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ABSTRACT
A procedure to generate horizontal pairs of synthetic near-fault ground motions for given
earthquake source and site characteristics is presented. This method builds on the simulation
procedure developed by Dabaghi and Der Kiureghian, which requires as input information about
the source (type of faulting, magnitude, depth to the top of the rupture plane), the site, and the
source-to-site geometry (closest distance to rupture plane and directivity parameters). Directivity
parameters require knowledge of the geometry of the fault rupture and of the hypocenter location
within the fault rupture plane, which may not be readily available. However, these parameters have
a great effect on the characteristics of near-fault ground motions expected at a given site, including
the probability of pulse-like motions. This study illustrates the near-fault ground motion simulation
procedure when given only the type of faulting, earthquake magnitude, source-to-site distance, and
site properties. Monte Carlo simulation is employed to account for the different ranges of possible
rupture directivity conditions by randomizing the fault dimensions and the hypocenter and site
locations according to their probability distribution models. The models used include the Wells
and Coppersmith relation for the mean rupture length given earthquake magnitude and the model
for hypocenter location developed by Mai et al. Randomizing the hypocenter and site locations
also allows comparison of the synthetic motions with the NGA-West2 ground motion prediction
equations, which do not require directivity parameters as input. Results show that the statistics of
the simulated motions generally agree with those of the NGA-West2 GMPEs.
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allows comparison of the synthetic motions with the NGA-West2 ground motion prediction
equations, which do not require directivity parameters as input. Results show that the statistics of
the simulated motions generally agree with those of the NGA-West2 GMPEs.

Introduction
Given the scarcity of recorded near-fault ground motions, realistic synthetic ground motions can
be used in seismic assessment studies in addition to or in place of recorded motions. However,
these synthetic ground motions must capture the important characteristics and the natural
variability of recorded motions for given earthquake source and site characteristics, including the
near-fault rupture directivity effect.
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A method to generate synthetic near-fault ground motions for specified earthquake source
and site characteristics was proposed by Dabaghi and Der Kiureghian [1-3]. This method accounts
for the rupture directivity effect and produces pulse-like and non-pulse-like motions in accordance
with their observed proportions among recorded motions. The input required includes information
about the source (type of faulting 𝐹, magnitude 𝑀𝑤 , depth to the top of the rupture plane 𝑍𝑇𝑂𝑅 ),
the site (𝑉𝑠30 ), and the source-to-site geometry (closest distance 𝑅𝑅𝑈𝑃 , directivity parameters 𝑠𝑜𝑟 𝑑
and 𝜃𝑜𝑟 𝜙). In this paper, discussion is limited to strike-slip faults for which 𝑠𝑜𝑟 𝑑 = 𝑠, the length
of the rupture that propagates between the hypocenter and the site, and 𝜃𝑜𝑟 𝜙 = 𝜃, the angle in a
horizontal plane between the fault rupture plane and the direction between the epicenter and the
site. Parameters 𝑠 and 𝜃 affect the probability that the ground motion is pulse-like and the
characteristics of the pulse (amplitude and period).
The values of 𝐹, 𝑀𝑤 , and 𝑅𝑅𝑈𝑃 of the scenarios that control the hazard at a given site with
known 𝑉𝑠30 can be obtained from deaggregation. However the values of 𝑠 and 𝜃 are not as readily
available. In this paper, a simulation procedure that considers the uncertainties in source and site
locations is proposed. Monte Carlo simulations are conducted to randomize the fault dimensions
and the hypocenter and site locations according to their probability distribution models. The
simulations thus cover the possible ranges of rupture directivity conditions.
Magnitude-Rupture Dimension Relationships
To calculate 𝑠 and 𝜃 for a strike-slip earthquake, information about the rupture length, the location
of the hypocenter along strike, and the location of the site is required. Several relationships that
relate fault rupture area to 𝑀𝑤 are available and extensively used in the literature (e.g., [4, 5]).
However to calculate 𝑠, the length of the fault rupture is required. The mean relation proposed by
Wells and Coppersmith [4] to estimate the subsurface rupture length 𝐿𝑅 given 𝑀𝑤 for strike-slips
faults is used:
E[log10 𝐿𝑅 ] = −2.57 + 0.62𝑀𝑤 .

(1)

This relation is compared to fault geometry data from the NGA-W2 database [6] for earthquakes
with 𝑀𝑤 between 5 and 8 and for which the rupture dimensions were determined using inversion
of seismic waveforms. The error terms that are obtained on log10 𝐿𝑅 have a mean of approximately
0 and a standard deviation of 0.165, which is slightly higher than the value of 0.15 which was
estimated by [4]. The former value is used to simulate rupture length in this study.
Hypocenter Location
As for the location of the hypocenter along strike, it is simulated based on the model by Mai et al.
[7], similarly to what was done in [8]. Mai et al. [7] found that data about the location of
hypocenters does not support the commonly made assumption that hypocenters are uniformly
distributed along the fault. They found that the location of the hypocenter along the strike of the
fault can be modeled as a random variable following a truncated normal distribution with mean of
0.5𝐿𝑅 and standard deviation of 0.23𝐿𝑅 [7].

Simulation Procedure for Random Hypocenter and Site Locations
If only (𝐹, 𝑀𝑤 , 𝑅𝑅𝑈𝑃 , 𝑉𝑠30 ) are known, a procedure is developed to simulate possible directivity
conditions (𝑠𝑜𝑟 𝑑, 𝜃𝑜𝑟 𝜙). For a strike-slip fault (𝐹 = 0), the following procedure is adopted:
1. Given 𝑀𝑤 , log10 𝐿𝑅 is simulated as a normally distributed random variable with mean
estimated from Eq. 1 and standard deviation of 0.165. A random number generator is
employed to sample a length from that distribution.
2. Given 𝐿𝑅 , the hypocenter location along the length of the rupture is simulated as a truncated
normal distribution having a mean of 0.5𝐿𝑅 and a standard deviation of 0.23𝐿𝑅 .
3. Given 𝐿𝑅 and 𝑅𝑅𝑈𝑃 , a random number generator is again employed to uniformly sample a
site from the circumference having a distance 𝑅𝑅𝑈𝑃 from the fault.
4. 𝐿𝑅 and the hypocenter and site locations are used to calculate 𝑠 and 𝜃.
Each simulation results in different 𝐿𝑅 , hypocenter and site locations, thus in different values of 𝑠
and 𝜃. Moreover, 𝑍𝑇𝑂𝑅 = 0 is assumed for 𝑀𝑤 ≥ 6.5. This process is repeated to generate any
desired number of rupture directivity conditions (𝑠, 𝜃) for a specific (𝐹, 𝑀𝑤 , 𝑅𝑅𝑈𝑃 , 𝑉𝑠30 ) scenario.
The resulting 𝑠 and 𝜃 values are provided as input to the near-fault simulation procedure to
generate the desired number of synthetic near-fault ground motions. The statistics of the resulting
synthetic motions will possess characteristics similar to those of recorded near-fault ground
motions, including the proportion of pulse-like and non-pulse-like motions and the natural
variability for the given set of earthquake and site characteristics.
Example Application of the Simulation Procedure
The proposed simulation procedure is used to generate 600 pairs of horizontal components of nearfault motion for a hypothetical earthquake event with 𝑀𝑤 = 6.5 occurring on a vertical strike-slip
fault (𝐹 = 0) at a site located at 𝑅𝑅𝑈𝑃 = 10 𝑘𝑚 and with 𝑉𝑠30 = 525 𝑚/𝑠. For each simulation,
the rupture length, hypocenter location, and site location are generated following the procedure
described in the previous section. Three of these realizations are illustrated in Figure 1(a). The
resulting directivity parameters are used as input to the simulation procedure [1-3] to obtain 600
pairs of orthogonal horizontal components of the ground motion.
Figure 1(b) compares the statistics of the 5% damped pseudo-acceleration response spectra
of the 600 synthetic motions with those described by the NGA-West2 model. The statistics
compared are the median and median plus and minus one logarithmic standard deviation levels for
the RotD50 horizontal component. In general, Figure 1(b) shows good agreement between the
synthetics and the GMPEs. At most periods, the median spectrum of the simulated motions falls
within or near the boundary of the range spanned by the median spectra of the five GMPEs and
within the median plus and minus one standard deviation levels predicted by the NGA-West2
model. And despite the tendency of our simulations to predict larger spectral ordinates at periods
greater than 1 or 2 seconds, the difference is not major. This difference at the longer periods may
indicate that our model over predicts longer periods, and/or that the NGA-West2 GMPEs do not
adequately represent the near-fault rupture directivity effect.
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Figure 1. (a) Realizations of 𝐿𝑅 hypocenter and site locations for 𝐹 = 0, 𝑀𝑤 = 6.5, 𝑅𝑅𝑈𝑃 =
10𝑘𝑚; (b) Response spectra statistics of the 600 simulations and NGA-W2 GMPEs.
Conclusions
A new procedure is proposed to simulate synthetic near-fault ground motions for specified (𝐹, 𝑀𝑤 ,
𝑅𝑅𝑈𝑃 , 𝑉𝑠30 ). Given 𝑀𝑤 and 𝑅𝑅𝑈𝑃 , the corresponding length of the fault rupture and the locations
of the hypocenter and site are generated for strike-slip faults using Monte Carlo simulation.
Directivity parameters 𝑠 and 𝜃 are then calculated and used as input to the ground motion
simulation procedure of Dabaghi and Der Kiureghian [1-3]. Comparison of the simulations with
the NGA-W2 model shows overall good agreement. The present study can easily be extended to
also simulate near-fault ground motions for reverse faults.
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