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The safety of large structural systems especially infrastructures against major earthquakes is of high importance.
Considering issues like nonlinearity of the behaviors in severe earthquakes, probable interactions with soil and water, size
of the current computational models, and the everyday smaller digitization steps of recording devices, transient analysis
against earthquakes is generally time consuming. To reduce this run-time, a technique was proposed in 2008 (Soroushian,
2008), that replaces the earthquake record with a record digitized in larger steps. Application of this technique to analysis of
many structural systems has reduced analysis run-times without noticeably changing the accuracy (e.g. see (Garakanienzhad
& Moghadas, 2015), when the enlargement scale, n, i.e.
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In Equations 1 and 2,
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Dt new are the digitization steps of the original record and the record after

implementation of the technique respectively, T is the smallest worthwhile period contributing the target response, and
'100' is adequate for many nonlinear behaviors (see NZS1170, 2004). Ambiguities exist in the definition of T.
Accordingly, Equation 2 cannot be simply checked, especially prior to the analysis. However, values for n satisfying
Equation 2 existed in the studied cases. The only case for which the technique was not applicable because of Equation 2
was analysis of an earth dam reported in (Hosseini, 2018). In 2017, the technique was enhanced (Soroushian et al., 2017),
such that to replace Equation 2 with:
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where R+ implies the set of positive real numbers. Replacement of Equation 2 with Equation 3, though cannot eliminate the
drawback originated in T, enhances the chance of applicability. Note that, in using Equation 3 instead of Equation 2, n can be
obtained between one and two leading to considerable faster analysis. Considering the importance of dams in civil
engineering, the considerable transient analysis run-time, and the weak point reported in (Hosseini, 2018), in this study, the
authors test the performance of the enhanced technique (Soroushian et al., 2017) in transient analysis of a specific earth dam
studied in the literature by times (Hunter & Fell, 2003; Daziano, 2017), see Figure 1. As some main modeling details, the
material model is Hardening Soil (Hunter & Fell, 2003), the soil structure interaction is taken into account, using absorbing
elements in the boundary, and the excitation is taken into account by applying the earthquake record to special nodes at the
bedrock. As the earthquake record, twelve records are selected from the databanks of Iran, USA, Japan, Taiwan, and Turkey.
For design purposes, the enlargement scales are set such that the resulting digitization steps equal 0.0225 sec. Using the 2D
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PLAXIS finite elements software, the fifteen node triangular elements displayed in Figure 2, the average acceleration time
integration method (Newmark, 1959), the modified Newton-Raphson iterations, and 0.01 as the nonlinearity tolerance, the
transient behavior of the dam is analyzed once with the original and then with the reduced records. The results display
considerable reduction of run-time in the price of tolerable loss of accuracy (see Table 1). (Further study is ongoing to clarify
in very detail the effect of replacing Equation 2 with Equation 3.) Especially taking into account the cases in Table 1 with
enlargement scales smaller than two, we can conclude that the enhancement proposed in (Soroushian et al., 2017) can bring
about more applicability for the technique proposed in (Soroushian, 2008). Repeating the study for other structural systems
specifically the case addressed in (Hosseini, 2018), and meanwhile study on full elimination of the shortcoming originated in
T, are areas for future research.
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Figure 1. Cross section and material zone of a specific dam subjected to ground acceleration.
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Figure 2. 2D Soil elements: (a) Nodes, (b) Stress Points.
Table 1. Run-times of analyses of the dam in Figure 1 when implementing the techniques proposed in (Soroushian, 2008; Soroushian et al., 2017)
against four earthquakes and comparison with run-times of the ordinary analyses.
Run Time (hour)
Crest Settlement (m)
Event
Duration (sec)
f Dt (sec)
Ordinary
New
Ordinary
New
1
Tabas, Iran (1978)
0.02
32.84
5.92
4.36
9.07
9.88
2
Kobe, Japan (1995)
0.02
44.78
8.67
7.70
5.25
5.39
3
Loma Prieta, USA (1989)
0.05
24.26
16.11
5.32
2.29
2.21
4
Chi-Chi, Taiwan (1999)
0.004
121.96
54.83
18.58
3.66
3.49

REFERENCES
Daziano, M.A. (2017). Seismic Vulnerability Assessment of Earth Dams. Doctoral Dissertation. Universidad Nacional de
Tucumán, Argentina (in Spanish).
Garakaninezhad, A. and Moghadas, R.K. (2015). On the performance of a technique to accelerate time integration when
applied to space structures analyses. 5th ECCOMAS Thematic Conference on Computational Methods in Structural
Dynamics and Earthquake Engineering (COMPDYN 2015). Crete Island, Greece.
Hosseini, S.E. (2018). Numerical Study of the Pattern of Stress and Cavity Water Pressure in the Impermeable Core of
Earth Dams Because of Earthquakes. M.Sc. Dissertation, International Institute of Earthquake Engineering and Seismology
(IIEES), Tehran, Iran (in Persian).
Hunter, G. and Fell, R. (2003). The Deformation Behaviour of Embankment Dams. Uniciv Report NºR-416. University of
New South Wales, School of Civil and Environmental Engineering. ISBN: 858413833.
Newmark, N.M. (1959). A Method of Computation for Structural Dynamics. Journal of Engineering Mechanics ASCE,
85(3), 67-94.
NZS 1170 (2004) Structural Design Actions, Part 5: earthquake actions-New Zealand, New Zealand.
Soroushian, A. (2008). A Technique for Time Integration with Steps Larger than the Excitation Steps. Communications in
Numerical Method in Engineering, 24(12), 2087–2111.
Soroushian, A., Zarabimanesh, Y., Soleymani, K., and Khalkhali, S.M. (2017). A new technique for fractional
enlargement of integration steps in transient analysis against digitized excitations. International Conference on Structural
Engineering Dynamics (ICEDyn 2017), Ericeira, Portugal.

International Institute of Earthquake Engineering and Seismology (IIEES)

