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of freedom systems. These spectra consist of yield displacement
constant ductility spectra, '
jec acceleration spectra and
.: elasto-plastlc, bilinear and stiffness degrading models are used
abarve spectra for various ground motions. An attempt is also made
- effectiveness of the 1inelastic response spectra design approach.
e SO designed is subjected to the Koyna, El Centro and an artificial
_ﬂmtj_lity requirements are computed by a non-linear time history
s comludm that the inelastic response spectra design approach

reduction factor
inelastic displacement spectra. Three

be helpful to develop design guidelines

which 1indicate how these peak response
parameters vary with the dynamic, mechan-
ical and damping characteristies of
a Structure. Such guidelines can be
formulated for single degree of freedom
systems in the form of inelastic response
spectra. The concept of inelastic res-
ponse spectra was first introduced
by Veletsos et.al.(1965). Later, Newmark
et.al. (1969, 1980), Murakami and Penzien
(1977), Lai and Biggs (1980), and Brise-
ghella et.al.(1982) carried out statis-
tical study on the response spectra
for different hysteresis models and
ground motions. They proposed dlffer'ent
alternatlves to construct the inelastic
response spec tra. Chamlras&caran and
Saini (1967) proposed reduction factors
for the E1 Centro, Taft and Kaym ear th-

quakes for the design of non-linear
systems. gsidate Y coukd Mg
This paper aims at generatian

slastic response apaetra of
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artificial earthquase © = ,5juate the
the inelastic response

cach.

attempt is ‘also
effectiveness of
spec trum design appr

2 INELASTIC RESPONSE SPECTRA

' uc tural
o e wimke motion 1s
through a tripartite logarithmic rfiﬁzie
spectra. The response of 2 non;s seeghd
system can Dbe represented DY meatr TURE)
Inelastic Yield Displacement Spec :?IAS)
or Inelastic Acceleration Spectra :

In the case of former the yield deforma t-

jon x necessary to 1imit the maxlmed

deforétion of the system to a‘sp : e
mul tiple of the yield deformation 1itse

X ~-Hx is plotted on the displacegent
aX1is. Thed spectral acceleration W X
mul tiplied by the mass gives the yield
resistance

A simple mea :
response to a given

" = ]

Ry = My xY K Xy ( )

which in the case of elasto-plastic sys-

tem is the maximum force in the spring.

For bilinear and stiffness degrading

systems with strain hardening slope k ,

the maximum force in the spring :f‘fs
given by

e
Hmax =m Xy (1-@-1(3([1-1)_) (2)
where,m = mass of single degree of free-
dom system, k = elastic spring stiffness,

;.ig utith lthe maximum forces
2 Diot R
= e obtaﬁx/'m on t.he acceleration
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relative to the base, y i35 ,
£ ol ¢ 18 time. The d.,. M
| differentiation with r e
time. | : : |
The change 10 stiffness at‘ a giver
step 1S obtained_from the load deap.
tion of hysteresis curve Oof the
based on the deformation Comnuted
the time 3step. 'The viscous 4., .8

is assumed proportionmal to the

the system. This equation is s¢
the step-by-step linear accelg,
method. The strength factor g is 4.
as the ratio of yleld resistance ;..
maximum inertial force for a given ...
quake motion, that is, ea

R
8 picg

G
i
ylﬂax

yield resistance

oo

y

Al termatively, structures with se
resistance coefficient c:y can be defines
as -

where R

Il

then 8

I
B
L]

max

-y
or f reves

-
- i,

In this form the strength facto
strgngth of the system as a
of its weight relative to the peak
acceleration expressed as a fr
of gravity.

The equation of motion can be solved
for elasto-plastic model, bilinear mod
or stiffness degrading model. The stil
NeSS degrading model is decomposed 100
dual component model to separate -
glastie component due to strain hardeni’®
TI?P et ot‘ lnelastic state deterimtifﬂ‘

€ non-linear component is shown in Fi&

1 and its ¢ : D2
etails are given by &
et.al. (1987). 2

2:2 Ground motions

gl Study three ground motiors
ﬁ sz e N“'s component of the El Centro
Of 1940, 1ongitudimal cO%P”

e
-




DEFORMATION

nd art]_flc'.lal ear thquake type

mmber‘s) The artificial earth-
ted using the nonsta-

shot noise modelling.
B earthquake was of 30 seconds
and the peak ground accel era-
sy, O.-24p, 0.31g

inelastic response

@gcm {IE), " was written to generate
~ the various response spectra. These
-mﬁ& are automatically plotted using
' ALCOMP plotter and the DEC 2050
_' The equatlon of motion was inte-
ra a ‘time step of 0.01 sec ond.
1 ﬁ EPE’G tr-a WEPQ genera ted
5 2 'j ues of the streng th factor B
ranging from 0.02 %0 0.10 at 0,02 inter-
o 1. 5 at 0.1 intervals, and upto
AR Yo e o ATIE _dlsplacement
1@! Patiea e 1.1.5,2,2.5,3,4,5,
s E‘ The curve corresponding to a
i S RENER ‘of 1 means elastic spectra. The
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o m computed for 44 values of
J_a ranging from 0.05 second
at: 0.05 sec intervals,
W' M sec intervals, and then
S gl ﬁr 25 sec intervals . The

.....
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3 1 Xield displacement spectra

it;r;era SLVEN “Sirength fadtor.: £+ “§5 o7
- 1est Lo know the variation of yield
isplacement with time period. - This
information is independent of the hyste-
resis model and depends on the mechanical
properties of the single degree of free-
d om ‘System only. This spectra gives
physical idea of the order of displace-
ment i1n the inelastic analysis. Figure 2

shows yield displacement spectra for the
Koyna earthquake.

3.2 Constant strength spectra

In design-one: Is usually intercsited in
controlling the displacement ductility u.
A plotof ductility.ratio i as a' funetien
of -~ Lime  pertod. . for soonstant yalves
of the strength factor B and damping ratio
¢ is shown in Fig.3. The displacement
ductility Tatios tehd " to deerease  with
increasing B values and with increase in
time period for all earthquake records
and hysteresis models. Sometimes, lines
of  conatant B  wvalues® €rgSs ‘over one
another. This implies that weaker systems
sometimes require 1less ductility than
stronger ones. These cross overs cCorres-
pond to a sharp drop with negative slope
in the B values versus displacement ducti-
lity curves as shown 1n Fig.§.:  Thas
tendency is a result of several factors
which are difficult to isolate. A similar
trend was observed Dby Mahin and Lin
(1983). In the interpolation procedure

used in the computer prograil IRS A F more
than one value of strength factor -13
encountered for a particular time period
and desired ductility, the largest value
of strength factor is selected so as
to be on conservative side in the design.

The constant strength spectra cahn be
used to determine the maximum ductility
for a particular system, time period an-:l
yield strength. The maximum displacemen
can then be determined Dby mul tiplying

maximum ductility . bY
this value of P

yield
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3.4 Reduction factor spectra
ZSiLéEtion factor spectra for the Koyma
quake 1isg Shown in Fig.6 Reduction

For ductility values of upte
the reduction factors are almos’
‘n the time period range of |

whereas for higher ductility
eduction factors vary signifi-
different period ranges:

lnelastic tra
acceleration spec
in rig. 7 using the reduc t10r




and 20 kN/m respectively. The " total
STIFFNESS DEGRADING effective welght W was 2900 KN and
G 5% the base shear was 170 kN. The frame was
DAMPIN vy designed for 1imit State of dcollapse
D:g;rc" 8 using M15 concrete (28 days cube strength
R =y MPa): and Pe 415 grade steel (yield
Stress = 415 MPa). The 81ze of girders
6 was 30 cm oy 50 em and that of columns
was 3U0Sem . by 60 om “Fhe frame members
L were designed so that BUF & oF"  CGRUnD
3 moments 1S greater than the sum of
girder moments at s Joint. The sagging
2 moment capacity of beams was taken at-
.5 Least /P of sthe nogging moment capacity
to ensure enough Strength against reversal
1.50 2.00 2-50 3.00 3.50 4.00 of stresses.
TIME PERIOD IN SEC. It was noticed that the design of floor

beams was governed by earthquake loading

N FACTOR SPECTRA FOR 1367 KOYNA and .that OF Sothel S o6 f beam. by gravity

6 R ucTIO loading. The outer columns in the lower
o EARTHQUAKE four storeys were governed by the earth-
quake loading. The rest of the columns

P 400 800 woe 280

REDUCTION FACTIOR

2.00 &

. o1 ' g.50 1-00
| 0

X X KN " gl the condition that sum
FTX AN ANV SN were governe y
& R q‘!”"\\g!k‘”ﬁt‘\\"" ‘z of the column moments should be greater
. N "‘"v‘i‘ "“ﬁl‘:.m:‘. “'..ql than sum.  of the girder moments at a
| E ?;;Es%miszﬂr N ‘!,f\fzs JOLIE Thus W ous iabveolss b thait. e
: 40 - W | i OA . ) :
o ﬁﬁ"yb/éi”:‘saka-’;e "4" inelastic response spectra will affect
~ o ? 4"!‘@'@?’2.\;? ﬁ?“%’! the design of only those members that are
54 ""n’ ':?'h‘dl A‘ua - i‘&‘g"'{‘ governed by the earthquake loading. For
' b A " wo'd o .
| ';:g ' 'ﬁ@")ﬁf?\\‘ éﬁsﬁ\’gf“ ’\‘\"4{’; other members no economy may be ai?]lez_ii
RO NEL ML o) reducing level of i et
@7 a XN O ;{::'E ~ ﬁi‘iﬁﬂ forces. However, the governing conditlo
7 "‘wﬁffér‘?&:éﬁ "E"_: g’ = 4."" for different members may change depend-
w : 2 . . ; ;
5 Mri?,ﬂg ..-./g ’4 ',‘46 45 ing upon the magnitude of gravity and
r,‘!"/ \J t ‘{ F )’léb"i ear thquake loading.
o Q¢d ‘i NN Pl 4‘4 For o “tokal sweight of 2900 kN -of 3
;"5\" 5 f“’"\\‘ ; ;}’%n’; frame, and a base shear of 170 kN the
b ’ i :
0 ‘\‘:\(4&@; < 1‘*"“\-..4‘# effective seismic coefficient is 0.06.
o k-r.‘n‘:‘:: ) TR ."‘: t; I ok fenn eriod of the struc-
el NNAXXD I \X r‘é.ﬁ'} SO T . Fpp this time period,
o L P A e W 9 e was l.32-85ees Ko .
m"" ‘a}'\“b"#u "‘AE% t;lm acceleration coefficient of ‘0-106
m}ﬂﬁ.:“\-‘m"‘ / pes o igaplacement ductillty
L 4P LN o @Y% <55 d' responds to a displa
o SRANARXERK AN, "0 oo on:fthe: Koyra ihelastie: response
0.02 0.06 0.10 0.2 0.40.6 1 -6 8 10 g0l Similarly, the corres-
TIME PERIOD IN SEC. spectra. 3 a ol B te
dineg displacement ductill
_ ponding the artificial earthquake
FIG. 7 INELASTIC RESPONSE SPECTRA FOR 1967 El Centro and SR e AR
KOYNA EARTHQUAKE inelastic response Sp€ b 2 EPENE
5-5:h1”e_SSP designed for a base shear O
‘Tl’;éo kN, may be considered t; 5hav”e Bbaend
) : - .
1 . Tty  oFnes
" '8ctors so obtained on the acceleration designed for aKdu;atl Ely Centro and the
31(18_ of the tripartite log paper. The D fOf’_ the Oih Clakes by using the
iantities on the displacement and aphiflcial _eai s%ic response sSpectra.
‘ :{-310011:}' dX€s are meaningless. Thilis Pespectiv(? :Lr;imi i 2 pabynls ?f
" dz:?tm Ve ditectly used 1In  the Inelastic sty S SR B out 1?
A e HEREMERR it luate the effectiveness O
it tfcl)aset;i response spectra Oénefhsgé
| ine - e
L ASEISMIC DESIGN OF ME 'ltih:adats stiffness degrading rt?;uleh&w:iu:::nul"
B M ' A FRA . imulate the hysteresls
s used to simu i concrete girders and an
‘fbai:;bay, B cment resiotine ) r-elnfor‘gfc nodel - with - axial-tlorass
| amlwas Selected for this study. The dead elasto-plas otion was assumed for
T ivel%ds at service were 27.5 kN/m moment intera
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& Figs. 8,9 and e s ar thquakes:
én tro and the aPtifiClal . nse para-c
e;l ectively. Only o A Jr'@Sl:_wl')r:)r*i.z'r:rfl’ﬁ tal
Iﬂetprs are Sshown - RS nal duc 7 iy
e 3
‘A ents of floors, & e The
displacem a nd columns.

nt curve
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base shear=-roof displaceme€

f the frame was a-° 1 10ads-
Eonically increaslﬂgf r%attheeraroof level
The yield displacement 10O Jue til ity

- nt
5. 6om. - The displacemc 1.6 under

was
. 1y 2.3 apd s
irements were 1.1, ificial
reun na. E1 Centro and the aPFlfl
the Koyna, ign displace-

ainst the des

ear thquakes ag P o8 vand -85

ment ductilities ) . nts

The displacement ductility requirenti
in : ’

of the frame are also shown e Py

ind. 10, The: ductility requiremer i
the time history analysisﬁ gpmes oud .
be much less than the ductility based O

the inelastic response SpECtP?. Thu%é
it can be concluded that the design bas§
on the 1inelastic response spectra 18

conservative as compared to the r'esull ts
obtained from the time history analysis.

5 CONCLUSIONS

Based on the results presented in this
paper, the following significant conclu-
sions can be made:

. The » inelastic  time chistery analysis
indicated that a frame requires 1lesser
gisplacement. ductiliey .. than: - that X ~for
which it has been designed using the
inelastic response spectra. Hence, the
latter design approach is conservative
and satisfactory. It gives the designer
some control over the amount of yielding.

2 By usigg the proposed reduction factors,
the‘ design seismic 1loads for

analysis b
a factor of asouwt  Jod: ta 15 degendinz

u;i;m the time period of the Structure
| the desired displacement ductility.

can be used to o
generate constg
= Nt stre
ngizzi’ constant ductility sDeeﬁiuj
on factor Spectra | 4
acceleration Spectra | oS
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