Journal of Ferdowsi Civil Engineering
https://civil-ferdowsi.um.ac.ir/

77

Vol.35, No.1, 2022. (77-88)

DOI: 10.22067/jfcei.2022.73042.1072

The Influence of Ground Motion Duration
on Maximum Displacement of

Elasto-Plastic SDOFs*
Research Article

Mohammadhossein Hajimohammadi*
Horr Khosravi? Reza Dezvareh®

1. Introduction

In seismic design of structures, design codes generally
consider the influence of two key parameters, that is,
earthquake intensity and frequency content. However,
ground motion duration effect is usually ignored. In other
words, seismic design criteria are based on short duration
ground motions and seismic performance of structures
under long duration ground motions needs further inves-
tigation.

Many studies have focused on the influence of strong
ground motion duration on the structural damage param-
eters and the obtained results have been very different
based on the different structural damage criteria. In gen-
eral, studies in which cumulative damage criteria such as
hysteric energy have been used, show a significant effect
due to ground motion duration but other studies that have

used maximum inter-story drift or displacement show

much less effect. It is worth noting that recent studies, in
which the incremental dynamic analysis (IDA) have been
performed, state that the influence of ground motion du-
ration is obvious in near collapse inter-story drift and high
earthquake intensities.

In this paper, the elastoplastic response of single-de-
gree-of-freedom (SDOF) systems subjected to spectrally
equivalent ground motion pairs were compared. In order
to investigate the gravity load (P-Delta) effect along with
the duration effect, an innovative algorithm was proposed
and implemented that provides an appropriate design of
analysis of SDOF systems.

2. Analysis procedure and nonlinear modeling

In this research, an algorithm was presented in which 1)
the structural strength was determined based on elastic
base shear of system under earthquake ground motion, R
factor and gravity load and 2) SDOF systems was sub-
jected to spectrally equivalent record pairs. Figure 1
shows design and analysis steps. The proposed algorithm
is totally implemented in MATLAB in which some sup-
plementary OpenSees codes are called for linear and non-
linear time history analysis of SDOF systems.

For nonlinear modeling of SDOF systems considering
the P-Delta effect, the details of models are as follows:
e Rigid beam-column: the modulus of elasticity and

moment of inertia of the element is adjusted to be

rigid relative to rotational spring stiffness.
Rotational spring: in order to assign the elastoplastic
behavior to SDOFs, a rotational spring is used at the

base of the beam-column.

Concentrated mass: a concentrated mass of is located
on the top of beam-column element.
Gravity load: a gravity concentrated load is assigned
to the top of the beam-column element, i.e., the loca-

tion of the concentrated mass.

Damping: The damping of linear and nonlinear sys-
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tems are assumed to be 0.05.

3. Construction and Analysis of nonlinear
systems with gravity load
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Figure 2. a) Nonlinear behavior of SDOF system with and
without P-Delta effect, b) Schematic view of SDOF model

Figure 2 shows the schematic view and nonlinear be-
havior of SDOF models.

3. Results and discussion

The proposed algorithm was implemented more than
150,000 times for 146 earthquake record pairs, 41 peri-
ods, 7 stability indices, and 2 R factors. The maximum
displacement ratio for long-duration to spectrally equiva-
lent short-duration records (6) was determined. Then, for
statistical evaluation, bias and dispersion of 6 were calcu-
lated. The bias is calculated as the median of 6 and refers
to the exponential of the average of the natural logarithms
of 0 (i.e. the geometric mean). The dispersion also refers
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to the standard deviation of the natural logarithms of 9.
For clarification, Figure 3 shows the acceleration re-
sponse spectra for one of 146 spectrally equivalent record
pairs.
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Figure 3. Acceleration response spectra for one of 146 spec-
trally equivalent record pairs

Figure 4 shows the values of bias and dispersion in
SDOF systems with R=2 for different periods and stabil-
ity indices. As can be seen, the bias values for different
periods and stability indices are always about one. There-
fore, the maximum displacement values in long and short
duration are on average equal to each other and do not
differ significantly. However, the dispersion value is
about 0.25, indicating that the most of values for 6 vary
between 0.75 and 1.25.
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Figure 4. Bias and dispersion of SDOF systems with R=2
for a) data separately, b) all stability indices, and c) all pe-
riods

According to Figure 4 and the similar graphs for R=3,
there is not a considerable duration effect on the maxi-
mum displacement of structures, even for high stability
indices.

Since for some of earthquake records and some of the
designed structures, the maximum displacements are very
large and exceed the displacement capacity of structure,
these cases were considered as collapsed systems. In this
study, when maximum displacement for the nonlinear
system exceeds 1.5 times the linear displacement, the
structure considers to be collapsed and its data was omit-
ted in calculating 6 and bias and dispersion.

Figures 5 and 6 show the frequency of collapses for dif-
ferent periods and stability indices. It can be seen that the
frequency of collapses for structures subjected to long-
duration ground motions have been almost always about
2 times that of short-duration ground motions.

In addition, increasing R factor and stability index in-
creases the collapse frequency, while increasing the pe-
riod of the structure usually reduces the number of col-
lapses.
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Figure 6. Collapse percentage of structures subjected to
long and short duration ground motions for different sta-
bility indices

4. Conclusion

The analysis results indicates that in tolerable range of
displacements, no correlation was found between strong
motion duration and maximum displacement, even for high
stability indices. However, when displacement exceeds
the displacement capacity and the structure is collapsed,
the number of collapses for long-duration ground motions
is about twice the short-duration ones.
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