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ABSTRACT 
This paper presents a series of validation exercises for seismic site response analysis using the recordings from three 
well-instrumented, urban lakebed seismograph stations in Mexico City (CAO, SCT and TXS2). The dynamic behavior of 
Mexico City Clay has long been a topic of great interest among geo-seismic researchers due to the lack of consensus as 
to the cause of the unusually high site amplifications and long durations of ground motion measured in the lakebed. While 
some researchers have postulated that trapped waves in the basin of Mexico City are the cause, others have attempted 
to disprove this theory through validation of one-dimensional site response analysis with mixed degrees of success. The 
current study concludes that the cause lies both in the response of the deep basin and the unique properties of Mexico 
City Clay (including low damping and shear wave velocity). This study demonstrates that nonlinear site response analysis 
with bi-directional excitation using LS-DYNA results in comparable site amplifications and surface acceleration spectra to 
the recorded data, provided that the base input motion appropriately accounts for the deep basin (either directly through 
downhole array measurements or via GMPEs specifically developed for Mexico City “rock” or hard layer). The site response 
analysis proposed herein explicitly incorporates the unusual properties of Mexico City Clay in the time-domain nonlinear 
approach (low damping, strain rate effects, cyclic degradation). This study also indicates that the surface response is highly 
sensitive to the assumed shear wave velocities, requiring consideration of modifications to in situ geophysical 
measurements due to phenomena such as the thixotropy of the clays. 
 
 
 
1 INTRODUCTION 
 
Mexico City is built on an ancient lake surrounded by 
volcanoes and eroded tuffs known as the “hill zone”. The 
hill zone surrounds the “lakebed zone” of Mexico City, an 
area of thick soft clays and sand layers, which extend up to 
approximately 100 m to the hard layer in the deeper 
locations (Singh and Ordaz 1993; Romo 1995). This 
geological setting is commonly referred to as the Basin of 
Mexico. The zone separating the lakebed and the hill zones 
is termed the “transition zone” (see Figure 1). 

In the 1985 Michoacán earthquake, the largest of the 
recent earthquakes recorded in Mexico City, the greatest 
damage occurred in taller buildings in the lakebed zone 
(Seed et al. 1988; Singh et al. 1988; Singh et al. 1995). This 
is attributed to very high amplifications of incident ground 
motion at longer periods (coincident with the natural 
periods of tall buildings) associated with the unusually long 
fundamental periods of the soft soil deposits. These 
characteristics are unique to Mexico City and were 
observed in all other recent significant earthquakes. The 
site periods in the lakebed zone range from approximately 
1.4 to 4.8 sec. The relative amplification with respect to 
Ciudad Universitaria (CU; see Figure 1) is in the range of 8 
to 56 (Singh et al. 1988). The CU site is often used as a 
reference “rock” site for research in Mexico City, even 
though the top ~15 m comprises soil with shear wave 
velocity (VS) of 150 to 200 m/s. In addition to the large 
amplification and unusually long site period, the strong 
motion duration at the lakebed surface lasted for several 
minutes, much longer than the recorded outcrop motions. 

 

 
Figure 1. Location of the CU, CAO, SCT and TXS2 sites in 
Mexico City with respect to the lakebed, hill and transition 
zones (modified from Mayoral et al. 2008). 
 
 

The long site periods are due to a thick layer of soft clay 
(Mexico City Clay) with very low VS, approximately 50 m/s 
and sometimes lower. However, there is still no consensus 
regarding the cause of the long durations and high 
amplifications observed in the lakebed zone (Flores-
Estrella et al. 2006). Some researchers have postulated 
that is due to a “basin effect”, which causes lateral 



 

heterogeneities corresponding to the boundaries of the 
basin, local small-scale variations, or horizontally 
propagating p-waves in the confined clay layer, but have 
mostly failed to present convincing arguments (Chavez-
Garcia and Bard 1994). Chavez-Garcia and Bard (1994) 
acknowledge that surface waves are generated near the 
basin edge (within 1 km) but would attenuate rapidly due to 
the very low VS of the clay. 

Several authors have postulated that the long durations 
and high amplifications observed in the lakebed zone are 
due to the unusually low damping in the clays that remain 
essentially elastic even up to significant (~0.3%) strains 
(Romo 1995; Seed et al. 1988; Chavez-Garcia and Bard 
1994) and to the large impedance contrasts between the 
soft clay and underlying soils. The low damping is likely a 
result of the high water content and liquidity index of the in 
situ material. One primary piece of evidence supporting the 
theory of low damping in the clay is that the recorded 
lakebed surface motions decay only gradually after the 
main strong motion of the bedrock has ended, showing the 
dominant effect of water in this high void ratio (typically 5 
or 6) clay. A second piece of evidence is that low hysteretic 
damping has been measured by laboratory tests and back-
analysis of downhole arrays (e.g. Romo 1995 and 
Taboada-Urtuzuastegui et al. 1999). The effect of the low 
damping on the soil response is evident from the distinctive 
near-harmonic “beating” waves at or near the site period in 
the “second phase” of the motion. The twin spectral peaks 
are attributed to this second phase of response.  

This study focuses on the site response of three of the 
instrumented sites in the lakebed of Mexico City, namely, 
CAO, SCT and TXS2. These sites have been the focus of 
much research since the 1985 Michoacán earthquake. 
Through this validation effort, it can be demonstrated that 
the long natural periods of the lakebed sites, the high 
amplifications and the continuation of surface motions after 
the end of the strong motion phase of the bedrock motion 
are all adequately predicted using 1D nonlinear site 
response analysis (SRA). However, this does require that 
the unusual properties of the soils are incorporated, 
particularly the low damping.  
 
 
2 GEOLOGICAL SETTING AND “HARD LAYER” 

 
It is important to note that spectral accelerations at the rock 
level in Mexico City predicted by local GMPEs (which are 
based on local recordings) is significantly higher than what 
global ground motion prediction equations (GMPEs) 
estimate (Lee et al. 2017). This suggests that the amplitude 
of the rock input motions in Mexico City are stronger than 
that for sites elsewhere in the world with similar site 
parameters. For the sites analyzed in this study, there was 
no conclusive site-specific information regarding the depth 
or the VS of the hard layer. The CAO site is in close 
proximity to the city center of Mexico City, while the TXS2 
site is in the Lake Texcoco Region (See Section 3). 

Singh et al. (1995) noted that a typical site in the valley 
could have one of the following depositional environments: 
a) Older Oligocene volcanic deposits, akin to those found 

in the northern part of the hill zones. 

b) Younger Miocene deposits overlying Oligocene 
deposits; includes CU site. 

c) Essentially the same depositional sequence as the 
case (b) above, but overlain by soft clay deposits with 
thickness varying from 10 m to about 100 m. 

The sites analyzed for this study fall under category (c) 
above. A key geological unit to be characterized for this 
study was the Tarango Formation, which mainly comprises 
interbedded tuff deposits and lacustrine deposits. This 
formation outcrops about 1 km west of the city center area 
and underlies much of the central business district at 
depths ranging from 20 m to 60 m (Zeevaert 1991; Santoyo 
et al. 2005). The CU site is located very close to the Sierra 
de las Cruces, slightly to the east. Based on the geological 
background, it would be reasonable that CU site lies on the 
Tarango Formation. 

The measured VS values at the CU site could provide 
some insight into the VS values in the lakebed zone. The 
central business district appears to have a hard layer at a 
depth of around 40 m based on PS suspension logging 
performed in the “Preloaded Texcoco Lake Region”, as 
described in Jaime and Romo (1988). Knowing that the 
Tarango formation is expected at the depth range 20 m to 
60 m in this region, it would be reasonable to assume that 
this is the Tarango Formation. Based on the morphology of 
the Mexico City Basin, the Tarango material encountered 
here (likely more representative of the city center and the 
Lake Texcoco hard layer) would be expected to be less 
resistant to erosion and weathering processes and hence 
slightly weaker than the hard layer at the CU site. This is 
further corroborated by how the VS values at the two sites 
compare, with the central business district having a hard 
layer VS of 550 m/s, compared to 650 m/s at CU.  

Recognizing the variability in the subsurface conditions 
and the geological background described above, we 
assigned a VS of 600 m/s for the hard layer for the CAO 
and TXS2 sites. Details on the soil deposits overlying the 
hard layer are provided in Section 3. 
 
 
3 STUDY SITES 
 
The three instrumented lakebed sites analyzed in this study 
are CAO, SCT and TXS2, shown in Figure 1. The following 
subsections briefly describe the site locations and 
subsurface conditions. 
 
3.1 CAO Site 
 
The Central de Abasto Oficinas (CAO) site is located in the 
southern part of Mexico City, approximately 2 km north of 
the “transition” zone and 3-4 km north of an outcrop hill 
zone (Figure 1). Some authors who have undertaken 
studies that discredit the ability of surface waves to travel 
far into the basin have accepted that basin edge effects are 
apparent within approximately 1 km from the hill zone 
(Chavez-Garcia and Bard 1994). This suggests that CAO 
would not be affected by the basin edge. 

The soils data available for CAO are from the published 
literature. Some of the data is missing and some of the data 
presented by various researchers is contradictory. We 
developed the soil profile used for our own SRA based on 



 

the information presented in Jaime et al. (1987), Seed et 
al. (1988), Romo (1995), Martinez-Carvajal et al. (2001) 
and Ovando-Shelley et al. (2007). 

Figure 2 shows the idealized soil stratigraphy, shear 
strength and VS profiles used for the analyses, along with 
the in situ and laboratory testing data the parameters were 
based on. The upper 5 m have been assumed to be a 
cohesionless soil unit, possibly a sandy silt, underlain by a 
thick soft clay layer that extends to approximately 42 m 
deep. The soft clay layer is underlain by a ~4 - 5 m thick 
layer of silt with clay, below which is a deeper clay unit 
down to a depth of 60 m. 

 
 

Figure 2. Idealized stratigraphy and soil properties for CAO 
 
 
We believe that the in situ measurements reported in 

the literature likely under-predicted the actual VS, as was 
concluded previously by Seed et al. (1988). One possible 
explanation for this phenomena could be disturbance 
during drilling and associated thixotropic effects. 
Therefore, we adopted a second VS profile, with the VS of 
all clay layers increased by 15%, denoted as “VS+15%” 
(with the base VS profile referred to simply as “VS Best 
Estimate”).  

There was no conclusive information in published 
literature regarding the location or the VS of the bedrock. 
Seed et al. (1988) assumed it was located at 56 m with VS 
= 900 m/s.  Romo (1995) shows VS values of approximately 
400 to 500 m/s between depths 55 m to 65 m. We have 
adopted a VS of 600 m/s at a depth of 60 m, based on the 
geological background described in Section 2. 

For CAO, we used the average pore water pressure 
profiles for 1987 and 1997 provided in Ovando-Shelley et 
al. (2007), because drawdown due to water extraction has 
altered the pore water pressure profile over the years. The 
shear strength of the cohesionless soil units was based on 
the mean effective stress and assumed friction angles. The 
undrained shear strength (su) of the cohesive soil units was 
correlated to the cone penetration test (CPT) tip resistance 
(qc) values from Martinez-Carvajal et al. (2001) using the 
following expression per Ovando-Shelley (2011): 

 
 

su=
qc

13.2
       [1] 

 

3.2 SCT Site 
 
The Secretariat of Communications and Transportation 
(SCT) site is located in the western part of Mexico City to 
the east of the transition zone (Figure 1). 

We adopted an approach similar to the CAO site 
(Section 3.1) for developing the idealized soil profile model 
for SCT, with most of the soils data coming from published 
literature (Seed et al. 1988, Romo 1995, Hernandez-
Martinez et al. 2002, Ovando-Shelley et al. 2007). Figure 3 
shows the idealized soil stratigraphy and associated 
parameters used for this validation study. 
 
 

Figure 3. Idealized stratigraphy and soil properties for SCT 
 

 
The stratigraphy at SCT comprises a 4 m thick surficial 

sand layer, underlain by a soft clay layer down to a depth 
of 31 m. Below the soft clay, a 5 m thick sandy silt layer is 
present, which is in turn underlain by a deeper clay unit. 
There is limited data available below 40 m depth. Similar to 
the CAO site, we tested the sensitivity of the analyses to 
the assumed VS profile by considering “VS Best Estimate” 
and “VS+15%” profiles. 

 
3.3 TXS2 Site 

 
The Texcoco Sitio 2 (TXS2) site is located in the Lake 
Texcoco region in the northeastern portion of the lakebed 
zone (Figure 1). Figure 4 shows the idealized soil 
stratigraphy and associated analysis parameters, which 
were based on Mayoral et al. (2008) and the geotechnical 
investigation data for a nearby site in the Lake Texcoco 
region. The stratigraphy encountered at these sites was 
extrapolated based on the subsurface geological 
characterization by Marsal and Graue (1969), which 
indicates that the hard layer and overlying deposits are 
encountered shallower as we move northwards from TXS2 
towards the Mayoral et al. (2008) site. 

The idealized stratigraphy of the site includes a shallow 
dry crust near the ground surface followed by an 
approximately 30 m thick soft clay layer interbedded with 
silty sand. Underlying this very soft material lies a partially 
cemented silty sand stratum, which is in turn underlain by 
a hard formation of cemented silty sands, gravels and 
boulders with clay interbeds, known locally as the deep 
deposits. The same approach as CAO and SCT was 
adopted for developing VS and shear strength profiles. 
Similar to CAO, we assigned a bedrock VS of 600 m/s, with 
an assumed depth to bedrock of 180 m for this site. 
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Figure 4. Idealized stratigraphy and properties for TXS2 
 
 

4 RECORDED EARTHQUAKES CONSIDERED 
 
Table 1 summarizes the recorded ground motions 
considered for the validation of the three sites. Data from 
the Mexican Strong Motion Database (Alcántara et al. 
2000) was utilized for the recorded motions. 
 
4.1 Ground Motions for CAO Site 
 
The CAO downhole array consists of accelerometers 
installed at the surface and at depths of 12, 30 and 60 m. 
The “in-field” motion records from the instruments at 60 m 
depth were used as “in-field” motions to the idealized CAO 
soil column profile described in Section 3.1. 

The site response at CAO during the 1985 Michoacán 
earthquake has also been assessed. However, there was 
no downhole array data available for this event, which 
occurred prior to the installation of the downhole array at 
CAO. Instead, we used a Lysmer transmitting boundary 
and applied the outcrop motion recorded at the CU site 
scaled by a factor of 1.2. This factor was selected by a 
procedure that compared the deconvolved outcrop motions 
at CU with the available 60 m deep recordings at CAO from 
the same events; the procedure is not presented herein. 
 
4.2 Ground Motions for SCT Site 
 
The SCT array consists of accelerometers installed at the 
surface and at depths of 25 m and 40 m. Unfortunately, the 
downhole accelerometer at 40 m did not function so no 
data is available for that depth. The records from the 
instruments at 25 m depth were used as in-field motions to 
the idealized SCT soil column described in Section 3.2. 

Similar to CAO, there was no downhole array data 
available for the 1985 Michoacán earthquake. The 
accelerometer at 25 m is within the upper Mexico City Clay 
layer (6 m above the more competent sandy silt layer at 
depth 31 m). As a result, it would not provide an appropriate 

impedance contrast for applying the CU outcrop motion. 
Therefore, we applied the input motion for the 1985 
Michoacán validation at a of depth 31 m. Based on the 
amplifications up the soil column from a nearby site in the 
Lake Texcoco region, we applied a scale factor of 2.0 to 
the deconvolved motion recorded at CU to generate the 
input motion. 

 
 
Table 1. Recorded ground motions considered. 
 

Event Date Epicentral 
Distance 

Focal 
Depth 

Magnitude 
(MW) 

 km km  

Motions considered for CAO site 

10/24/1993 310 26 6.6 

5/23/1994 215 23 5.6 

10/9/1995 591 5 8.0 

1/11/1997 446 16 7.1 

6/21/1999 306 54 6.3 

9/30/1999 438 40 7.4 

9/19/19851 420 22 8.0 

Motions considered for SCT site 

9/14/1995 325 22 7.3 

6/15/1999 220 60 6.9 

9/19/19851 425 22 8.0 

Motions considered for TXS2 site 

6/15/19992 212 60 6.9 
1no downhole array data for the 9/19/1985 Michoacán earthquake 
at the CAO and SCT stations; the recording from the CU station 
was used with a scale factor of 1.2 and 2.0 for CAO and SCT, 
respectively to account for the difference in site conditions; the 
epicentral distance to the CU site was 394 km. 
2no downhole array data for this earthquake at the TXS2 station. 
The deconvolved motion from the CU station was used instead; 
the epicentral distance to the CU site was 218 km. 
 
 
4.3 Ground Motions for TXS2 Site 
 
For the June 15, 1999 event  at the TXS2 site, since there 
is no downhole data at TXS2, we applied the  de-convolved 
CU recording and as an outcrop motion to the base of our 
soil column (see Section 3.3) via a Lysmer damper with VS 
= 600m/s. 
 
 
5 SITE RESPONSE ANALYSIS METHODOLOGY 
 
This section summarizes the site response methodology 
using simultaneous bi-directional shaking at the base of a 
soil column.  These analyses were performed with the finite 
element software, LS-DYNA (Livermore Software 
Technology Corporation 2006). 
 
5.1 Material Model 
 
The MAT_HYSTERETIC_SOIL model available in LS-
DYNA was used for modelling the soil layers (Livermore 
Software Technology Corporation 2014). The shear 
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strength and stiffness of the material is controlled by a 
piecewise linear backbone curve for each soil layer defined 
for a reference pressure. This curve defines the stiffness 
contribution of 10 concentric yield surfaces in the 
constitutive model. The initial slope of the backbone curve 
equals the small strain shear modulus (Gmax) and the shear 
stress approaches the shear strength at large strains. The 
soil model provides hysteretic material damping except at 
very small strain (within the first yield surface defined by 
the backbone curve). 
 
5.2 Backbone Stiffness Curves for Cohesive Soils 
 
Shear modulus degradation and damping relationships 
available in the literature for Mexico City clays are generally 
based on the small strain stiffness, Gmax. However, such 
methods are prone to substantial over or under estimation 
of the shear strength. Therefore, an alternate method for 
generating backbone stiffness and damping curves is 
utilized herein that relies on published relationships at 
small and intermediate strains, while still enabling the 
correct shear strengths to be achieved at large strains. A 
schematic example of the methodology for Mexico City 
Clay is presented in Figure 5. 
 
 

 
Figure 5. Schematic example illustrating the influence of 
the parameter “a” on a backbone stiffness curve for Mexico 
City Clay fit to Gonzalez and Romo (2011) at small to 
intermediate strains with a smooth transition to a target 
stress and strain at failure. 
 
 

The backbone curve of shear strain versus shear stress 
during monotonic loading is defined based on the 
methodology proposed by Motamed et al. (2016) using a 
well-established hyperbolic function: 

 
 

G

Gmax
=

1

1+β  r⁄ α       [2]

 

where, 
 Gmax = small strain elastic shear modulus 
  = shear strain 
 r = pseudo-reference strain 
 α,β = fitting parameters when 
  = transition strain 
The pseudo-reference strain, r, in Eq. 2 corresponds 

to the strain at which G/Gmax = 0.5. At intermediate to large 
strains, the shear stiffness smoothly transitions to a 
different hyperbolic function at a specified transition strain 
( that ensures the soil reaches a specified shear 
strength, ff: 

 
 

G

Gmax
=

1

1 + β' 1 r⁄ α' + 
G1 Gmax⁄ '

1 + β' ' 'ref⁄ α'


        [3] 

 
 
where, 
 G =shear modulus at transition strain 
 ’ = 
 ’ref = (aff - 1)/ G
 1 = shear stress 
 α’,β’ = curve fitting parameters when 
If a = 1, the backbone curve will asymptotically 

approach ff at large strains. If a > 1, the backbone curve is 
capped by ff. This approach facilitates adequate 
characterization of both the small strain stiffness and the 
shear strength at large strains (see Figure 5). 

The stiffness of the clay soil layers at very small strains 
is computed directly based on the idealized VS profiles 
described in Section 3. The stiffness across the small to 
intermediate strain range approximately matches the 
backbone stiffness curves recommended by Gonzalez and 
Romo (2011) up to the transition strain, . This is 
accomplished by a best fit using the functional form shown 
in Eq. 2. Beyond , the stiffness smoothly approaches the 
specified shear strength at a specified shear strain. 

The Gonzalez and Romo (2011) backbone curves for 
Mexico City Clays are a function of PI. Based on various 
recommendations in the literature (e.g. Taboada-
Urtuzuástegui et al. 1999), we have capped the PI at a 
lower bound of 150% when using this equation. 

 
5.3 Backbone Stiffness Curves for Cohesionless Soils 

 
The stiffness of the cohesionless soil layers at very small 
strains is computed directly based on the idealized VS 
profiles described in Section 3. Across the small to 
intermediate strain range, the backbone curves follow the 
recommendations by Darendeli (2001). Beyond , the 
stiffness smoothly approaches the specified shear strength 
at a specified shear strain. 

 
5.4 Damping 
 
The hysteresis loops from cyclic triaxial data presented by 
Taboada-Urtuzuástegui (1989), downhole array data by 
Taboada-Urtuzuástegui et al. (1999) as well as 
examination of the backbone curves presented by 
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Gonzalez and Romo (2011), reveal that Mexico City Clay 
does not behave according to the standard Masing Rule. 
As cyclic shear strain increases, the damping remains 
relatively low even while the secant stiffness decreases. 
Therefore, we modified the MAT_HYSTERETIC_SOIL 
model to allow for non-Masing material damping. 

An upper bound user-defined damping curve 
independent of the nonlinear shear stiffness is prescribed 
based on the recommendations of Gonzalez and Romo 
(2011). Note that we have assumed minimum (min) and 
maximum (max) hysteretic damping values of 0% and 15%, 
respectively. 

 
5.5 Strain Rate Effects 
 
To account for strain rate effects, the soil model was 
modified to undergo a strength increase of 15% per log 
cycle for shear strain rates of 1E-3%/s up to 10%/s, which 
is approximately the range of strain rates anticipated during 
the ground motions. This strength increase of 15% is at the 
upper range recommended by Diaz-Rodriguez et al. (2009) 
for Mexico City Clays. 
 
 
6 RESULTS 
 
Figure 6 through Figure 10 show comparisons of computed 
and recorded surface acceleration response spectra, 
spectral amplifications and time histories (VS+15% only for 
one component) for select motions from the three sites 
considered. Due to space limitations, results are only 
shown for the 1985 MW8.0 Michoacán event at the CAO 
and SCT sites as well as the October 9, 1995 MW8.0 event 
at CAO, the September 14, 1995 MW7.3 event at SCT and 
the June 15, 1999 MW6.9 event at TXS2. These motions 
were selected as they include the largest events recorded 
at the sites as well as the 1985 Michoacán event for CAO 
and SCT. 

As shown in the figures, the computed surface 
response spectra are in relatively good agreement with 
those recorded. In general, our site response analyses 
overestimate the short period response relative to the 
recordings. The sensitivity to VS assumptions is quite 
evident from the results, with the “VS+15%” analyses 
providing the best match to the recorded data. The 
distinctive “double-peak” of the response spectra can also 
be seen in the validation results, capturing the second 
mode of the soil column as well as the fundamental site 
period. Note that the computed response agrees well with 
the recorded data for the motions not presented herein as 
well. 

The disparity between the computed and recorded 
surface motions for the 1985 Michoacán event and the 
June 15, 1999 event can be attributed to the lack of site-
specific downhole array data for the 1985 Michoacán 
event. The use of CU outcrop (deconvolved) motions with 
appropriate scaling was inevitable and the results of a site 
response analysis are very sensitive to the amplitude of the 
input motions. As a result, it is hard to say whether the 
motions, deconvolved and scaled, correspond to the 
appropriate amplitudes for all spectral periods. 

 
 

Figure 6. Validation results for CAO - October 9, 1995 
MW8.0 event: (a) response spectra (5% damping); (b) 
spectral amplifications; (c) time histories (N00E, VS+15%).  
 
 

 
 
Figure 7. Validation results for CAO - September 19, 1985 
MW8.0 event: (a) response spectra (5% damping); (b) 
spectral amplifications; (c) time histories (N00E, VS+15%). 
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Figure 8. Validation results for SCT - September 19, 1985 
MW8.0 event: (a) response spectra (5% damping); (b) 
spectral amplifications; (c) time histories (N00E, VS+15%). 
 
 

 
 

Figure 9. Validation results for SCT - September 14, 1995 
MW7.3 event: (a) response spectra (5% damping); (b) 
spectral amplifications; (c) time histories (N00E, VS+15%). 

 

 
 

Figure 10. Validation results for TXS2 – June 15, 1999 
MW6.9 event: (a) response spectra (5% damping); (b) 
spectral amplifications; (c) time histories (N00W, VS+15%). 

 
 

7 CONCLUSIONS 
 
We performed a series of nonlinear site response analyses 
with bi-directional shaking at three urban lakebed sites with 
historical ground motion recordings using the finite element 
program, LS-DYNA. The results are presented in Figure 6 
through Figure 10. Generally, the results presented herein 
suggest that the proposed SRA methodology captures the 
measured site response including high amplifications and 
long durations with the second phase beating. 

Recognizing the limitations in the inputs, particularly for 
the 1985 Michoacán event (as noted in Section 6), we 
conclude that our methodology adequately captures the 
response of Mexico City Clays, which generally governs 
the surface response in the Basin of Mexico. The results 
presented herein support the argument that the deep 
deposits and the unique properties of Mexico City Clay are 
the cause of the high amplifications and long durations in 
the lakebed, rather than a basin effect. 

Another important conclusion is that the surface 
response is highly sensitive to the assumed VS profile, and 
in many cases, it is crucial to consider variability in VS to 
account for uncertainties in measurements as well as 
phenomena in the soils that can cause the VS to be different 
from field measurements (e.g. thixotropy of clays). 
Assessing the sensitivity of the site response to the 
assumed VS profile facilitates an adequate characterization 
of the second phase response. 
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