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The purpose of this thesis is to study the giastic
and 1ne1a§tic response of single degree of freedom systems
for Koyna accelerograms as recorded as well as for
modified, |

For elastic analysis the accelerogram is derived
in any arbitrary direction from the éecordad accelerograms
in mutually perpendicular directions, The elastic response
of structures is studied for the modified sccelerograns,
The effect of orientation of this direction with respect to
roecorded éccelaragram on the elagtic response is_alsa :
studied,

For the 1ﬁelastie analysis the earthquake record is
modified by arg\%mg its time base by a factor of 1,5, The
affect of this modification is studied on the inelsstic

response of the structures,
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CHAPTER . 1

INTRODUCTION

1.1 Introduction

The nature of the earthquake motion 4iffers
from place to place and also in different directions at the
same place, Strong motion Tecords are available only for
very few earthquakes, The informations are 1imited due to
the fact that the whole selsmlc region can not be covered
by the recording instruments as they are very c¢ostly. Therew
fore the aim 1s to utilise the avallable informatlon for the
design purpose, Since earthquske motion differs from place to
- place therefore the motion recorded at one place need to be
modified to use at other place, The effect of accelerogram
modification has already been studied for linear gystems by
various investigators and some important relations have been
obtalned, In the present thesis two types of accelerogram

modification studles are carried out as stated below.

(1) As the earthquske records are generally
avallable in three perpendicular directions and therefore
the response canbe obtained'only in these directions. But
some times we need to calculate the response in any general
direction, Here the modified accelerogram is obtained for
any general horizontal direction and the effect of the
direction is studied on the elastic response of the

structure,



(2) In case of inelastic studies the effect of
modifying the time base without altering the ordinates is
studied on the inelastic displacement response of the
structure, The elastic response for such modifications has

been studied previously(l4).

1.2 Qblectives of the Study
The objeets of the thesls may specifically be stated as
follous 3 |

1, To investigate the effect of the orientation
of a structurs with respect to two recorded
accelerograms in mutually perpendicular directions

on the elastic response of the structure.

2. To study the effect of the time base modificatlon

on the inelastic response of the sgtructures,

To achive the above objectives the following work
has been carried out. Ko¥na accelerograms recorded in
longitudinal and transverse directions of the Koyna Dem are

taken as the basis for all computations in the present study.

(1)  The modified accelerogram is obtained for any
d4rection ' ©' by vectorial addition of the ordinates of

the two accelerograms where '© ' is the angle from longl-

tudinal component,
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(11) Acceleration, velocity and displacement responsge
spectra and spectral intensity are computed for the recorded
and the modified accelerogram and comparision 1s made

between then,

~

(411) In-elastic response of single degree systems having
various yield acceleratlon velues have been computed for
the Koyna longitudinal component with the origional time
base as well for the elongated time base by a factor 1.5

(1v) The xpariation of ductility ratio with natural period
and yield level hag been studied for the origional and
modified accelerograms. |

(v) The reduction factor have been worked out for a
gtructure of given period and different ductility ratios.

{vi) The elagtic and inelastic dlgplacement regponse values
have been compared with referance to ductility ratiq and

damping vadues,



l@ge a = %’I w 05 see (21»1)

Hershberger (12) studied 108 strong motion records éf
60 ecarthquakes as united states during 1947 — 1954 and gave a
relationghip,

loge a = g I « 0.9 wes (2.2)

A1l the above studies show that variation in ground
accelerations for the same intmnsity 1s so great that such

values are hardly of significance,

It was congidered more appropriate to use 'magnitude!
vhich 1s an ingtrumental measurement of the shock for relating

with the ground acceleration.

Guttenberg and Richter(l8) assume that intensity of
ground motion is proportional to the cube root of the energy release.

This energy 1s calculated from the relationship,
10g1° E = 9%4 + 2«14l'1 L 0.054“2 LA (203)

This above equation is now modified as
10310 E = 111104 + 1,58 son (204)

Also it is assumed that ground moiidn intensity 1is
inversei§f proportional to the square of the distance from
epicentre. The ground motion distance relationship has been
borne out from the results of blast recorded by Cerder and
Cloud (9) The relationship is ap balow

éo e 204

D



CHBAPTER « 2

Reviey of Literature

2.1 Gaeneral

~ Barthquake resistant design becomes essential in
highly seismic areas espacially in case of tall and 1mpoitant
structures, ¥or coﬁputation of structural response in
gelsmic regiong, the maximum anticipated accelerations and |
the form of an accelerogram are required. As very small number
of past earthqunke records are avallable therefore it 1s
necessary to take advantage of the data already collected and
establish, relationghips expressing accelerations as a
function of maghitude, focal depth of anticipated earthqu-ke

and distance of the site from the epicentre,

2,2 Intensity.Acceleration and Magnitude Acceler:

Two approaches are generally used for determining

design coefficients for engineering structures in seismic zones,
One 1s based onr the *Intensity’ concept gnd the other on the
energy criterion, The magnitude (Richter) of anearthquake 1s
related with the energy released at the focus therefore in the
latter the peak acceleration ig derived from the magnitude of
tﬁe shock, |

Attempt has been made to relate ground accelerations,
with the intensity asigned on the basis of personal feeling and
Judgement (17, 18, 19, 35) Guttenberg and Richter (18) are
proposed a logpithmic relationship between maximum ground acce-

leration 'a' and intensity 'I' as follows:



ground aceceleration

H

where
= energy released obtalned from equation (2.3)

epicentral distance

- S = B I Y
4]

= focal depth
consgtt absorbing the effect of ground conditions.

a
u

Equation (2.,4) would give exceedingly 1arge aeceler-
ations fcr earthquakes of magnitude greater than 7, gpecially
near the epicentre. Hougner (2P) believes that there seems to
be an upper 1limit to the‘grounﬁ acceleration'ﬁuring earthguake
however big the gshock may be. The bigger is the magnitude of
an earthquake the greater is the area with high intensity of
motion and therefore highest intensity of ground motion near
the epiceﬁtre does not greatly differ from thdt during moderate
shocks, 4 welue of 0.5 g has been suggested as an upper limit
to the acceleration by Hougner, This value is only rough

estimate of expected acceleration,

During Ko¥yna earthquake 1967 (Magnitude 6,7) the maximum
acceleration recorded was 0.63g., Also in Assam shotk of 1897
(Magnitude 8.5) throughing up of boulders from mountaln sglopes
was an indicatlon of acceleration to‘ba'of the order of 0.6
to 0,65 g. 1t is significant that maximum ground acceleration
was same in both shocks but the extent of areas that suffered
damage was widely different’ in the two cases,

Assuming 0,65 g as an upper limit to the epicentral
écceleration Jai Krishna and Brijesh Chandra (31) have given
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the rolationships for calculating the epicentral acceleration
ond aceceleration at any other point, far distant from the

epicentre,

Uging the acceleration.magnitude relationship (30)
the following relation is obtalned

— h ?6'.5 ee  (2.5)
(H.5)

A0 =  2.925
8

Regarding attenuation of acceleration it is postulated
that shallow focus shocks die oul faster wvhere as the attenuation
is much slower in deep focus shock, It is assumed that the
attenuation 1is an exponential function of»(D/h)a/z, Expressing

acesleration 'a' at any distance D,
a = as e =X (p/m)/2 ees  (2.6)

where o¢= arbitrary constt, Parkfield earthquoke of
1966 has offered acceleration values for more than one location,
and therefore provides useful data for evaluating according
to this <<= 0.28 therefore

"Z' (2.926 5 -0 /32 | (2.7)

h

Equation 2,7 expresses maximum ground accelerations at

a distance 'D' from the epicentre with magnitude M,end focal depthd,



The equation £€2.7) is also available in the form of curves,
The values of the attenuation factor < as determined by

8liding and overturning of objects for Ko¥na and Broath area s

are 0.1 and 0.4 respectively,

The important parameters of accelelogram which affects
the response of the structure are

1. Peak acceleration
2., Frequency or period of wave,

3, Effective duration and total duration of record.

To study the affect of above parameters on the resﬁanse
~ of structure, a comparative study of Koyna m4 El.centro eartha.
quakes was carried out by Jaikrighna and 5.8. Saini (32),

Koyna 1967 Bleentro 1940
Peak acceleration 0.63 g 0.33 g‘
Total duration 10 Sec 30 Sec
Magnitude 6,5 ‘ 7.1

Bpicentral distance-vith in 2 milc 30 miles,

For the two earthquakes the velocity spectra were draun
and 1t was concluded that for very short period the response
due to Koyna earthqualke wag more than that due to Blecntro but for

longer periods the response due to Elcentro earthqu-ke was more
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than due to Koyna earthquake, The regponse spectrs for the
Koyna shock is depressed in the longer period range and thus
exhibits a different pattern than.ohtained for Elcentro shock,
Higher frequency components'are present in the Koyna record

than in Elcentro record,

[ ]

The poak ground acceleration of Koyna earthquake is
apﬁroximately tuvice that of Elcentro earthquake, Had the
waveform of the two been of the same pattern, the response due
to Koyna shock would have been t@iée that of dua.to Elcentro.,
However, the response due to Koyna is much lesset over a wide range
of longer periods, Therefore peak scceleration alone doesg not
represent the exciting potential of an earthquake shock, Ths
frequencies associated with the acceleration pulses are as
important as the peak acceleration, 1In fact the regponsge is an
integrated effect over the effective duration of strong ground

mctiono

Effective Duration

An Earthquake results in the highest spectral response
during the few seconds of the record having highest peaks, The
‘rest of Tecord before and after these pesks does not effect the
maximun response, The duration of this part of the record is thus

termed as effective duration.

"" >
> A
ik A

The higher frequency conponents are attenuated very
quickly. Therefore as the eplcentral distance increases only
the lower frequency components remains, the structures having

larger period will be affected much more than the structures of

TAasr nariadea
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2.4 Elastic Resnonse of gtrudures

( The elastic response of the structures can be very
well obtained with the help of the specbhum curves, For the
design purpose Housner!s average spectra may bde used by multi.
plying a suiteble multiplying factor,

2,5 Azemage Spectra (24)

For the purpose of obtaining response parameter Sv
a standard spectra mufit be defined in such & way that the
excitation potential 'Q of an earthquake may be used to obtain
the multiplying fattor., Also the standard spectra must take
care of the fact that in different ghocks the peaks will‘hava
random distridution with respect to period paraweter Hougner's
average spectra satisfy these requirements, These are obtained
by averaging the spectrum values of the 8 componentsof the
four strong ground motion records (Elaentrd 1034, EBicentro 1940,
Olympia 1949 and Thaft 1962) and turnout is a neat smooth
shepes. = Multiplying-factors for these shogks have been asigned
as 1.9, 2.7, 1.9 and 1,6 respectively,

2,6 Detorminatiow of Hultiplying Factor (13)

A method to workout thig factor was developed by Jaikrishna
(30) using the megnitude, distancew.acceleration relationships,
Multiplying factor could then be easleulated in proportion to the
peak acceleration at that site, The response of the structures
1s not only affected by the peak acceleration but also affected
by tho frequency of wave form., Therefore question of multiplying
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factor should be viewed with respect to response gpectrum

rather than the peak acceleration alone, In fact the excitation
potentlal of an earthquake shock at a site would be better |
ropregented by the quantity spectral intensity(24) which gives

a qualitative idea regarding the structural response of -
structures having periods varying from O.1 sec¢c to 0.25 sec,

ﬂathematically

‘ths
Sl = S Sy (1,¢ ) af
- ' 0.1

s,

For the purpose of comparing the potential of various shocks it
1s desirable that only undamped gspectral intensities should be
workout,

Problem of determinatioﬁ‘of ﬁultiplying factor is
divided in to the following sheps

1. Determination of undamped spectral intensity of an earth.
quake with peak ground acceleration as unity. This will be
referred to as normalised spectral intensity (8lo)n and

epicentrel digtance D 1g sought,

2, Determination of peak ground acceleration 'd' expected at
sight.

3. Exciting potential of an earthquake ‘Q’could then be workout
at any place from the folloving equation

¢ Q. = 8 (SIo)n
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4, 'Q' thus calculated may be interpreted as a multiplying
factor for the standawd spectra.

t ot

Multiplying factor F = ~==g~3g

For calculating the quantity 'q, a and(SI,) p are
‘required, These may approximately be computed as follow

a) (SIg), = 0.426D # 573 e (2,8)
B sk = e TH . eomsom¥2

\

By the above procedure, the effective gtructural
response spectra in the elastic range can be worked out without
acbually having the recorded accelerogram. The parameters to be
assumed are the magnitude M, the depth of focus h and the
epicentral distance D. For determining these a gtatistical
approach based on past earthqueke history of the area, locatlon
of active faults and ghort term micro-tremor study has to be
used ané aboVe nil, tralned Judgement based on study of past
oarthqﬁakes and their corelation with selsmo tectonics will be

most essential.

2.7 Concept of Reduction Pactor (21)
For very high seismic force the elastic design of the

structures becomes uneconomical and plastic deformations are
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pernitted to g cirtain extent, The plastic design becomesg very
much economical from the fact that for 1ﬁela§tic range'tho
hysterisis loop cnclose a larger area and therefore the energy
dissipation is better in this case. Ultimately our ain is to
dissipate the energy fod into the structure dus tb carthqunke
and therefofe plastic design is recommended, Though the plastie
dogign 1s desired but at the sam time it is very cumbersome and
timo consuming to design the gtructure for plastic range. There,
fore the structurc is designed elastically but for a cirtaln
reduced selsmic force and this factor by which we reduce our

_ seisnic force for design is known ag the reduction factor

The reduction factor depends upon the ductility ratio i.e, upto
vhich extent ve want to go in plastic range. The ductility is
the ratio of maximum deflection to the yield deflection.

2,8

An alternative approach to the determination of
offective seismic coofficient is to consider the energy absor-
ption during deformations for balancing the dynamic energy input
to the structure, Such an cnergy balance may be assumed as &
necessary requireacnt for stabllity of the structure at the
instant of time whon the structure has the maximum velocity
spectrum value Sv and ¥ tho weight of the structure, the
maximum energy in put will be = Egg“
be capsble of balancing this enorgy by partly storing as elast

« The gtructure must

strain energy, partly dissipating it by damping and partly
absorbirg by plastic doformations at that instent of time. Uhe
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the energy absorbed by the atructure equals the energy input
for a perticular defilection Am then the reconeiliation of
energy tekes place. Thigs approach is more suitable for multi.
storeyed buildings than the more sophisticated approach of
inelastic analysls because of many secondary elements existing
sn the building; the effeet of -hich can not be included in
the sophisticated analysis but could easily be cnnsiderédmén the

energy approach,

| ” -

1. Use of average speetra can be made(for the elastic
design of structure, which can teke care of frequently
ocewrring earthquakes in the life time of the

Btructwa. s

2. For larger shotks the strength go provided will be
adequate 1f the structure has ductile deformation

capacity without decrease in strength,-



3.1 Genera)

As it is not necegsary that all the structures may
be located in the direction of the recorded accelerogram,
in order to analyse the structures which are situated in any
general direction the nacessity of modifying the accelerograms
in that direction is felt, Here an attempt is made to know
the response spectTa in any general direction, The Koyna
earthauske accelerograms aere used for this purpose,

With the help of the two recorded accelelogram in the
two mutually perpendicular directions, accelerogram in any
general direction ©'is obtained by the vector addition, vhere 9’
1g the angle with the koyna longitudinal component, For
this purpose the two accelerograms were séanneﬁ.simultaneously.
Every paak'of each accelerogram was considered one after the
other.-~FoFcooch pedk of one, the corresponding acceleration
valve of the other was determined by lincar interpolstion ani
" the two were then vectorially combined to glves the peak in
the aceelersgrem at angle '©'s Thus number of peaks in the
accelér§grams of intermedinte angles 1s very much inereased,

A computer program for accelerogram modification was prepared
and 1s given in Apendix II, Modified accelerograms &r'e
obtained here for 6= /6, ©= T/4 and G = T/3 and are
shown in Figure 4.1 ¢, d and e,
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Elastic response spectra are obtained for recorded
and modified Koyna accelerograms, For comparision the spectral
intensities for various dampings are caldﬁlated for all
recorded and modified Koyna accelerograms using Simpson's
Rule., The computed spectral intensitles are compared in
Taeble 3.1,

3.2

Equation of Motion

Considering a single degree freedom gystem consisting
of a single concentrated mass 'm' a linear spring constant
‘! and a viscously damped dashpot having a damping force
proportional to the relative velocity, the equation of motion

is given by
' mfi' + 2p€ x + pax 2 - m‘}(t) ‘ ses (Bnl)

vhere x = displacement of mass relative to base
< z_proportion of eritical damplng
-p = ﬁnaampea natural frequency'of system 3{%7;
y{t)= acceleration of ground, supporting the system.

The elastic response of a system can be obtained by
golving equation 3,1, The maximum response of a system
such as maximum value of relative displacement, relative
velocity and absolute acceleration are algo termed as
spectral response i.e. displacement Tespohse spoctra,velocity

response spectra=zand acceleration response spects, If the
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ground motion acceleration record is avallable, the deter-
mination of gpectral response involves the evaluation of { -

OLvv, integral for a series of values of periods and
damping. Since the ground motion is very much complicated,
o explicit golution is possiblé: Mechanical and Electrical
analogs have been used to solve tﬁis,problem. “The use of
digitel computer for determination of spectral response has
bocome more popular. The response can be obtained by solving
the differential equation using numerical techniques such as
Rungekutta method (28).

3.3 PRarameters of Study
In computing the elagtic response spectra for the
various angles from zero to /2 the following parameters

have been used,

Barthquake Motdong
| Two recorded Koyna longitudinal end trangverse
components with the duration of 7,15 seconds are used for

this study, These accelerograms are shown in Figure 3.1
b and f,

Perlods
0.1 sec to 0.3 sec at 0.02 soc intervals
0.3 sec to 1.1 sec at 0.05 sec 1ntarvala‘
1.1 sec to 1.5 sec at 0.1 sec intervals

1.5 see to 2.5 sec at 0,25 sec intervals

2.5 gec to 3.5 sec at 0.5 sec intervals
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Damping Factors

‘T = 0.0, 0.02, 06055 061, 0.2,

3.4 Response Quantities

The response quanties calculated are the relative
diaplacément, relative veloeily, absolute acceleration and
spectral 1ﬁtensity. The displacement response gpectra, |
velocity response spectra and acceleration response spectra
are plotted for all koyna recorded and modified components.,
For the sske of the comparision of the damaging potential in
various directions, the spectral intensities of koynea modifled
and recorded components are, calculated for § = 0.0, 0.02

and 0.05 and are given in Table 3.1l. .

Spectral Intensity(24)

It is the grea under the velocity response curve
between the period of 0.1 sec to 2.5 sec for a perticular
damping, Mathematically. |

2,6
8.1, = ;S Sy (T,§) ar,

0.1

From displacement gpectrum curves, Figure 3.2 to 3,6
4t 45 seen that for a perticular value of damping the

displacement responge remains almost same for all values of ©
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for periods upto 1.5 seconds where as the response greatly
differs for periods more than 1,5 seconds, For longer
periods the regponse is maximum for longitudinal component
(0= 0) and is minimum for transverse component (0 = 77/ 2)
Tho response for other values of U varies in between and
docreases as the angle O’ increases, It is also seen that

as the damping increases responge decreases,

(b) Yelocity Response Spectrum

Velocity spectrum ewrves from Figures 3,7 to 3,11 for
various vlues of 'O' show that velocity response decreases
as 'O ' increases and is maximum for D= O and minimum for

D =T/2 for wide range of periods,

Spectral intensities are calculated for all valuaes
of and for dasmping factors of ¢ = 0.0, 0,02, 0.05 and
are plotted against angle b, Figure 3,12 1If i1s seen
that spectral intensity decreases as the angle‘é increases,
It 15 maximum for O= O and minimum for 8= T/2, | The rate
of decrease of gpeetral intensity increases with 'O"' up to

9= /4 and after that this rate decreases,

(¢) Acceleration Response Spectra |
From figure 3.13 to 3,17 it is seen that the acceler-
atlon response varies very slightly with the variation of
For upto periods of 1.5 second the value can b'e taken almost
same, but for periods greater than 1,5 sec, the curves are
distinct and response is maximum for ©= 0 and minimum for .
= Tye,



4.6 Conclusion .
Response spectral quantities are not much changed for

all values of 6 for a period range upto 1,5 seconds, But

for periods longer than thigs, the values do differ and are
maximum for longitudinal component and minimum for

trensverse component, For intermediate directions, the Tesponse
values kkliein between, The gpectral intensities élso decrease

from 0 to T /2,



Table 3

Spectral Intensities for various modified
Koyna Earthouakes

$.No. |Damping Spectral Intensity

factor |Tg =0 lo=w/6 | e=n/& _ lo=n/3 | e=n/?

1. 0,0 1.385726 1.269342 1.131184 1.010053 0.872226

2, 0.02 1.144129 1.013844 0.903480 0.795817 0.7185644
3. 0,06 0.981746 0.863506 0.764394 0.689003 0.627893
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CHAPTIR - 4

To achive the economy in design some plastic deformations
are permitted during large earthquake shocks. To under gtand
the behaviourﬁ%tructures in the post elagtic range it is necéssary
to solve ﬁhe governing nonlinear defferential equations of motion.
throughout the history of grouni motion, The nonlinearity
primarily arises becauge of non linear force.deflection character.
istics of resgtoring elements. of struoturalststem. The generai
nonlinear force.deflection curve suggested by Jennings (29) explains
the actual restoring force charaﬁteristiés of most of the gstruc-
tures. Elagtoplastic forcaudeflection characterisgtic is one

extremun of general nonlinear curve,

As distance from epicentre inereages the higher frea.
quency component of accelerogram dlesut and the low frequency
components predomlnate. To study the effect of frequency
content of accelerogram én'the inel astie resgponse, the time
base of the accelerogram is modified, Here for the present
study the Koyna longitudinal component is choosen and it is
modified by multiplying the tims base by a factor A = 1,5,
which will be treated as modifiea'accelerogram through out *

the inelastic analysis discussion,

4,2 Effect of Time Bage Modification on Elastic Responsq (14)

The effect of time base quification in the elastic
range was studled by Brijesh Chandra and A.R.Chandrasekaran,
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Equation of motion for single degree freedom system,

elastic response is given as follov

W25 4 oo 8% skx = enEL v (4.1)
at2 at at? ) )

if 'c = 2t then equation (4.,1) will be modified as

o 2
n > * ¢A AT + kx m ot 2
. 4t
or mﬁi' s dx . Bx .- =;-m .@fl. (4.2)
acd 3 4t a2 ac2 )

Solution of equation (4,2) in terms of spectral quanti-
ties of modified time bage accelerogram and those of origional

can be written as follow ¢

(Sa),, = (Sa)T x A%

(SV)?T = (S )T XA

vhere  (8g)apy (Sy)yy and (Sg),p are modified values and
(5a) 7, (S,)p and (S)p are origional values,

Which shows that the spectral displacement is multiplied

by a2, gpoctral velocity is multiplied by A and the spectral
acceleration remaing same, Spectral intensity is mulfiplied by A.



The equation of motion of a single degree freedom
system gubjected to earthquake type of excitation ig

ax + R(x, X, t) = . ay(t) cass (4.3)

Nass of the structure

where

Registance forece

i

m
R
x = Displacement of mass rélative to bage
y = Ground motion displacement |

t

= Time

The superscripted dots defines differentiation with
regpect to time, The resistance force 'R' 1is seporable irfo

dan}?,ng force 'D' and restoring force 'Q'.

4.4 Dpmping Force

Knowledge of damping is netessary in order to explain
the observed damage., But complete information 43 not available
about the damping mechanism in actusl structures. With the
present knowvledge of damping characteristics damping is taken
into account through a cencept of equivalent viscous demping.

4,5 Regtoring Force Characteristics

| in order t{; make a rational nonlinear analysis it is
necessary to know the appropriate load deflection hysterisis
loop. Various type of characteristics are (1) Linear, -
(2) Bilinear (3) Elastoplastic (4) General nonlinear,



Here for the present analysis elasto-plastie hyéterisis

loop is chosen,

4,6 Analysis of & Noniinear System (29,40)

The equation of motlon for Single degree freedom

nonlinear system is

mx +R (X, X, £) = - my(t) ve  (4,3)

agsuning V1seous}damping
D = ex | | e (4,8)

¢ = coefficient of viscous damping

equation of motion becomes
mxX'dex’+ Q@ = . my(t) e (4.5)

dividing both side by mp? 4y

._.x._.+___g&___t+ ! Q= gk §(t) (4,6)

pexy mpZxy mp“z, Pexy
or =X+ 2tE s & 2 . =yi(b) o (47

P ”.jquﬂ = Undamped natural frequency

Ks = “gg_ 2 glope of load deflection curve at the

origin



“J‘%ﬁ"“% Sl - [&

qy = & = yield level

m

 The yleld level qy 1s the gcceleration of the system

that jJust csuses the gpring forcoe to attain its yileld strength
¢= T = fraction of critical damping

Ce =jé’f{;; = eritical damping

Equation (4,7) 1s of nondimensional form the maximum
value of %;. that occurs during an earthquake reprosents the

ductility ratio for the system,

Response of the system can be known by eolving equation
(4,7) which will provide the complete history of deformation of
the gystem as a function of time. The only nonlinesr ternm in
the equation i1 the term corresponding to the restoring force,
The restoring force versus deflection,eur#e is assumed elasto-

plastic and is shown in Figure (4,1).

The differential equation is solved by fourth order
Rungelkiutta Method (28), A small time intereal is considered
desirable to ensure a sufficlent accuracy in the numerical
solution of nonlinear diffprunteal equation, A time factor
of 40 has been used in the computations, Tiﬁe.factor is

defined as a positiwe constant vhich determines the desirable
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time interreal to be used in computations, The degirable time
interreal is one which has a duration of T/, Time factor,
vwhere T is time period of vibration of the structuro,

4,7 Parameters of Study

The following parameters have been used in this study

Accelerogram - koyna longltudinal component
Length of record used = 7,15 seconds
Time base modifications factor, M= 1.5

Periods : 0.ly 042y 0.3, 0.4, 0.5, 0.75, 1.0, 1.25,

' 1,5, 2,0 and 2,5

Damping factors, <4 = 0.02, 0.06

field levels, dy = 0,05z, 0.1g, 0.158, 0.2g, 0.25g,0.3g
Time factor = 40

From the results of inelastic analysis, the signifiaant

response quantities are obtalned as follows

1) Displacemént response obtained in terms of «~§~
4

11) Velocity response obtained in terms of;;JSL-
¥

iii) Abgsolute acceleration response obtalned interms
of' s '
pax,

wWhich means that all the response quantities are obtained

in nondimensional form..



’ And Heduchlo

(a) Ductility ratio - It is defined as the ratio of
the maximun inelastic displacement to the yield
displacement, If maximum inelagtic displacement

is X and yield displacement 1s Xy then

li= «%.. 1s known as the ductility ratio.

(b) Reduction Factor - A nonlinear system can be
related to a corresponding linear system by using
the concept of reduction factor, The reduction
factor may be defined as follows :

c

R - —

£ Cg

vhere Rr Reduction factor

i

c = Selsmic lateral load coefficient for the
linear system having the same stiffness as
a nonlinear system in the elastlic range,
' = -32—-
y g
dy = Yield level

Accoleration due to gravity

o
1)

4,10 Besults of Inelastic Analvsis
(a)

Ratio oY suS . 5 LY ’
Figure 4,2 and Figure 4.3 show the variation of
ductility ratio with natural periods of structure for different

value of yicld levels, These graphs are presented for damping



factor of 0.05., The general trend of the‘curves show that for
for a perticular yield level the ductility ratio decreases as
the period of the structure increases, Also for a perticules
structure the ductility ratio decreases as the yield level
increases. The structures with period more than 1.0 Sec remains
elastic for yield level more than 0.15g in case of Koyna
longitudinal, For modified Koyna longitudinal ( A = 1,5)

the structures with period more than 1,5 se¢ remalns elastic

for yield level more than 0,15g,

The effect of time base modification on ductility
ratio versus period is shown 1n.Figﬁre 4,3, All the curves
shift towards the longer periods, which means that for a
perticular yield level the ductility requirement increases.

(b)

Figui? 4.2 vas used to detormine the reduction factor
for g perticular ductility ratio for Koyna longitudinel and
for damping factor of 0.05. A plot of reduction factor versus
natural period for A= 1 and P= 1,5 45 shown in Figure 4,4,
From the curves of different ductility ratio for} =1 it is
observed that for a wide range of periods the reduction factor
decreases with decrease in ductility ratio. It is also seen
that for all values of ductility ratio the reduction factor
first increases upto period of 0.4 sec and then decreases,.
The minimum reduction factor available with'ductility ratio
of 2, 4, 6 and 8 are 1.6, 2,7, 4.1 snd 5,0 respectively, For
A= 1,5 the reduction factors for all ductility ratios are less
than the corresponding recduction factors for‘)\u 1.0 Fig. 4.4,
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Caleulation of reduction factor for various ductility ratios

is shown in Table 4,1 and 4,2,

(¢) Comparision of Inelastic Displacement Respongse For Origional

and Hodifled Koyna Longitudinal Component

Retio of maximum inelastic displacement response for
modified and origional Koyna longitudlnal is caleulated for
various periods and yleld levels and is tabulated in Table 4.3,
The results are also plotted in the form of curves Figure 4,5,
It is seen from the curves that there igs no regular relation-
shlp between the inelastic response of origional and medified
accelerogram and therefore for every time base modification a

‘separate analysis is required,

(d) Comparative study of Displacement Response of Linear and

Nonlinear Systems,

Figure 4,6 shows the comparision of maximun relative
displacement of elastoplastic and elastic systems as function of
natural period for damping factor of 0.05, The curves gre
plotted for various values of duetility ratio. It 15 seen from
Figure 4,6 that inelastic displacement response is less than the
elastic response upto period range of 0,55 sec and ductility
ratio of 4, For longer periods and higher ductility ratios the
- inelastic response is alveys greater than the elastic response,
Caleulation of glastic and inelagtic digplacement response and
their ratio is shown in Table 4.4,
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4,11 GConclusions

1., The reduction factor increases with the increase in
‘ductility ratio, For all values of ductility ratio
the reduction factor first increases upto a period of
0.4 sec and fhén décreases. This is the general
trend but the time period at which the change occurs
varies with the earthgquake,

2, There is no regular relationghip between inglastie
. displacenent response of origional and modified time
base. Therefore for each time base modifications a

saparate analysis is requlred;

3. Upto period range of 0.5 sec and dnctility ratio 4 the
inelagtic displacement response is less than tﬁe COrrese
ponding elastic respmnse.' But for periods more than

0.5 sec and ductility ratio more thanh 4, tha inelastic
displacement regponse is greater than the corresponding

elastic response,
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F1G. 4.1 _HYSTERISIS LOOP FOR ELASTOPLASTIC SYSTEM
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ARPENDIX - I

TATIONS
Notation Explaination
,é% peak ground acceleration at the epicentre

a » peak ground acceleration at any distance

D from epicentre,

c - Coefficlient of equivealent damping
c constant absorbing the effect of ground condition

in the energy acceleration relationghip

Ce eritical damping

D epicentral distance

B energy released at the focus

F multiplying factor _

g accclergtion due to gravity

h focal depth |

I 1nbensi£y of earthquake

k stiffness of the elastic system

Kg slope of the lo-d deflection curve at the origine
n ‘mess of the structure

M  Magnitude of earthquake

P undamped natural frequency,ap]fQ}i
'Q oxciting potential of an earthqunke
Q restoring force

Qy eharactefistics restoring force

dy yiad level Qy/m

R rebfstance force

Ry reduction factor
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Explaination
Spectfal Intensity
normalise spectral intensity
spectral acceleration
spectral digplacement
spectral veloeity
time
undamped natural period of structure
weight of the structure
relative displacement of the gystem
maximum displacement
characteristics displacement

relative velocity of the system

absoiute acceleration:of the gystem

- ground displacement at any time

ground acgeleration at any time

arbitrary constant in the attenuation curve equation
time base multiplying Factor |
horizontal angle from Koyna longitudinal component
dampinz factor

duetility ratio



APPENDIX -II

COMPUTER PROGRAM

¢ PROGRAMs ACCELOGRAM MODIFICATION; SAHADEOQ
: DIMENSIONT1(300)172(300)’T(600)oAl(BOG)’AZ(300)’A(GOO)’A11(300)
READ1 oNC1sNC29IND19IND2yIND3
1 FORMAT(2134315)
21 FORMAT(I394(F8:345F946)915)
9 FORMAT(24H INDEX ERROR IN CARD NO=13)
10 FORMAT(34H CARDS NOT IN SEQUENCE AT CARD NO=13)
READ LONGITUDINAL ACCELOGRAM DATA
DO11I=1sNC1
J2=4*]
Jl=J2-3
READZ2LIsNCo(T1I(K)»AL(K)sK=J1sJ2)sIND
IFCIND1-IND)33,22+33
22 IF(NC=1134,11434
11 CONTINUE
GOT060
33 PUNCH9sNC
STOP
34 PUNCH104NC
STOP
READ TRANSVERSE ACCELOGRAM DATA
60 DO0O1l10I=14NC2
J2=4%]
Ji=J2-3
READR1 sNCo(T2(K)9sA2(K) eK=J1l9sJ2)»IND
IF(IND2=-IND)335220,433 '
220 IF(NC=1)344+1104+34
110 CONTINUE
N=4%NC 1
M=4%NC 2
J1=2
DO26I=1eN
D030JU=J1sM
IF(TIt1)~T2(J))15916530
15 All(I1)=A2(J=1)+(A2(J)=-A2(J~ l))*(TI(I)*YZ(J—I))/(TZ(J)“TZ(J*I})
Jl=J
G0OT020
16 All(l)=A2(J)
Jl=J
GOT020
30 CONTINUE
20 CONTINUE



71
31

91

70

80
81

82

50
40
42

86
45

Kal -

J1=1

DO4OT=1sM
IF(1=1)454T0571
IP(T2(1-1)=TIIN) 17070531
K=K+1

T(K)=T2(1~-1)

AlKI=A2(1~1)
IF(I~M)409914945
K=X+1

T(K)=T2(I)}
A(K)=A2(1)
GOT042
DOS50J=J1l N
KeK+l- ‘
IFIT2(1)=T1(J))180+81+82
T{Ki=T2(I) '
A{K)=A2(1}

Ji=J

GOT04L0
T(K)=T2(1}
A(K)=A2(T)
JimJ+l

GOT040
T(K)=T1(J)
AlKi=Al1(d)
CONTINUE
CONTINUE

ND=K /4 o
DOBENC=14ND |
J2=4%NC

Jl=J2-3

PUNCH2L1sNCo (T(IT)sA(TET )9 1I=J14J2)sIND3

CONTINUE
STOP
END
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HORIZONTAL COMPONENT IN ANY DIRECTION THETA.
DIMENSIONT{500)9AL{500)+A2(500})sA(500) :
READIsNC1oIND1sIND2sIND3, THETA
FORMAT(I3+315+F8a6)
FORMAT(I3;¢(F8'&9F9o6l’15?
Cs5Y=COSFUTHETA)

SN1=SINF(THETA)

DO31=1,NC1

J2=48 ]

J1=J2-3

READ2oNC st T{K) »ALIK)IsK=J1 9 J2) s IND1
CONTINUE

DO41=1NC1

J2=h%]

Ji=J42-3

READZ sNCo{T{KIsAZIKIsK= Ul ed2s1ND2
CONTINUE

N=4¥NC]

DOS5I=1sN

AlIN=AY{1)2CS1+A2(])%SN]

CONTINUE

DOGND=19NC1

J2mL%ND

Jl=Jg2=-3
PUNCHZ2sNDo{T{TI)sALIY0l=Ul e J2)9IND3
CONTINUE

STOP

END

- SAHADEC
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Ssle BY SIMPSONsS RULEs SAHADEO
DIMENSTONH(20)sY(100)
SelemsSPECTRAL INTENSITY
HeINTERVAL

READ1O1sNT

Ne{NT-1)/2

READ102s (H(I)sI=1sN)
READ1IO3s(Y(K)s=1yNT)
FORMAT(I3)
FORMAT(16F543}
FORMAT(8F1046)
FORMAT(5F10e6)

SUM={

DO1I=1leN

Kz2%]

SUM=SUM+HIT ) #{Y(K~1)+4e %Y (K)+Y (K+1))

S1=43333333%5UM
PUNCH104»SI
GOT020

STOP

END
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