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This paper examines the seismic behaviour of engineering struactures
through the mechanics of energy absorption which is governed by the
force deflection relation. An attempt has been made to relate the sei-
smic energy demand with the associated ductility for elasto plastic sys-
tems. Two parameters namely 'Energy Coefficient'! ahd 'Sway Ratio' are
suggested to study their earthquake behaviour and a lmethod of design
using these parameters has heen proposed.

ENERGY ANALYSIS

The governing differential equation for a single degree freedom
system is

m‘z‘ + CZ +R(Z) = - miy" XY (1)

where § is the ground acceleration, m is the mass, c¢ is the co-
efficient of viscous damping and Z is the displacement relative to
the ground. The solution of Eo- (1) for elastic and elasto plastic
systems is obtained by Runge Kutta method to.determine the respomse at
the end of each time step, by defining appropriately, the resistance
function R(Z) as shown in Fig 1. Multiplying B (1) by Z/m and inte-
grating from t to +t + &t, one obtains the incremental energy equa=
tion as followss

t+ A% o 1 . teat
f[ZZ+2P'SZ += zn(z)] it = - f ¥z at eee (2)
t t

or A4E + AE, + AEP = AE; ees (3)

in which % is the damping factor and P ig the circular matural
frequency.

The terms in Ede(3) represent increments per unit mass in, kdne-
tic energy BEk, energy dissipated in damping Ej, the total strain
energy Ep and the input energyu Ej to the system respectively. The
maximum values of these, during the passage of earthquake motion are
found and are denoted by Ek, Ed, Ep and Ej. Seismic energy demand,
defined as_the maximum value of (Ex + EP)_has been found to be nearly
equal to Ep. In the short period range, Ep for elasto plastic systems
‘has been found to be greater than the elastic kinetic energy walue Eg-
At zero period, the energy demand of elasto plastic system with 5%
damping, tends to assume a value of v%, where Vv is the peak ground
velocity in an earthquake. For $ = 0.05, energy Ep for elasto-
plastic system has been compared with smoothened elastic kinetic ener-
gy spectra, considering additional damping of 2% to account for
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hysteretic behaviour (1). This is shown in Pig. 2 for the longitudinal
capponent of Koyna Dec. 11, 1967 shock and for the north south compo-
nent of El Centro May 18, 1940 earthquake. Two parameters, *Energy
Coefficient' and 'Sway Ratio' have been obtained from the response
computations. Tnese are explained in following sections.

Energy Coefficients- To stud; the nature of energy absorption in
elasto plastic systems, the ratio (A), of the maximum total strain
energy Bp to twice the area under the force deflection curve, on
either side of the origin, upto the maximum positive and negative def-
lections attained during response, was determined. It nay be written
ass~

B
ey e )

where,
A1=:L1——12 (1 +20%); a= L (1 42)7)

in which Qy, Zy, v* and VY~ are as defined in Fig 1.
) + -
Calling VY, = VY +¥ , Ais obtained as,
= i 2 z 1 + v s s e
M= E 2 Q2 ( s) (5)

Energy coefficients )\ » Obtained for elasto-plastic systems
have been plotied against period T of the structure for the two
earthquakes and for two yield levels of 0.10 and 0.15 in Figs.3 for
5% damping. Two significant observations are made regarding the vwalue
of N . At zero period, A assumes a value of A, =9%/a, whereolis
the peak ground acceleration and g is the yield level of the struc-
ture, both expressed as fraction of g. The other point on these’cur-
ves has been located at a period equal to twice the predominant period
(Tps) of the accelerogram where A is found to bave a value of unity.
Here Tps is the predominant period of the accelerogram as obiained
from the Pourier Spectra. Thus as the period of the structure incr-
eases, )\ decreases and tends to ati{ain a minimum value of 0.25.

N may be interpreted as the minimum mumber of cycles of hysteretic
action experienced by the structure in an earthguake. The maximum
value of Ao has been found to be rot greater than 6{(2). From these
studies empirical relationship between N\ and period T has been
obtained for elasto-plastic system as followss

A= A, -pri/3 veu(6)

in which the constant b is determined from the condition that
A=1 at T =2 Tpse

SWAY RATIO
The nature of vibratory motion of structures during an earth-
quake has been studied by plotting values Y m ageinst Ys (Fig.4)

where Y m is taken as the maximum of either V*or Y and Vg is the
maximum width of the hysteretic loop as dgfined earlier. This figure
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shows variation of Y, with Vg for elasto-plastic systems with 5%
demping for the entire period range. Fig 4a shows result for two yield
levels of 0.0 and 0.15 for Koyna earthquake. Fig 4b shows similar re-
sults for EL Centro earthguake. It is seen that for values of Vg
less than 5, value of Sway Ratio (’\,=Vm/vs) is close to unity, while
for large values of¥ s, it tends to assume a value of (1 -q/n'. ).

PHILOSOPHY OF THE PROPOSED ENERGY METEOD OF DESIGN

Energy releazed at the focus of an earthquake has high frequency
content in the epicentral region and as the distance from the focus
increases, the acceleration pulses and the frequency content change due
to the effect of intervening medium. According to Seed et al (3), the
value of the predominant period shifts from a value of 0.25 sec at epi-
centre of Bl Centro earthguake to 0.35 sec at the hed rock level under
the recording station and as the waves travel upwards through the ovexr-
burden alluvial soil, it elongates to 0.55 sec. For Koyna earthquake,
there was almost no effect of distance and local geology, and that the
predominant period was 0.3 sec. Referring back to Fig 3, the period at
which )\becom.es unity are found to be 1.1 sec for El Centro shock and
0.6 sece for Koyna accelerogram. Also )\ attains a value of 0.25 beyond
the period range of about 3 times the predominant period at site. This
shows that for structures having periods less than about 3 times Tpg,
energy absorption takes place by cyclic hysteretic action and for str-
uctures having periods greater than this, energy absorption occurs
with shift of mean position. In the latter case, the maximum energy
level reached by the structure will be given by

QR_Z .
T = X ¥ \
Ep 7 (120, eee (7)
By comparison with Ei.§5 , it is seen that this equation can be
used for such systems with A= 0.25 and Vg =2 Yp.

METHOD OF DESIGN

4 design procedure based on the above philosophy bas been propo-~
sed, considering 5% dampings

‘ i) Determine the yield level 'q' and the corresponding yield
displacement Zyy, considering it as elasto-plastic system.

ii) Choose the peak ground acceleration ' &', velocity 'v' and
the predominant period (Tps) of the expected accelerogram at site,
using available procedures.

i?'i) _'Por'this accelerogram, obtain the smoothened energy spectra
;om)nderlng increased energy demand in the short period range (T <€
m .

iv) Obtain the energy coefficient A from Hg. (6).
v) Determine the energy demand for the period T of the

structure, as equal to mass times the ordinate of the energy spectra
_-and obtain value of V. :
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vi) Pind the value of VY p from the corresponding vilue of V.
vii) The ductility demand is then given as A = (1+ Yp).

The above procedure is illusirzted for four different cases for
which data is given in Table 1. The results are presented in Table 2
where energy values Ep have been taken from Fig 2.

CONCLUSIONS

The characteristics of ground motion at a site such as the peak
ground acceleration & and the predominant period Tpgs are shown to
govern the mechanics of energy absorption in nonlinear siructures hav-
ing yield level g, through the two parameters ‘'Energy Coefficient?
and 'Sway Ratio'.
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TABLE 1 - DESIGH DATA

Yield Q Period T . Peak Acce-
Bx. jevel (q) (kbgr) (g) {sec) Ground Motion leration (g)
1 0.15 750 0.2335 0.25 Koyna 0.63
2 0.10 500  1.4000 0.75 (Longitudnal)
3 0.15 750 0.2335 0.25 El Centro 0.32
4 0.10 500 1.4000 0.75 (1-8)
TABLE 2 - RESULTS
E .
Ex. P A o Theoretical
2 fsec2 ¥ Ductilit
(cm /sec ) >\o S ’1. uc/&.- ity A
1 1180 4.21  1.810 8.50 0.95 9.07 10.05
2 950 6.00 0.746 3.63 1.00 4063 4.86
3 1900 2.13  1.443 18.20 0.53 10.65 9.25
4 2900 3.20  1.136 8.30 0.68 6.65 6.76
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