato envelope. The detail theoretical background needed to
develop the program has been mentioned in subsequent sections. The
flow chart of the computer program has been given in Fig. 1. The input
parameters that have been used to generate synthetic earthquakes for
the present study are listed in Table 1. Figure 2 shows four typical
generated earthquake for cach of the four soil ypes. In towl 160
carthquakes were generated by varying the parameters as stated in
Table |, Generation of such a huge amount of earthquakes was deemed
essential for satislactorily construction of response spectra vid
simulation. Real earthquake records conwain both P [Compression-
Expansion] wave and 5 (Shear) wave phases, in these figures only shear
waves have been simulated. Simulation of P-waves, which is always
present in real earthquake records due to the inherent fault-fracure
mechanism of real seismic forces, the overall impact of such forces are
minimal in structural dynamics. Again, in contrast to real earthquake
records where site effect (that is, variation of soil type) could not be
readily isolated in time domain, in the present case of simulated
earthquakes, where soil effect could be explicitly identified by using
suitable values of natural circular frequency [w), such site effects could
be reflected in the simulated time history,
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Fig 1. Schematic mugi:um Sor generating stmulated earthguakes

Table 1. Input Parameters Used to Generate Synthetie Earthquakes
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Fig 2. A selection of simulated earthquakes for four soil types
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To construct simulated response spectra the amplitudes of the
record and the soil type have been varied. Other variables, such as
magnitude and duraton of earthquakes, could not been considered lor
lack of sulficient informaton in Bangladesh. To construct the simuloted
spectral acceleration of individual earthquake data a computer program
has been used. The elnstic spectra of each of the accelerograms have
been obtained, and averaged to get the smooth shape of the simulated
spectira, considening the damping of various types of structures.

Artificially Generated Earthquake

In the case in which reliable data on the amplitude, lrequency and
durntion of the seismic ground motion, and the mechanical
characteristics of the soil lavers are available, the seismic force can be
defined, by means of artificial accelerograms, These are the
accelerograms genernted by using mathematical model based on the
theory of the stochastic process (Ruiz and Penzien, 1969) and are used
in structural analysis. Such procedures are recommended for seismic
areas with no scismological data with a complete lack of seismic ground
mation records, In the present study the seismic ground acceleration is
modelled as a nonstationary random process. Some basic concepts of
the stochaslic process theory, used in mathematical modelling for
generating artificial carthquake, have been given in the subsequent
sections.

Nonstationary Model of Ground Acceleration

Many studies describe earlier modelled swrong motion part of
pround acceleration as statonary process. However, since recorded
pround accelerations show the nonstationarity trend very clearly, it is
necessary Lo use nonstationary model for representing the earthquake
ground motion, Generally there are two ways to consider the
nonstationarity. First, by using instantancous power spectrum, which
represents the power spectrum of ground acceleration as a functian of
time and frequency, the nonstationarity of earthquake ground motion
can be expressed as

xl() = ..,,I'Eﬂn-'{}‘u.w] COS( (1)

where Git,w) is the two-sided instantancous power spectrum, Jduw is
the frequency interval and @as the independent random phase angles
distributed uniformly between 0 and 27, The second way is obtained by
assuming that the instantaneous power spectrum can be represented
us a product of deterministic envelope function and stationary power
spectrum. This assumption implies nonstationarity in intensity but
stationarity or approximate smtonarity in spectral characteristics, as
expressed in mathematical lorm as

w(1) = pl (1) 2)



nit) = ...|||'2r'b.u-t‘}'{1r} cosh (1

where i) 18 the deterministic envelope function and nft) 15 the
random process with stallonary mean and varance of zero and unity,
respectively

Use of the second way has an advantage since the parameters
which are controlling the shape of envelope function are independent of
lrequency and realisation of the nonstationary process. Therelore, in
this study the second method will be emploved for modelling the
nonstationary ground acceleration.

Deterministic Envelope Function

From Egn. 2, the variance of the process can be expressed as

I-’ur[{x{f}}] = I’ur[q:[r}{n{r}}] =y (¢ }’ar[{n{r}}]: TR (3] (4)

Thus, the envelope function can be obrained. The variance can be
eatimated for single record using short tme-averaged (Bendat and
Fiersnol, 1986} as

Inr[‘.(r}]-— f‘[;z{f}rﬂ (5)

Since the estimated vanance stll fluctuates, it should necessarily
be fitted by a smooth function, Many lunction have been suggesied (o
describe the smoothed time dependent variance, In this study, the
funcuion proposcd by Shinozuka and Sato (1967) will be adopted which
takes the form ol

yi)=e™ =M (6)

For generation of simulated earthguake, in this study, o has been
vaned from 0.25 to .45 and [} has been varied between .30 to 0.90.
For all the cases a={}

FREQUENCY CONTENTS OF GROUND ACCELERATION

Frequency contents of recorded ground acceleration are generally
expressed by the power spectral density function proposed by Kanal
[15957) and Tajimi (1960}, and i is expressed as

1+45; w’w )

[1-Gorw ) | +@5ww,)

Where g, wy and Gp represent the damping ratio, predominant
frequency and spectral density at 0 Hz, respectively, For generation of

Glw) =

0, (7)
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earthquake predominant frequency has been divided into four values to
represent four different soil types. The natural time period, which has
been used to divided the soil, are listed in the Table 2

Table 2. Propeity of lamai-Tajimi Power Specira

Sl Canegory Man ol earthguake
record generated W,
Mlximing Miminmum
Hoil Type | 40 a5 0.1% 0.55
Soil Type I 40 25 0.15 .55
Hail Type 11 40 L5 0.15 0.55
Soil Type IV 40 5 .15 0.55

Generation of Synthetic Accelerograms

The lollowing procedure was adopted to develop the synthetic
accelerograms, A set of random numbers, denoted by @, &, ... were
generated with mean zero and uniform distribution over the range of —
21t 2n. These random numbers then taken as consecutive pairs were
hitered, by K-T power spectra, to correspond consecutive pair of new
random numbers using Eqn. 8 and Eqn. 9 having zero mean and unit
variance,

x(i) = of 2AwG(w) cosid) (8)
x(i+1)= ..,fi:}.w(?{w:lsin[tb} i)

CGraphical representation of this K-T power spectra filter for various
soil types is shown i Fig. 3. Inverse Fast Fourier Transformation (FFT)
was used o convert these numbers [rom frequency domain to time
domain, This stationary type of wavelorm xft) then multiplied by
Shinvzuka and Sato (1967 deterministic envelope lunction ) to
converl these into nonstationary form gy, The functon used for this
purpose has been given in Eqn. 6 and shown in Fig. 4. This
nunstationary waveform git), thus, gives the soil dependent synthetic
accelerograms.

CONSTRUCTION OF SMOOTH RESPONSE SPECTRA

Response spectrum for a given carthqualce record is quite irmegular
and has a number of peaks and valleys. The design response spectra for
i purticular site should not be developed from & single ncceleration lime
history, but rather should be obtained from the ensemble of possible
carthquake motons that could be experienced at the site. To plot the
response spectra several generated earthquake records have been
selected for the present study. For the present study 2 percent, 5
percent and 10 percent damping were selected, Figure 5 shows
normalised simulated spectra plotted against the tme period of the
structure for soil type | and 5% damping. A single simulated earthquake
record has a particular frequency content which gives rise to the jagged,



saw tooth appearance of peaks and valleys as shown in Fig. 5. This
feature s not suitable for design, since lor a given period, the structure
may fall in a valley of the response spectrum resulting in an
unconserviative design for an earthquake with slightly different response
churacteristics. Conversely, for u small change in period, the structural
response might fall on a peak, resultung in a very conservative design,
To alleviate this problem the concept of the smoothed response
gpectrum has been introduced for design.
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Deslgn spectra are presented in combination of smooth curves and
straight lines. Then mean-minus-one-standard-deviation, mean, and
mean-plus-one-standard-deviation have been plotted in Fig. 6. This
figure has been plotted in logarithmic scale, Statistical approach has



been adopied to create a smoothed spectrum in order o make it
suitable for design, The mean value or median spectrum can generally
be used lor ecarthquake-resistant design of normal building structures,
Use of this specirum umplies that there is a 50 percent probability that
the design level will be exceeded. Structures that are generally sensitive
to earthguakes or that have a high risk may be designed to higher level,
such as the mean-plus-one-standard deviation, which implies that the
probability of exceedance is only 15.9 percent. Structures having a very
high risk are often designed for an enveloping spectrum, which envelops
the spectra of the entire ensemble of possible site motions, It can be
ubserved from Fig. 6 that, the attenuation of spectral ordinate with time
period plotted in logurithmic scale does not show clearly the real nature
of the curve. It is clear from Fig, 6 that, all sharp irregularites which
wis present i Fig. 5 are absent in this higure due to the adoption of
statistical procedure for the sake of clarity. The mean-plus-one-
standard deviation spectral shapes determined by the present study
based on 160 synthetic earthquakes are shown in Fig. 7. This curve hos
been prepared by combining the curves of individual sml types. The
curves in this figure, thus, apply to the four soil conditions considered,
These spectra may be modified to use it in the seismic codal provisions.
In order to achieve this modification a minimum period has been
chosen below which the spectral ordinates were kepl constant to be in
the conservative side. A computer program has been developed to fit the
spectral curve and severnl computer runs were undertaken to perform
this eperation. These values of time period for different soil conditions
have been listed in Table 3, it s apparent from the table that the
natural time period of soil under considerations matched satisfactorily
with the chosen lime period for maximum ordinates. 1t can be said that
resonance can oceur when structural time period coincides with the
narural time period of the soil beneath.

Table 3 Classification of Ground Conditions for Earthguake Stations

Site Cutegiry L period of mosiomm ordinste | Deflnition by Natural period
sl Type | [Rogk) (h 16 mec T2 sec
Soil Type 1 (Hard Sl ) 2 nag 02T <0d s,
Sl Type I {Medium Smil) (L35 moc 04 <T < (i sie.
Sanl Type 1Y (5ol Soil) |10 moe T = (0.0 siec.

The formula § = a?® has been used to modify the simulated
response spectrin,. 8 bears o constant value for TsTyy. When T>T,,, the

value of 5 can be derived by using the formula S = a7’. Here S is the
spectral ordinate, a and b are constants, T is the tme period of the
structure, and Ty, 8 the time period corresponding to the maximum
response, Figure 8 shows the value of a and b and error in their
caleulation. Chi sguare test has been conducted during modifying the
data, to ascertain the correctness of the modification. Figure 9 has been
plotted to get an overall understanding of the spectral ordinates of



varwous soil types. Modified simulated accleration spectra for various
soil types for 2 percent and 10 percent of critical damping is available
elsewhere in Noor [1997).
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BUILDING ANALYSIS USING PROPOSED AND UBC SPECTRA

In order to evaluate the performance of the developed specira using



simulated earthquakes a typical beam column frame has been selected.
The typical floor plan of the building that was selected for this study
has been shown in Fig. 10, Description of the model building has been
presented in a previous paper (Munaz et al, 1997]. The developed
spectra hove been compared with the existing Uniform Building Code
(1994 spectra. Base shear of the building which has been calculated for
different time periods using the software STRANDG (1996) has been
selected as the criterion for comparison. For the purpose of spectral
analysis, base acceleration has been applied to the direction parallel 1o
the short planar dimension of the building, Natural frequencies of
buildings have been calculated considering short direction, long
direction and the building as a whole. When short or long direction
analyses were performed, degrees of freedom of other directions were
kept restrained. This has been done o minimise the computer running
time. Short direction of the building has been used [or lurther analyses,
The importance lactor () and the zone factor [£) have been taken equal
to 1.0 and 4.0, respectively, for the purpose of response spectrum
analysis. The value of Ry = 12 has been used in the analysis, In the

present study Complete Quadratic Combination (CQC) method with 5
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percent of critical damping has been considered for modal combination.
Two diflerent spectrn hoave been chosen for the purpose of response
spectrum analysis, The chosen spectra were (a) UBC (1994) spectra,
and (b) Spectra developed using simulated earthqualkes.
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Fig 10 Typical plan and dlevalion of motent resisting concrete building

Response Spectrum Analysis

The dynamic analysis procedure described in this section uses a
response spectrim representalion of the selsmic input motions, The
procedure is applicable to linear elastic building models developed in
accordance with the requirements of Section 106.3 of Uniform Building
Code (1994). It consists of the following steps (Clough and Penzien,
1975);

a) Principles of mechanies have been used to compute the natural
perniod and mode shape for the first N normal modes of the building
model, where ¥ is the significant number of modes.

k) The response spectrum at the natural period of the n™ normal
mode, "{T), have been entered to obtain the corresponding spectral
acceleration in the k™ direction, "{S,. Here k may be the x or y
horizontal direction or the z vertical direction. Table 4 lists the spectral
ardinates [or 10 and 16 story buildings,

c] This spectral acceleration has been used together with the mode
shapes and the model's consistant/lumped mass values to compute the

building’s modal participation factor "(Py) for the n'" mode and the &
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direction corresponding to that of "(5,) as shown in Eqn. 10.

Farticipation lactor for the 10 and 16 storey buildings are listed in Table
o

NF n
it ' “.‘fﬂ [
(P)= ZM

o (10))
=] .'f"f}

Where!

" {d}m )= Mode shape amplitude for the n'™ mode, i"* nodal point
and the k™ direction,

.'Wm= Compaonent ol mass for the " node point and the K
dircetion.

(M) = Modal mass for n™ mode

M A
=i ) (My) (1)

=] k=1
Niv=Tatal number of node points,
NK = Total number of directions of motion at a node point.

Table 4. Natural Frequency and Corresponding Spectral Yalue for 10 and 16 Storey
Building. (Soil Type 1, UBC, 1994, Short Direction. )

Mude 1 sgarey Bisilifing 16 storey building [impsing

Frequency | Spectral Value Freguency | Spectral Value Ratia
] 065719 1.13 [T ED [.x3 .08
1 2. EMN TS 14 1. 234592 1.73 .05
A 150428 .50 115898 it .05
4 5 103542 150 1081435 15 0.0
- G455 1 .50 AT N 2.5 0,05
fi RTINS 250 4236872 235 Q.05

Table 5. Seismic Mass Participation Factors for 10 and 16 Storey Building
(5oll Type 11 UBC, 1994, Short Direction and Whole Building)

Made 10 starey building Vi stoerey Building
Short divecthn Wihobe building | Short direction | Whole bullding |

| Ra.41 LM H2.0M (NRET
3 9.7 Bb, 4 (LFR- K208
3 105 [{ELH] L] [
4 | (L 155 (TR
5 (o 8.7 [IN3 ] T, b
5} (i 1AM () (IR
T IR LE] . o0on
kS 108 . ]
q IR LE] . IRLT]

Ll bl el | 7.2 9848 5,44
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d] The above parameters have been used to compute the peak value
of any building response quantity when the building is vibrating in its

th - 8 ¥

n' normal mode. For example peak aceeleration at i node point and in
th o . : ,

k" direction is given in Eqn. 12

n
)= (PO X" (S) (12)
Alsa, for response in any other direction Jj is given in Egn. 13,
Mg =" g (S ) (13)

Lateral force at i node point in k™ direction has been calculated
using Eqn. 14.

Ny = n N n;c

(B )= (M X (P TS ) (14)
Base shear lorce in k" direction has been calculated using Egn. 15.
"= B ) (M) (S ) (15)

Overturning moment due to lateral forces in the K" direction has
been caleulated using Eqn. 16,
NE

OM )= D My (b <" (POX" () () (16)

i=l

Where h; is the vertical distance form the o node point te the base
of the building.

g Steps b through d have been repeated lor each of the ¥ normal
modes. Then, the resulting peak modal response quantities have been
combined for each mode using the procedure described in the next
section, in order to estimate the composite peak response value,

Combining Modes

The response spectrum analysis procedure described in previous
section provides the maximum responses of the structure when it is
vibrating in each of its significant normal nodes. However, because
these maximum modal responses will not occur at the same time during
the earthquake pround motion, il is necessary to use approximate
procedures (o estimate the maximum composite response of the
structure, Such procedures are typically based on an appropriate
combination of the maximum individual modal responses, and should
wccount for possible interaction between any closely spaced modal
responses that may exist.

A simple and accurate modal combination approach that satisfies
this requirement is the Complele Quadratic Combination (CQC) method
(Wilson et al,, 1981, Der Kiureghian, 1981, and Wilson and Bolion,
1982). This approach is based on random vibration concepls and
assumes that;

The duration of the earthquake shaking is long when compared to

13



the fundamental period of the structure and the design response
spectrum exhibits slowly varyving amplitudes over a wide range of
periods that include the dominant modes of the structure. On this
basis, the CQC method leads to the following expression for the
structure’s maximum composite response, wy, at its ky, degree of
Irecdom:

112

N

N
e =| DD gty (17)
i=l

i=l
Where w, and u,, correspond to the structure’s maximum modal

i [
response in its k  degree of freedom when it is vibrating it in its 1 and

j mode respectively, and g is the cross-modal coefficient. It i1s noted
that here, w, wy, u,, are general symbols and may correspond to total
acceleration, relative (to base) displacement, inter story drift, base
shear, overturning moment, or any other structural response quantity.
Furthermore, when computing u, in aceordance with the above

expression, the signs of u,, and Uy, should be preserved.

The cross-modal coelficient ) as denated above is dependent on the
damping ratos and the natural periods of the ¢ and j”' mode, When the
modes have identical damping ratios £ ) is expressed as:

o 8+
P = TR A ¢

where r is the rato of the nawral period of the _,1'“' mode, T, o the

]
natural period of the " mode, T, (that is, r = T/ Tj.

From Eqn. 18, it can be shown that: a) o= | when r= 1; and b
decreases with decreasing r in a manner that is dependant on the
modal damping ratio £ Furthermore, when the modal periods are well
spaced such that:

g
A : -
r-rgﬁig-{ff:-}'j} (19

then: s = 0 1 = j) and the CQU expression for computing the

ji (18)

maximum composite response given in Eqn. 17 becomes:
N I/d
N
w, ={ D up (20)
=

That corresponds to the square-root-sum-of-the-squares [SRSS)
muodal combination approach. This shows that the SRSS approach is a
special case of the more general COC method, and ean be applied when
the modal perinds are sufficiently well gspaced in accordance with Egn.
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19. Furthermore, the quantities g lor 1= can be visualized as
corrections o the SRSS approach in order 10 incorporate effects of
coupling between closely spaced modes, These coupling effects become
more important as the modal damping ratio increases, Also, these
effects are typically important for three-dimensional structural systems,
which often have closely spaced frequencies.

In Section 106.2.2 of Uniform Building Caode (1994), the largest
damping ratio that can be considered when developing site-specific
specirs is speciied w be 0.05. Furthermore, @ can be assumed o be
negligible when

¥
r=-?:l-£ 0.67 (21}

Analysis Scheme

For spectral analysis purposes, using different acceleration spectra,
only one direction, thot is, short direction of the building have been
selected, This directional analysis have been performed by locking the
global degrees of freedom of other direction and discussed in detail in
Munaz (1997). As spectral acceleration was applicd towards the short
dimension of the building, the mode shapes transverse to the direction
and torsionul mode shapes, should have no mass participation factor o
the final analysis, To validate this, two analyses have been performed
taking 16 and 10 storey special moment resisting concrete (rames
keeping. all the degrees of freedoms unlocked, The mass participation
factors for both the analyses have been listed in Table 5. It is clearly
observed from Table 5 that modes perpendicular to the direction of
anulysis and torsional modes have no participation to final result.
Tuking this lact into account and to minimise the time of computer run,
short direction analysis scheme have been adopted for further analyses,
which is expected to produce equally good accuracy of the analytical
analysis,

COMPARISON OF BASE SHEAR

Efforts have been made to compare the base shear caleulated using
the Code specified response spectra and response spectra developed in
this study using synthetic earthquakes. Response spectrum analysis
which has been discussed in detail in this study has been used to
calculate the base shear of the moment resisting concrete frame.
STRANDG (1995) has been extensively used, to perform  these
computations.

To caleulate the base shear for different time periods, height of the
moment resisting concrete frames hove been varied lrom storey one Lo
storey sixteen. Spectral analysis has been done for soil type [l and
shown in Fig. 11, Base shear for a particular building has been found
by summing all the horizontal forces of cach of the column base for a

15



particular direction. It is observed from Fig. 11 that base shear
coellicient for developed spectra is greater than the base shear
coefficient produced by Uniform Building Code (1994) at lower time
period and decreased faster in higher time periods. It can be concluded
by observing Fig, 11 thal serious thought should be given during future
updating of the spectral shapes. Whereas the higher values of spectral
ordinates at lower time periods might be left unchanged (as they would
lead to more conservative (that is, saler)) design, faster attenuation at
higher time periods, as observed here, may be modified to keep in tune
with the conservative nalure of existing spectra,
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Fig 11 Comparison of base shear coefficient of developed spectru tiiith
LIRC (1994) for sodl type I

COMPARISON OF BASE SHEAR DISTRIBUTION

Base shear distribution has been compared with the corresponding
shear distribution proposed by Uniform Building Code (1994). For the
purpose of comparison, 16 and 10 storey special moment resisting
coterete frames have been selected, In Fig, 12 normalised storey shoear
has been plotted against percent height using UBC (1994) acceleration
spectra, proposed simulated acceleration spectra for soil type L
Normalised storey shear distribution proposed by UBC (1994) has also
been in these figures for comparison purpose. It is observed from the
these fgures that storey shear distribution for different spectral
analysis have very little difference. The static storey shear distribution
of UBC (1994) adopt linear formula which is absent in spectral
solutions, It can be said that, further improvement of storey shear
distribution ean be done for future adoption in seismic Codes.
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PROPOSED DESIGN SPECTRA

In this study response spectra for real and simulated carthguakes
have been developed. Further these spectra have been modified and
compared with UBC (1994) and has been found to be quite consistent.
Efforts have been here 1o propose a design response spectra based
present study, for 5 percent damping.

Table & list the tme period for maximum sSpecire, mAaximum

spectral ordinate and coellicients a, b of the equation S = a7’ which has
been used to modily response spectra for simulated earthquake. It is
observed from the Table 6 that the coefficient b which represents the
rate of attenuation 1s always near or greater than 1, as such the value of
b has bheen fixed 10 1. This has been done (o0 remain conservative in
higher time period. Higher values at lower ime period has been retained
as it has found. The linal desipn spectra alter this modification for
simulated earthquakes is shown in Fig. 13. The static equivalent
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equations have been hisied in Table 7 for different soil types derived
using simulated earthgquakes,

Table 6. Value of Maximum Spectral Ordinate and Coelficient a, b for Modified

Simulated Response Spectra for Different Site Category

Site Vi Mlagimion Valoe of | Coellicient | Cocllicicnt
Cutegory | Period (s) | Spectral Ordinate i b
| [IR Y 118 074 -0
il 21 1,30 093 103
[ 035 137 148 .98
1V (L 183 174 1.07

Table 7. Site coelficient dervived fram simulated earthguake for different site

category
Site € ntepory Shie Coellielent
| S=030T
I 5= [ang
1 5= 1I&T
Iy &=t LI
3 . —— .
Drupgping = 084
il Ty |
d sl Typee 1
Sl Vet 11

L e e

] 5
FIME PERICH, T (RECOME)

Fig 13. Design speetra based on simulated sarthquakeas for different 2ol Lypes

It is clear [rom the above discussion that maximum amplitude of
thie acceleration spectrn decreased as the soil type chanped [Fom sofl o
raock. For larger periods, it is evident that soft soil spectral acceleration
is greater than rock spectral acceleration, It is also observed that largest
amplification occur near the natural time period of the soil, It has also
Been understand that attenuation of rock was laster than sufl soil and
80 was the case as the soil became softer. Rate of attenuation is faster
for the earthquakes taken in the present siudy than the present-day
vodes, [t has been observed that an increase in damping results in a
corresponding decrease in the spectral amplification.
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CONCLUDING REMARKS

Due to the fact that Bangladesh lacks heavily on  seismic
instruments, simulated earthguakes had to be generated to arrive ot
site specific response spectra suitable for dynamic analvsis,. Whereas
the spectra genernted here may be used in dynamic analysis  of
structures, it is imperative to install suitable number of seismic stations
sy that in future, specira based on site specifie real earthguake records
can developed,

It has been observed from above discussion that, for directional
analysis in three-dimensional analysis any mode shapes transverse (o
the direction and torsional modes shapes have no participation 1o the
linal result of the structure,

It is also observed that ordinate of response spectra, is greater that
UBC (19494) spectra at lower time period and decrease faster in higher
time periods. It has been proposed in this study to keep unchanged the
higher spectral value at lower time period. Faster attenuation has been
modified and attenuation rale has been sugpested which is inversely
proportional to time period,
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NOTATIONS
5 Llamping rat
W Predominant freguency
G, Specirel density al sem frequency
¢ Randdom phase angle distributed uniformly between 0 and 2n
Wil Stationary wavelorm
vy Dgterministic envelope [umction
i MNonstationary wave o
et ) Twir-aidded initanianeous power speclim
o) Wandom process with zero mean and vartance of unily
i, |} Parumeten Tor envelope function
i i A set of random fumbers
h sSpecrl ordinane
il Constunts
! [ime period of structure
T T perwd correspossding W iR TESPONSE
! Impurtance fctor
£ Lotig [Belor
Ft‘h, Mumerical coellcient depend on basic stracural system
N Signi Beant number ol nusdes
Smt Spectral geceleraton n the & " direction
,-":k Bunlding s mosdul 'pmhu:puljml [aclor &
fagl Mosde shape armplinsde E!Hn L mﬂ]lﬂ pennd anel & directon
J.:-f,';' Coiviponent of fags far ¢ node podit aind & diection
A Muodal nuss for e mode
NH Total number af node ponts
NK Total number of direction ol molion & node poinl
A Owertuning m'i‘i'fm due Iumallﬁmes ik direction
Fia Lateral force at ¢ ngde paing fn & direction
Fi Base shear force in & diiection
hy Yercal distance from o node paimnit o base of building
T SITUETUTCTS % ML COMPRISITGE fesponse
4§ Cross=modal coefticien o
r Iatien oof naturnl n:ﬂnd ol j mode, ?}, o natural penod of i mode, Tr
1 Mutursl penod of £ maode
Ly Mitrial period of | mode

20



