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ABSTRACT :

The main objective of this paper is to simulate the near fault strong motion records. Due to uncertainty and
unavailability of strong recorded ground motion in near field and also existence of some important structures
such as the massive LNG storage plants near to fault, simulation of ground motion has been carried out using
the hybrid method proposed by Mavroeidis and Papageorgiou (2003) and stochastic model of Boore (2003) for
simulating reliable time histories for Tombak region in south-eastern part of Iran. The ground motion spectrum
is generated by Atkinson and Boore model (1995). Firstly, macro-source parameters characterizing the whole
source area, i.e., global source parameters such as fault length, fault width, rupture area, average slip on the fault
plane and etc., are estimated; secondly, slip distributions characterizing heterogeneity or roughness on the fault
plane, i.e., local source parameters are reproduced by hybrid slip model; finally, the finite fault source model,
which is developed based on the global and local source parameters, is combined with the stochastic method and
also the impulsive character of near fault ground motion has been incorporated. Then, the response of site under
simulated ground motion has been studied by conducting one dimensional ground response analysis. Based on
the present study bed rock acceleration and ground surface acceleration of the site have been established.
Comparisons show good agreements and confirm that selected source parameters were satisfactory reliable. The
results can be used in hazard analysis of specific sites in the region under study particularly for performance
analysis of structures.

KEYWORDS: stochastic model, impulsive character, long period pulse, ground motion generation, earthquake,
site response

1. INTRODUCTION

The stochastic method of synthesizing ground motion based on seismology interests engineers greatly in
simulating higher-frequency ground motions and is widely used to predict ground motions for regions, in which
ground motion recordings from damage earthquake are not available (Boore, 2003). Ever since, many
researchers have applied the method to simulate ground motion from point sources (e.g., Boore and Atkinson,
1987; Toro and McGuire, 1987; Chin and Aki, 1991; Atkinson and Boore, 1995; Zafarani and Noorzad, 2005,
2006, 2007 and 2008). On the other hand, realistic time-histories acceleration should be used in structural
analysis to reduce uncertainties in estimating the standard engineering parameters (Hutchings 1994), particularly
for non-linear seismic behavior of structures. At the high frequency (f >1Hz), ground motions become
increasingly stochastic in nature. On the one hand, the gradually increasing number of recorded near source time
histories has recently enabled strong motion seismologists to analyze more precisely the character of the
near-fault ground motions and therefore contribute to the physical understanding of those features that control
them (e.g., Campillo et al., 1989; Somerville and Graves, 1993; Abrahamson and Somerville, 1996; Somerville
et al.,, 1997; O’Connell, 1998). Mavroeidis and Papageorgiou (2002) presented a comprehensive review and
study of the factors that influence the near-source ground motions. In another article (Mavroeidis et al., 2003),
they presented a comprehensive study of the elastic and inelastic response of single-degree-of-freedom (SDOF)
systems subjected to synthetic near-fault ground motions generated by the analytical model. The model
adequately describes the impulsive character of near-fault ground motions both qualitatively and quantitatively.
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In this paper, due to unavailability of strong recorded ground motion, firstly, the stochastic method proposed by
Boore (2003) is applied to simulate the acceleration time histories. The Ground motion spectrum is generated by
Atkinson & Boore model (1995) and after that, a simple, yet effective, analytical model proposed by Mavroeidis
and Papageorgiou (2003) is used to adequately describe the impulsive character of near-fault ground motions
both qualitatively and quantitatively. The calculated response spectra are compared with those of the mentioned
in IBC 2000, Iranian Code of Practice for Seismic Resistance Design Building (Standard No. 2800) to validate
the availability and practicability of the proposed method for near filed Tombak site in south-eastern part of Iran.
Then the response of site under simulated ground motion has been studied by conducting one dimensional
ground response analysis. Based on the above study bed rock acceleration and ground surface acceleration of
the site have been established.

2. SIMULATION METHOD

2.1. Stochastic Finite-fault Simulation Method

A simple and powerful method for simulating ground motions is to combine parametric or functional
descriptions of the ground motion’s amplitude spectrum with a random phase spectrum modified such that the
motion is distributed over a duration related to the earthquake magnitude and to the distance from the source
using SMSIM FORTRAN code. This method of simulating ground motions often goes by the name ‘‘Stochastic
method.”” It is particularly useful for simulating the higher-frequency ground motions of most interest to
engineers (generally, f > 1 Hz), and it is widely used to predict ground motions for regions of the world in which
recordings of motion from potentially damaging earthquakes are not available. The ground spectrum Y (Mo, R,
f) is conveniently broken into several simple functions — the Earthquake source (E); the Path (P); the Site (G)
and the instrument or type of motion (I).

Y(My, R, f) = E(Mo, /)P(R. )G/ )1 (f) @1
Where, My is the seismic moment, R is the shortest distance from the fault to the site and f is the frequency.
Atkinson & Boore model (1995) has been used to obtain the ground motion spectrum. The source spectrum E is
obtained by the following equation specifying both the shape and the amplitude as a function of the earthquake
size.

S(My, [) = Sa(My, ) = Sp(My, f) 2.3)

The expression of each function, related parameters and the steps of synthesizing ground motion can be found
elsewhere (Boore, 2003).

2.2. Analytical Model Proposed by Mavroeidis and Papageorgiou (2003)

In the case of near field strong ground motions, most of the elastic energy arrives coherently in a single, intense,
relatively long period pulse at the beginning of the record, representing the cumulative effect of almost all the
seismic radiation from the fault. The phenomenon is even more pronounced when the direction of slip on the
fault plane points toward the site as well. Mavroeidis and Papageorgiou (2003) proposed a simple, yet effective,
analytical model for the representation of near-field strong ground motions. The pulse duration (or period), the
pulse amplitude, as well as the number and phase of half cycles are the key parameters that define the waveform
characteristics of near fault velocity pulses. In this study the analytical wavelet signal proposed by Mavroeidis
and Papageorgiou (2003) has been chosen and expressed by
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Jiny = A % {1 + cos( Efp:f)} cos(2afpr + V)

2.4)

Parameter A controls the amplitude of the signal, fp is the frequency of the amplitude-modulated harmonic (or
the prevailing frequency of the signal), ¥ is the phase of the amplitude-modulated harmonic (i.e., ¥ =0 and

v = *1/2 define symmetric and antisymmetric signals, respectively), 7 s a parameter that defines the
oscillatory character (i.e., zero crossings) of the signal (i.e., for small 7 the signal approaches a deltalike pulse;
as / increases the number of zero crossings increases), and t, specifies the epoch of the envelope’s peak. The
analytical expressions for the ground acceleration time histories compatible with the ground velocity are

{2 -
. [ 27fp .
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=1 =1y + =— with y = [,
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alt) =

0, otherwise

2.5)

Assuming that the duration of the pulse is independent of the source—station distance for stations located within
~10 km from the causative fault, the pulse period and the moment magnitude are related through the following
empirical relationship obtained by least-squares fit analysis:

5 = =29 £
10&7—‘]3 2.2 + 04 [ww (26)

The proposed methodology consists of the following steps. A program has been written in MATLAB to provide
the following steps:
(1) Select the moment magnitude M,, of the potential earthquake and calculate the prevailing frequency, fp,

using equations (2.6). For selected values of the parameters A, 7 and ¥ (or for a suite of values of these three
parameters), generate the coherent component of acceleration time history (or a suite of time histories) using
equation (2.5). (2) For the selected fault—station geometry, generate synthetic acceleration time histories for the
moment magnitude, M,,, specified previously, using the specific barrier model. (3) Calculate the Fourier
transform of the synthetic acceleration time histories generated in steps 1 and 2. (4) Subtract the Fourier
amplitude spectrum of the synthetic time history generated in step 1 from the Fourier amplitude spectrum of the
synthetic time history produced in step 2. (5) Construct a synthetic acceleration time history so that (1) its
Fourier amplitude spectrum is the difference of the Fourier amplitude spectra calculated in step 4 and (2) its
phase coincides with the phase of the Fourier transform of the synthetic time history generated in step 2. (6)
Superimpose the time histories generated in steps 1 and 5. The near-source pulse is shifted in time so that the
peak of its envelope coincides with the time that the rupture front passes in front of the station.

3. THE SEISMOTECTONIC AND SEISMICITY OF TOMBAK REGION

The Zagros regions one of the most seismically active regions in Iran. The Tombak LNG terminal are located
along the Persian Gulf northern coast, south of the Zagros Mountains, which mark the deforming zone
separating Arabia (Arabian plate) and Central Iran (Eurasian plate). The massive LNG storage tanks exist in
terminal. These tanks have high importance from engineering and economical point of view so seismic loads
should be considered in design and so in the relevant codes of LNG storage containers emphasize that a seismic
hazard investigation should be conducted for regional seismicity and earthquake events of known near fault.

4. RESULTS AND DISCUSSION

All parameters used for simulation are summarized in Table 4.1. The near field strong motion time histories that
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have been obtained from the stochastic method are presented for two levels of earthquakes (475y and 5000y) in
Figures 1 and 2. The long period pulse has been calculated and presented in Figures 3 and 4 for both return

periods.
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-300

Figure 1 Synthetic acceleration time history

Table 4.1 model parameters

Input parameters Value
Seismic Moment, Mo 6.5 x 10* Nm
;? Average asperity stress drop, Ac 60 bars
§ Shear wave Velocity of the bedrock (site), vs 3.5 km/s
E« Density of the bedrock, ps 2.8 gr/ cm’
§ Shortest distance between source and site, R 5 km
; Duration of Strong Ground Motion, Tem 15s
2 Q (frequency dependent quality factor) 100 x £°%
g fmax (cutoff frequency) 10 Hz

Cq (Rupture velocity) 0.8 x shear-wave velocity
Return period 475 year 5000 year
. Magnitude 6.5 7.0
g {rg Epicenteral distance 5 5
3 E Depth 11 14
= Hypocenteral distance 12 15
3, Amplitude of pulse, A 50 90
2 é Phase of pulse, ¥ 134 100’
2 g Oscillatory character of the signal, 7 1.5 2
= Time shift, to, 5s 64s
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Figure 3 Long..I-)eriod pulse
(Return period = 475 year)
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Figure 2 Synthetic acceleration time history

(Return period = 5000 year)

Figure 4 Long -I;Griod pulse
(Return period = 5000 year)

In this stage, the pulse acceleration superimpose to the synthetic acceleration time history. The near-source
pulse is shifted in time so that the peak of its envelope coincides with the time that the rupture front of the
station. The final acceleration time histories for both levels of earthquakes are shown in figures 5 and 6. The
response spectra obtained from simulated strong ground motion analysis for 5% damping are shown in figures 7
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and 8 for return periods 475 and 5000 year, respectively. As it is clear in Figure 7, the response spectrum has a
sudden increasing for period range of 1 to 4 seconds that shows the effect of long period pulse and also in
Figure 8 this increasing has happened in period rage of 2 to 6 seconds. Therefore, structures which their periods
settle in these ranges, are influenced from near field with long period pulse ground motion. In Figure 9, the
smoothed response spectra which have obtained for return period of 475 year have been compared with IBC
2000, Iranian Code of Practice for Seismic Resistance Design Building (Standard No. 2800). This Figure shows,
in the period range of 0 to 1 second, the response spectrums are close to each other but when the period exceeds
than 1 second, the effect of long period pulse become apparent in response spectra.
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Figure 5 Final acceleration time history Figure 6 Final acceleration time history
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Figure 9 Comparison between response spectrums
5. SITE RESPONSE ANALYSIS

Soil investigation and borings are carried out for the detail design of storage tank foundations and spill basin
structures of the Project in Tombak area. Seismic tests of downhole are done for full depth (80m) and shear and
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compression waves velocity (Vs & Vp) are determined. The results are presented in Table (5.1). Based on
Iranian building code the shear wave velocity more than 760 m/s is assigned rock therefore the seismic bed rock
is located at 10m. The Iranian Code of Practice for Seismic Resistant Design of Buildings (standard No. 2800)
has been used to classify the type of the soil in the project. The soil is type II and class C in according to 2800
standard. One-dimensional ground response analysis of the site was carried out by equivalent linear approach

using SHAKE 91 program (Idriss et al., 1992).

Table 5.1 Soil properties

The average shear wave velocity of soil within 30 m was found to be around 650 m/s. The results of ground
response analysis are presented in Figures 10 to 13 which indicate that the increase of PGA at the surface is not
so much and about 1.06 and 1.11 times higher than at the bed rock for 475 year and 5000 year, respectively. The
response spectra obtained from ground response analysis for 5% damping are shown in Figures 14 and 15.
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Figure 10 Simulated acceleration time history on bedrock
(Return period = 475 year)

Figure 11 Obtained surface acceleration time history
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6. CONCLUSION

The present study has been focused on the simulation of acceleration time histories for Tombak area in
south-eastern part of Iran. The simulation of ground motion has been carried out using the stochastic method
proposed by Boore (2003). After that, the analytical model proposed by Mavroeidis and Papageorgiou (2003) is
applied to consider the impulsive character of near-fault ground motion. Then the response of site under
simulated ground motion has been studied by conducting one dimensional ground response analysis. The results
can be used for estimating the probable ground motion acceleration time-histories to be used in hazard analysis
of specific sites in the region under study particularly for performance analysis of exiting structures. The ability
of this hybrid method in simulation strong motions is also shown in this study. The simulation parameters
obtained in this study can be used to asses the strong-motion level at a much larger number of sites, where no
record is available, to investigate how different characteristics of motion affected damage distribution in the
Tombak region. Based on the above study the following conclusions are arrived:
e The maximum PGA at bedrock at the Tombak site is established as 0.32 g and 0.35 g for return period of 475
and 5000 year respectively.
e Ground response analysis indicates, the small increase of PGA at the surface is about 1.06 and 1.11 times
higher than at the bedrock for return period of 475 and 5000 year respectively.
e The response spectra obtained from the analysis indicates that the effect of long period pulse appears in the
period range of 1 s to 6 s which is the typical range of period for LNG storage tank structures constructed in
the Tomabk region.
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