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SUMMARY 
 
In this study, the composite source model is applied to generate three-component rock motions at three 
bridge sites within the New Madrid Seismic Zone for various combinations of fault mechanism, moment 
magnitude, and distance. To take into account the uncertainties associated with the earthquake rupturing 
process, an equal-weight logic tree of all parameters in the composite source model is developed so that 
every parameter is within physical, geological, and seismological constraints. The results are validated by 
comparing the average of peak rock accelerations of the 100 simulations of each combination with those 
derived from an attenuation relation that is representative to the Central and Eastern United States. The 
characteristics of near-field motions are also examined. 
 

INTRODUCTION 
 
The New Madrid Seismic Zone (NMSZ) is the most significant regional seismic hazard in the Central and 
Eastern United States (CEUS). It was the location of three of the largest earthquakes (moment magnitude, 
MW, of 7.5-8.0) in the United States that occurred in 1811-1812 as documented by Johnston [1] and 
Hough et al. [2]. Memphis and St. Louis are the metropolitan areas closest to the NMSZ where large 
populations, buildings, and infrastructures are exposed to significant seismic risk. The region within the 
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NMSZ also hosts critical infrastructures that serve local, regional, and national interests. Among those are 
the long-span bridge (I-155) crossing the Mississippi River at southeast of Caruthersville, Missouri, and 
many short-span bridges on interstate highway I-55 in southeastern Missouri. Due to lack of strong motion 
records in the CEUS, point-source and finite-fault models have been used to simulate the far-field motions 
at Memphis and St. Louis Cities induced by earthquake events in the NMSZ. 
 
Saikai and Somerville [3] simulated the hard-rock motions at St. Louis from three large earthquakes of 
MW 6.5, 7.0 and 7.5 using a finite-fault broadband time-history simulation technique. These earthquakes 
were considered to occur on the southwestern segment of the NMSZ. Hwang [4] used a stochastic point-
source model to generate acceleration time histories at rock for a given magnitude and epicenter distance. 
Hwang et al. [5] propagated the simulated rock motions to the ground surface to study the seismic fragility 
of highway bridges in the CEUS. Toro and Silva [6] also used the stochastic point-source model to 
simulate ground motions for a range of site-specific soil profiles in Memphis and St. Louis. The results 
were utilized in constructing seismic hazard maps for the entire region including the effect of soil-column 
thickness, regional surficial geology, and nonlinear soil behavior. Wen and Wu [7] generated the uniform 
hazard rock and ground motions for Memphis, St. Louis, and Carbondale (Illinois), based on the 
stochastic point-source model except for MW 8.0 where a finite-fault model was used. Suites of 10 
motions were selected from a large pool of simulations such that the median of the response spectra of 
each suite matches that of the uniform hazard response spectrum in a least square sense at two probability 
levels. Atkinson and Beresnev [8] also used the finite-fault model to simulate rock and ground motions at 
Memphis and St. Louis from an earthquake event of MW 7.5 that occurs on the Reelfoot fault and MW 8.0 
that occurs on the Bootheel lineament, including the linear and nonlinear amplification of representative 
soil profiles at each city. El-Engebawy et al. [9] simulated the rock motions at three bridge sites in the 
NMSZ from three large earthquakes of MW 7.0, 7.5 and 8.0 using the finite-fault model. The sensitivity of 
near-field rock motions to the seismic source parameters was also investigated. Although simple, the 
finite-fault model can only give a single horizontal component of rock and ground motions, and thus, the 
near-field characteristics can not be fully captured.  
 
Near-field motions and their associated characteristics, such as forward rupture directivity and fling step, 
have never been investigated within the NMSZ. The objective of this study is to generate three-component 
near-field rock motions in the NMSZ with the composite source model that has been validated against 
records from dozen earthquakes, including the 1988 Saguenay earthquake in Canada that occurred in 
Eastern North America’s tectonic environment, earthquake faulting and geological conditions that are 
similar to the NMSZ. A simple logic tree is developed to take into account the uncertainties associated 
with the fault rupturing process and seismic wave propagation so that the synthetic rock motions 
generated from the composite source model are within physical, geological, and seismological constraints. 
The scope of the work is to generate 100 rock motions for each combination of earthquake events of MW 
6.5, 7.0 and 7.5 from two faulting mechanisms at three bridge sites. The results are validated by 
comparing the average of peak rock accelerations of the 100 simulations of each combination with those 
derived from an attenuation relation that is representative to the CEUS. The characteristics of near-field 
motions are also examined.  
 

GENERATION OF NEAR-FIELD ROCK MOTIONS  
 

Earthquake Source Parameters 
Future earthquake events of MW 6.5, 7.0 and 7.5 from rupture scenarios along the southwestern segment 
and the Reelfoot fault are considered as delineated in Figure 1. The southwestern segment is a vertical 
right-lateral strike-slip fault that is 150-200 km long as documented by Gomberg et al. [10]. Schweig and 
Tuttle [11] described the northwest-southeast trending Reelfoot fault as a southwest-dipping reverse fault 



that is 70-80 km or even longer since its northwestern end is not well defined. For each fault and moment 
magnitude, the best-estimate fault dimensions and the resulting rupture area are generally determined 
from the empirical relations established by Wells and Coppersmith [12]. The width along the dip is 
constrained by Gomberg and Schweig [13] to be within the top portion (1 or 5 km) and the bottom portion 
(15, 20, or 33 km) of the seismogenic rupture, while the length along the strike is constrained within 20% 
of the plausible seismogenic length as the source parameters for large earthquakes in the NMSZ are not 
well understood. Other parameters such as fault coordinates, strike, etc. are taken from Dryden et al. [14]. 
The best-estimate parameters of each fault within the physical constraints discussed above are 
summarized in Table 1. Figure 1 also illustrates the location of the three bridge sites of interest along 
interstate highway I-55, and the estimated epicenters of the 1811-1812 New Madrid earthquakes. The 
closest horizontal distances from L472, A1466, and IS55 sites to the southwestern fault plane are 3.7, 10.9 
and 26.5 km, respectively. The closest horizontal distances from IS55, A1466, and L472 sites to the upper 
edge of the Reelfoot fault are 6.3, 31.1 and 39.8 km, respectively. 
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Figure 1: Overview of the study area (faults dimensions are for MW 7.5). 

 
Table 1: Best-estimate mechanism and dimensions of each fault. 
Fault Parameter Value 
Southwestern segment 
(a strike-slip fault) 

Strike = 226.5°, dip = 90°, rake = 180°, 
L = 120 km, W = 18 km     for MW 7.5,    
L = 56 km, W = 13.6 km    for MW 7.0, 
L = 27 km, W = 10 km       for MW 6.5 

The Reelfoot  
(a reverse fault) 

Strike = 156.1°, dip = 32°, rake = 90°, 
L = 82 km, W = 28 km       for MW 7.5, 
L = 44 km, W = 18 km       for MW 7.0, 
L = 22 km, W = 11 km       for MW 6.5 

L: fault length along the strike, and W: fault width along the dip. 

Epicente
Slip direction 



The Composite Source Model 
Zeng et al. [15] developed a composite source model to represent the complex fault rupturing process of 
an earthquake. It is assumed that the source slip function can be simulated, in a kinematic sense, by 
randomly distributed subevents on the fault plane, and a strong earthquake is made up of a hierarchical set 
of smaller earthquakes. Therefore, the source of a strong earthquake is taken as a superposition of the 
radiation from a significant number of circular subevents with a constant stress drop as shown in Figure 2. 
The subevents are allowed to overlap within the fault plane but can not extend beyond its limits. Rupture 
initiates at the presumed hypocenter of an earthquake event and propagates radially at a constant rupture 
velocity. Each subevent is triggered when the rupture front reaches the center of the subevent. The 
subevent then initiates the radiation of a displacement pulse according to a crack model that eventually 
gives the shape of Brune’s pulse in the far field. The generated displacement pulse propagates through a 
flat multi-layered earth crust. The wave propagation process is modeled with synthetic (analytical) Green’s 
functions in both short- and long-period ranges. Zeng [16] modified the short-period components to 
account for the effects of random lateral heterogeneity of the earth by adding scattered waves into the 
Green's functions. Because the number of subevents is substantial, the Green’s functions are not computed 
for all of them. Rather, the fault plane is divided into a grid of approximately 4 km ×  4 km square 
subfaults as illustrated in Figure 2. One Green’s function is determined for each subfault corresponding to 
the response at the site of interest due to a unit dislocation at the center of the subfault. The effect of every 
subevent within one subfault on the site responses is evaluated with the same Green’s function with its 
time scale shifted by the time required for the rupture front to travel from the hypocenter to the center of 
the subevent and for the displacement pulse to propagate from the subevent to the site. Their effects are 
then added together to represent the total contribution of the subfault to the site responses. 
 
The composite source model has been validated with records from dozen earthquakes from seven 
countries or regions including the United States (1979 Imperial Valley, 1989 Loma Prieta, 1992 Landers, 
and 1994 Northridge earthquakes), Canada (1988 Saguenay earthquake), Mexico (1985 Michoacan and 
Guerrero earthquakes), Japan (1995 Kobe earthquake), India (1991 Uttarkashi earthquake), Turkey (1995 
Dinar and 1999 Kocaeli), and Taiwan (1999 Chi-Chi earthquake). The model can generate rock and 
ground motions including the synthetic prediction of the rupture directivity effect, induced from a strike-
slip or reverse fault, that are in good agreement with their respective observed records as demonstrated by 
Zeng and Anderson [17]. Note that the Saguenay earthquake occurred in an intra-plate tectonic 
environment that is similar to the NMSZ, and thus it is representative to earthquakes in the NMSZ. In 
summary, the previous studies give one confidence that the composite source model is applicable to the 
NMSZ. 
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Figure 2: Idealization of the seismic source in the composite source model. 
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A Logic Tree of Uncertain Parameters 
An emphasis is placed on the consideration of uncertainties in seismic source modeling and wave 
propagation. The random distributions of subevents and slip on the fault plane are considered in the 
composite source generation by specifying a random seed for each simulation. Additional random seeds 
are also introduced for each simulation to account for high-frequency wave propagation and scattering of 
seismic waves. For other uncertain parameters, the equal-weight logic tree shown in Figure 3 is proposed 
to ensure that the simulated earthquake scenarios are within physical, geological, and seismological 
constraints. Since numerous plausible rupture scenarios can be selected by taking one of the multiple 
paths from top to bottom of the logic tree and each scenario functions as a sample of a random earthquake 
event with variations of all key parameters in the logic tree, a probabilistic component has been introduced 
to the seismic source and wave propagation model.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Figure 3, σ is the standard deviation of the rupture area. It is taken to be 22% of its best-estimate value 
for the strike-slip fault and 26% for the reverse fault as derived by Wells and Coppersmith [12]. Two 
alternatives for the rupture area are considered, in which one dimension is kept at its best-estimate value 
while the other is magnified by σ. The two branches for the depth to top of the fault are based on the top 
portion of the seismogenic rupture in the NMSZ given by Gomberg and Schweig [13]. The hypocenter 
location is equally-distributed along the strike to incorporate all rupture directivity conditions (backward 
and weak-to-strong forward) in the simulations. The best-estimate rupture velocity is 80% of the shear 

 

Increase fault length by σ 
Weight 1/3 

Increase fault width by σ  
Weight 1/3 

Rupture velocity = 85% shear wave velocity 
Weight 1/2 

Depth to top of fault 1 km 
Weight 1/2 

Hypocenter location along strike and dip 
Equally-Distributed 

Reference rake angle – 30º  
Weight 1/3 

Reference rake angle 
Weight 1/3 

Reference rake angle + 30º  
Weight 1/3 

Velocity model [18] 
Weight 1/3 

20% decrease in velocity profile  
Weight 1/3 

20% increase in velocity profile  
Weight 1/3 

Stress drop = 150 bars 
Weight 1/3 

Stress drop = 100 bars 
Weight 1/3 

Stress drop = 200 bars 
Weight 1/3 

Best-estimate rupture area 
Weight 1/3 

Depth to top of fault 5 km 
Weight 1/2 

Rupture velocity = 80% shear wave velocity  
Weight 1/2 

Figure 3: An equal–weight logic tree for characterization of uncertainties. 
(Each weight means a fraction of the total number of simulations) 



wave velocity of the earth crust at the fault. An alternative value of 85% is also considered to account for 
the uncertainty in this parameter. The rake angle of the slip on the fault is 180º for a pure right-lateral 
strike-slip fault, and 90º for a pure reverse fault. Since a pure strike-slip or reverse faults are rare in nature, 
two alternatives of ±30º of the reference rake angles are considered to express their uncertainty. The 
reference velocity profile of the primary and secondary waves for each layer of the earth crust given by 
Chiu et al. [18] are also altered by ±20%. The median stress drop in the CEUS is selected to be 150 bars 
as recommended by Frankel et al. [19]. A higher value of 200 bars, however, is chosen to include the 
possibility of occasional events with very high stress drops, for example, approximately 500 bars during 
the 1988 Saguenay earthquake in Canada. For MW 7.0 (also MW 6.5), where the rupture area is relatively 
small, two alternatives for its location are considered as illustrated in Figure 4. One is considered for the 
strong effect of forward rupture directivity at the sites of interest while the other is for the average 
directivity effect. 
 

Fault parameters for Mw 7.0 events 
Alternative I 

Average Directivity Conditions

Mw = 7.0
dip = 90°

W = 13.6 km
L =  56 km

Strike = 226.5°

Alternative II 
Maximum Directivity Conditions

 
Figure 4: Two alternative locations of the southwestern segment for MW 7.0. 

 
SIMULATION RESULTS AND DISCUSSIONS 

 
A total of 18 cases are considered in this study. Each is composed of one of the three bridge sites, one of 
the three earthquake magnitudes, and one of the two faults. For each case, 100 rupture scenarios are 
selected by following various paths from top to bottom of the logic tree, Figure 3, in such a way that no 
two identical scenarios are simulated. For each case, 100 acceleration time histories are generated and 
their spectral accelerations are computed for 5% damping, Further, the average response spectrum, and the 
‘average plus one standard deviation’ response spectrum are also determined. 
 
Influence of Site Location and Fault Mechanism 
Four of the 18 cases are illustrated in Figures 5 and 6 for the 100 rupture scenarios of an MW 7.0 
earthquake to show the effects of fault mechanism and site location with respect to the fault. For the 
average response spectrum of each of the 4 cases, the spectral accelerations at critical periods as well as 
the peak are given in Table 2. In Table 2 and Figure 5 for rupture scenarios of the southwestern segment, 
the peak spectral acceleration at L472 site is 81%, 123%, and 117% higher than its corresponding values 
at A1466 site, for the fault-parallel (FP), fault-normal (FN), and vertical (V) components of motion, 
respectively. The corresponding percentages at intermediate frequencies (i.e. period 2.0sec) are reduced to 
-31%, 103%, and 34%, respectively. At low frequencies (i.e. period 4.0sec), the percentages are -12%, 
43%, and 20%, respectively. The minus sign herein means that the fault-parallel spectral accelerations at 
A1466 site are larger than those at L472 site for low and intermediate frequencies; which is due to larger 
slip values (asperities) on the fault plane near A1466 site in most of the 100 simulations. These results 
indicate that the spectral accelerations in the fault-normal component of motion increase significantly for 
sites closer to the strike-slip fault at all frequencies, due to the forward rupture directivity effect in many of 
the 100 simulations. 
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Figure 5: Results due to an MW 7.0 event from rupture scenarios of the southwestern segment. 
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Figure 6: Results due to an MW 7.0 event from rupture scenarios of the Reelfoot fault. 



Table 2: Spectral accelerations (g) at critical periods from an MW 7.0 earthquake. 
Fault Southwestern segment Reelfoot fault 
Site L472 A1466 IS55 A1466 

Motion FP FN V FP FN V FP FN V FP FN V 
Peak 

Period 
1.51 
(0.15) 

1.67 
(0.15) 

1.27 
(0.15) 

0.84 
(0.15) 

0.75 
(0.15) 

0.59 
(0.15) 

2.45 
(0.15) 

2.63 
(0.15) 

2.30 
(0.15) 

0.80 
(0.30) 

0.82 
(0.35) 

0.72 
(0.25) 

1.00 0.32 0.69 0.26 0.32 0.27 0.18 0.62 0.80 1.00 0.48 0.49 0.37 
2.00 0.13 0.29 0.13 0.16 0.15 0.09 0.30 0.33 0.48 0.21 0.26 0.26 
3.00 0.08 0.17 0.08 0.09 0.10 0.06 0.20 0.16 0.28 0.10 0.15 0.17 
4.00 0.05 0.10 0.05 0.06 0.07 0.04 0.12 0.09 0.17 0.06 0.08 0.10 

 
For the 100 rupture scenarios of the Reelfoot fault shown in Figure 6 and spectral acceleration values 
given in Table 2, the peak spectral acceleration at IS55 site is 207%, 222%, and 221% higher than its 
corresponding value at A1466 site, for the fault-parallel, fault-normal, and vertical components of motion, 
respectively. The corresponding percentages at intermediate frequencies (period 2.0sec) are reduced to 
42%, 27%, and 84%, respectively. At low frequencies (period 4.0sec), the percentages are 108%, 6%, and 
66%, respectively. These results indicate that the spectral accelerations increase significantly for sites 
located directly above the reverse fault particularly at the high-frequency component of motion (i.e. up to 
0.5sec period). 
 
The effect of fault mechanism on the average spectral accelerations is quantified by comparing the results 
from rupture scenarios of the southwestern segment in Figure 5 with those of the Reelfoot fault in Figure 
6, in addition to the values given in Table 2. It can be observed that the average spectra of all components 
of motion at IS55 site from rupture scenarios of the Reelfoot fault are significantly higher than those at 
L472 site from the southwestern segment although their closest distances to the faults planes are quite 
close as given in Table 2. The peak spectral acceleration at IS55 site is 62%, 57%, and 81% higher than 
its corresponding value at L472 site, for the fault-parallel, fault-normal, and vertical components of 
motion, respectively. Further, it can also be observed that the average spectra of all components of motion 
at A1466 site from rupture scenarios of the Reelfoot fault are significantly higher than those from the 
southwestern segment although its closest distance to the Reelfoot fault is 1.77 times the corresponding 
distance to the southwestern segment as given in Table 2. The average spectrum of the fault-parallel 
component of motion is remarkably higher for period range of 0.2sec – 3.0sec with a maximum of 55% at 
1.10sec, while that of the fault-normal component is significantly higher for a period range of 0.2sec – 
4.0sec with a maximum of 91% at 1.40sec. The average spectrum of the vertical component is 
significantly higher for all periods with a maximum of 197% at 2.6sec. These results indicate the 
importance of considering all seismic sources in the region as their mechanisms and associated 
uncertainties may have a significant influence on the simulated rock motions. Finally, the vertical 
acceleration developed by a reverse fault mechanism is remarkably higher than that of a strike-slip fault as 
illustrated in Figures 5 and 6. At the peak spectral accelerations, the ratios of the vertical to the geometric 
mean of the two horizontal components, which is defined as the square-root of their product, are 0.80 and 
0.74 at L472 and A1466 sites from rupture scenarios of the southwestern segment. The corresponding 
ratios are 0.91 and 0.89 at IS55 and A1466 sites from rupture of the Reelfoot fault. 
 
Influence of Moment Magnitude 
The seismic energy radiated from MW 7.0 and 7.5 earthquakes are approximately 5.6 and 31.6 times that 
radiated from an MW 6.5 earthquake. The effect of moment magnitude on the average response spectra of 
the fault-normal component of motion of 100 simulations is illustrated in Figure 7 for L472 and A1466 
sites from rupture scenarios of the southwestern segment and in Figure 8 for IS55 and A1466 sites from 
rupture scenarios of the Reelfoot fault. It can be observed from Figure 7 that the spectral accelerations 



increase significantly with the level of earthquake magnitude, due to the forward rupture directivity effect. 
The peak spectral accelerations at L472 site are 0.91g, 1.67g, and 3.73g for MW 6.5, 7.0, and 7.5, 
respectively, while those at A1466 site are 0.32g, 0.75g, and 1.65g, respectively. On the other hand in 
Figure 8, only a slight increase is observed in the spectral accelerations at IS55 site where the peak 
accelerations are 2.59g, 2.63g, and 2.86g for MW 6.5, 7.0, and 7.5, respectively. At A1466 site, however, 
the spectral accelerations increase significantly with the level of earthquake as the peak accelerations are 
0.43g, 0.82g, and 1.74g for MW 6.5, 7.0, and 7.5, respectively. These results are due to the location of 
IS55 and A1466 sites with respect to the rupture area of the Reelfoot fault as shown in Figure 1. The IS55 
site is located at the northeastern corner of the fault where both fault edges are hold fixed for any level of 
MW, while the two opposite edges are free to be altered to match the required rupture area corresponding 
to the level of MW. As a result, the bottom edge of the Reelfoot fault approaches the A1466 site for MW 
7.5 leading to higher spectral accelerations. For IS55 site, the contribution of the subfaults close to the site 
has the most significant influence on the resulting time histories for all levels of MW, while the subfaults 
further away from the site tend to increase the simulation durations rather than the acceleration 
amplitudes.  
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Figure 7: Influence of MW on the average spectrum from rupture of the southwestern segment. 
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Figure 8: Influence of MW on the average spectrum from rupture of the Reelfoot fault. 



Validation of the Simulation Results 
The peak rock acceleration of the geometric mean of the two horizontal components are compared in 
Table 3 with those computed using the attenuation relationship representative to the CEUS established by 
Toro et al. [20], in which the site-to-fault distance is defined as the closest horizontal distance to the 
vertical projection of the rupture, rjb, also given in Table 3. For each case, the average of the simulated 
results is generally consistent with the attenuation relationship of the CEUS. For MW 7.5, the maximum 
difference is 15% from rupture scenarios of the southwestern segment, and 17% from the Reelfoot fault. 
Further, the long period portion (beyond 1.0sec) of the average response spectra of the 100 simulations are 
also compared to the Sa(1.0)/T decay specified in the BSSC (FEMA 302) [21] provisions, in which Sa(1.0) 
is the spectral acceleration at 1.0sec, while T is the period. Figures 9a and 9b illustrate a comparison of the 
average response spectra of the simulations with the decay equation due to MW 7.5 earthquake on the 
southwestern segment and the Reelfoot fault, respectively. It can be observed that the simulation results 
are in good agreement with the decay equation. 
 

Table 3: Peak rock accelerations (g) as compared to the attenuation relation of the CEUS. 
Fault Southwestern segment Reelfoot fault 
Site L472 A1466 IS55 A1466 
MW PRA* Toro [20] PRA Toro [20] PRA Toro [20] PRA Toro [20] 
6.5 0.40 0.57 

(3.69)** 
0.16 0.36 

(10.9) 
1.05 0.62 

(1.00) 
0.20 0.19 

(21.7) 
7.0 0.69 0.85 

(3.69) 
0.36 0.54 

(10.9) 
1.11 0.93 

(1.00) 
0.42 0.39 

(15.8) 
7.5 1.47 1.28 

(3.69) 
0.79 0.80 

(10.9) 
1.26 1.40 

(1.00) 
0.88 1.03 

(7.32)  
* PRA: peak rock acceleration of the geometric mean of the two horizontal components.  
** The value inside the parenthesis is distance rjb. 
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Figure 9: Comparison of the long period portion with Sa(1.0)/T decay due to MW 7.5 event. 
 
Near-Field Characteristics of the Selected Motions 
Five sets of three-component acceleration time histories are selected for each of the 18 cases such that the 
response spectrum of the fault-parallel, fault-normal, and vertical component of each set individually 
matches the average response spectrum of its corresponding 100 simulations over a period of 0.04-5.0 sec 



in a least-square sense. At least one set of time histories contain distinctive velocity pulse(s) due to 
forward rupture directivity and one set with a large fling step. In addition, the peak rock accelerations of 
all selected time histories shall be within 75%-125% of the corresponding value derived from the 
attenuation relations established by Toro et al. [20]. The discussion on near-field effects that follows is 
based on the selected motions.  
 
The influence of MW on the permanent rock displacement (fling step on rock outcrop) is illustrated in 
Figure 10a for L472 and A1466 sites from rupture scenarios of the southwestern segment and in Figure 
10b for IS55 site from rupture scenarios of the Reelfoot fault. For a strike-slip fault (the southwestern 
segment), the fling step is mainly in the direction of the slip on the fault which is in the fault-parallel 
component of motion. For a reverse fault (the Reelfoot), however, the slip on the fault is along the dip, and 
therefore, it has two components in the fault-normal and the vertical. In Figure 10a, the fling step at L472 
site is 0.28m, 0.51m, and 1.89m from MW 6.5, 7.0, and 7.5 earthquakes, respectively. The initiation time 
of the fling step also increase with MW particularly for MW 7.5. The influence of distance on the near-field 
characteristics is evaluated by comparing the fling step values at L472 site with the corresponding ones at 
A1466 site that are reduced to 0.09m, 0.26m, and 0.99m, a reduction of 32%, 51%, and 52%, 
respectively. In Figure 10b, the fling step at IS55 site in the fault-normal component of motion is 0.18m, 
0.26m, and 0.67m, while the associated values in the vertical component is 0.39m, 0.68m, and 0.97m 
from MW 6.5, 7.0, and 7.5 earthquakes, respectively. Therefore, the total fling step in the direction of the 
fault dip (32° from horizontal plane) is 0.36m, 0.58m, and 1.08m from MW 6.5, 7.0, and 7.5 earthquakes, 
respectively. 
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a) At L472 and A1466 sites from rupture scenarios of the southwestern segment 
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        b) At IS55 site from rupture scenarios of the Reelfoot fault 

Figure 10: Fling step for various levels of MW. 



The influence of MW on the velocity pulse(s) is illustrated in Figure 11a for L472 and A1466 sites from 
rupture scenarios of the southwestern segment and in Figure 11b for IS55 site from rupture scenarios of 
the Reelfoot fault. In Figure 11a, the peak horizontal velocity of the fault-normal component at L472 site 
is 0.50m/sec, 1.48m/sec, and 2.59m/sec from MW 6.5, 7.0, and 7.5 earthquakes, respectively. The 
corresponding velocities at A1466 site are reduced to 0.26m/sec, 0.60m/sec, and 2.02m/sec, a reduction of 
50%, 41%, and 78%, respectively. In Figure 11b, the peak horizontal velocity of the fault-normal 
component at IS55 site is 0.71m/sec, 0.96m/sec, and 2.00m/sec from MW 6.5, 7.0, and 7.5 earthquakes, 
respectively. 
 

-2

-1

0

1

2

3

20 30 40 50 60
Time (sec)

V
el

oc
ity

 (
m

/s
ec

) Mw 6.5

Mw 7.0

Mw 7.5

L472 site - FN

  

-2

-1

0

1

2

3

15 25 35 45 55
Time (sec)

V
el

oc
ity

 (
m

/s
ec

) Mw 6.5

Mw 7.0

Mw 7.5

A1466 site - FN

 
a) At L472 and A1466 sites from rupture scenarios of the southwestern segment 
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        b) At IS55 site from rupture scenarios of the Reelfoot fault 

Figure 11: Velocity pulse(s) for various levels of MW. 
 

CONCLUSIONS 
 
A simple methodology has been established for the generation of three-component near-field rock motions 
in the NMSZ, with due considerations of the uncertainties in regional earthquake source and wave 
propagation characteristics. It combines the composite source model with an equal-weight logic tree that 
is developed to bound the uncertainties of all model parameters within physical, geological, and 
seismological constraints. Although the composite source model itself is deterministic, the introduction of 
a logic tree for various uncertainties allows one to conduct a statistical analysis of a significant number of 
simulations. The methodology has been used to provide rock motion time histories at three bridge sites 
within the NMSZ, for various combinations of moment magnitude and fault mechanism. The results have 
been validated against an attenuation relationship representative to the CEUS as well as the decay 
equation specified by FEMA 302 for the long period portion of the spectral accelerations; and found to be 



in good agreement. Based on extensive simulations, the following conclusions relative to the NMSZ 
tectonic environment can be drawn: 
1. The spectral accelerations of the three components of near-field motions increase significantly with 

moment magnitude and decrease with distance to the fault. 
2. The fault mechanism and its associated uncertainties have a significant influence on the resulting 

spectral accelerations. Reverse faults (the Reelfoot) contributes more to the spectral acceleration values 
than the strike-slip faults (the southwestern segment), especially the vertical component of motion. 

3. Near-field characteristics are more pronounced with the strike-slip fault rather than the reverse fault, 
due to the strong forward rupture directivity effects as a result of the site location with respect to the 
fault. 

4. The fling step and velocity pulse(s) associated with MW 7.5 are very large as compared to MW 7.0 or 
6.5; that would impose special demands on the seismic design of structures very close to active faults. 
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