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MOTIVATION

Near-fault ground motions may contain long-period coherent
velocity pulses.

Such pulses are generated by succession of high frequency
acceleration peaks or integration of distinguishable acceleration

pulses. These pulses could be detrimental for structures.

Current intensity measures (IMs) are not robust enough to capture
the destructive power of impulsive near-fault ground motions.

1999 M7.4 Kocaeli and M7.2 Dizce Earthguakes revealed the
devastating impacts of near-fault strong velocity pulses



INPUT ENERGY, DISSIPATION AND DAMAGE

Structural damage during strong ground shaking is
associated with both the seismic input energy and the
ability of structural components to dissipate energy
through viscous damping and inelastic cyclic response.

Energy balance equation:
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HIGH INPUT ENERGY DEMAND IN NEAR-FAULT

2004 Parkfield, California Earthquake
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Near-fault records may
generate sudden energy
input which is larger than the
accumulated energy at the
cessation of motion.

These energy jumps arise
due to existence of distinct
acceleration pulses
associated with long period
velocity pulses contained in
the near fault records.



EFFECTIVE CYCLIC ENERGY (ECE)

1994 Northridge Earthquake, California
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COMPARISON OF ECE WITH OTHER DEMAND PARAMETERS
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ECE is better correlated with peak seismic demand for a range of
system parameters than other IMs

Note: Inelastic SDF system has a bilinear hysteric model, and constant ductility = 6




ECE-BASED IM

ECE (AE, ) is a reliable measure of the critical seismic
energy transferred to a structural system and producing
the maximum cyclic deformation in a single effective
cycle. On the basis of this finding, an alternative IM

based on ECE is developed:

\/(AEI’maX)/m

Var = oD

m = mass of the system,
o= natural frequency, and
D = maximum displacement demand.



COMPARISON OF ECE-BASED IM WITH OTHER

NON-DIMENSIONAL IMs
n ” E./m E,Im
ECE o= VEn c=NZ1 EH / EI
wD wD
3.0 3.0 3.0 o 3.0
25 25 25 25
20 20
w
S 15| S 15
w
10 10
J:,—‘ Y @
05 | o 5t 05
0.0 1 1 1 1 0.0 1 1 1 1 0.0 1 1 1 0.0 1 1 1
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
3.0 3.0 3.0
25 2.5 25
20 20 20
w
545 | sn15 S 15 I
> W
% < o
P o S o
1 0'0 A 1 1 1
150 0 50 100 150 0 50 100 150 0 25 50 75 100 125 150
Max. Displacement (cm)

0.0

dis

persion.

Note: Inelastic SDF system has a bilinear hysteric model, and constant ductility = 6

ECE-based IM is more accurate because it provides smaller



CONCLUSIONS (1/2)

* The use of elastic response spectra as ground motion
intensity measures does not account for the effects of
loading history (the elastic response spectra of a
ground motion time history and its transpose are
identical).

» Effective Cyclic Energy (ECE) has been shown by Kalkan
and Kunnath (2007) to correlate well with the peak
displacement demand to near-fault ground motions
and is also sensitive to the loading history.



CONCLUSIONS (2/2)

 ECE as an intensity measure accounts for both the
characteristics of ground motion and the inelastic
response of the structure.

* Itis demonstrated that the ECE of a MDF system can
be approximated by the ECE of the inelastic equivalent
SDF oscillators at the first few modal periods of the

structure.

* Use of ECE in the development of a structural seismic
demand model is shown to improve the sufficiency of

the model.
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Effective Cyclic Energy as a Measure
of Seismic Demand
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Structural damage during strong ground shaking is associated with both the seismic input energy
and the ability of structural components to dissipate energy through viscous damping and inelastic
cyclic response. The correlation of the damage potential of ground motions with seismic energy
demand is an important element in developing energy-based design methodologies. This article pro-
poses a new measure of the severity of ground motions by introducing the concept of effective cyclic
energy (ECE) defined as the peak-to-peak energy demand (sum of hysteretic and damping energies)
imposed on a structure over an effective duration that is equivalent to the time between two zero-
crossings of the “effective velocity pulse.” The proposed energy measure, which is dependent on the
characteristics of the ground motion, is shown to be well correlated with peak seismic demand for a
range of system parameters. The development of ECE also provides a basis for defining a non
dimensional response index (Y. ) to quantify the destructive potential of ground motions. The effec-
tiveness of the new index parameter is validated using an extensive set of near-fault accelerograms
and also compared to other ground motion severity indices. Finally, ECE demand of a MDOF sys-
tem is estimated through modal-energy-decomposition of elastic and inelastic SDOF systems, and
the concept of ECE spectrum is proposed to estimate the modal target energy demands for perfor-
mance evaluation of structures.
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Abstract: A reassessment of input energy measures taking into consideration the
characteristics of near fault ground motions is presented. The difference between
absolute and relative energy input to structural systems is shown to be more significant
for near-fault than far-fault records. In particular, the coherent velocity pulse contained
in near-fault records resulting from a distinctive acceleration pulse rather than a
succession of high frequency acceleration spikes produces sudden energy demand in
the early phase of the response and is typically larger than the total energy
accumulated at the end. Studies using idealized pulses indicate that input energy is a
function of the shape and period of the velocity pulse. For spectral periods shorter than
pulse period, greater absolute energy is input into the system rather than relative
energy, while the reverse is true for spectral periods larger than the pulse period. The
discrepancy between two energy definitions is initiated by the phase difference in
ground velocity and system relative velocity, and it tends to be minimal as the pulse
period approaches to system vibration period. The significance of these findings,
based on linear SDOF simulations, is further investigated by examining the nonlinear
seismic response of a group of realistic buildings subjected to near-fault recordings
with and without apparent acceleration pulses. This study concludes that selection of
appropriate energy measure for near-fault accelerograms should be based on the shape
and period of dominant pulse in the record, and the vibration properties of the
structural system.
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