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Abstract

The seismic ground response of the site for the New International Airport for Mexico City (NAICM) has been assessed
towards a seismic performance-based design of the different structures in the airside.

One additional seismic scenario, corresponding to the 1985 Michoacan great earthquake was made to verify the 1D
equivalent-linear (E-L) models to local measurements and identify possible site effect by surface waves in the Mexican
Valley basin. In this scenario the response from two points within the NAICM site is compared to the available
measurements at one station (TXSO) near the site. Furthermore, a zonation of the site was made deriving maps of some
ground motion parameters representing the site-specific ground response of the NAICM site during that event. Within the
quantified outputs, peak ground acceleration, response spectra, time histories are used for the compassion; in combination
with criteria from the site natural periods, shear strains and strain indexes.

The 1D E-L ground response during the 1985 earthquake is in agreement with the TXSO registers for the northwestern part
from the NAICM, at spectral periods up to 2.3 seconds. Towards the south, the response varies, as the soil condition varies
as well. The overall trend in amplification throughout the NAICM site is in agreement with the reported measurements
throughout the Mexican Valley. This is valid for the measured site periods (T=1.6-2.9 seconds). Based on the response
spectra validation and the overall response, it is found a reliable response from the 1D E-L models for this seismic scenario
for periods up to 2.3 seconds. Towards larger periods the E-L response appears over-damped, due to the surface waves
related to the basin effect, which cannot be captured by that method. To account for basin effect within seismic design it is
recommended to incorporate a factor either to the design spectra or ground motion prediction equation for the Mexican
Valley for periods larger than 2.3 seconds.
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1. Introduction

The site effects on the ground response from the Mexico valley soft soils has been recognized and studied during
various decades, after the Michoac&n great earthquake in September 19, 1985 (e.g. [1], [2], [3]). This article
summarizes the varied interpretations and findings from literature and aims to verify and discuss the
applicability of traditional 1-D equivalent-linear for this particular geological setting. For this, extensive ground
investigation and seismic studies recently made for the design of the new airport for Mexico City (NAICM) are
used (e.g. [4].,[5]). A specific scenario from the 1985 was assessed throughout the NAICM and the responses
compared to available measurements nearby.

The basin effect refers to the influence of a basin structure on the ground motion and includes body wave
reflections and surface waves generated at the basin edges by diffraction of body waves. The curvature of a basin
or basin edge can trap body waves and cause some incident body waves to propagate through the softer soils as
surface waves ([6],[7]). This results in total internal reflection at the base or lateral boundaries of the layer. Near-
field seismic sources are named coincident source and site basin locations (CBL), and far-field seismic sources
distinct site and source basin locations (DBL) by [8] in an attempt to distinguish patterns (Fig. 1). Basin effects
are important for periods (T) higher than 0.7 seconds [8].
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Fig. 1 — Left: Basin response models with near or far sources [8]. Right: 1- and 2-D resonance in alluvial valleys for SH
waves, in function of velocity or impedance contrast and shape ratio [11].

Recorded motions in soils, show larger amplitudes and duration due to interference of the incoming
surface waves generated by the basin edge. Softer soils result on longer duration of shaking at the surface, due to
back and forth propagating surface waves generated at the edges ([3], [9]). While body-wave arrivals have no
dispersion (due to intrinsic attenuation), the lateral dispersion of surface waves forms long oscillating wave
trains. Their duration increases with distance of propagation. Another important feature of surface waves is their
strong decay in their amplitudes with depth. Due to this, earthquakes deeper than the recorded wavelengths will
produce significantly reduced or no surface waves [10], unless generated as basin edge effect or other complex
effects.

The ground response of different basin geometries has been studied by several researchers (e.g. [11], [12],
[13]). A distinction between the response of shallow and deep basins is provided by [11]. For shallow basins,
there is agreement that the 1D assumption, due to the impedance contrast of wave propagation is a good
approximation of the amplification function due to lateral propagation, with exception of the edges. For deep
basins, or basins with irregular shape, the situation is more complex due to locally generated surface waves and
2D resonance effects, and the 1D assumption is generally not in agreement with 2D- or 3D amplification
functions [11]. To explain this, [11] use a basin shape ratio h/a, where a is the basin or valley half-width and h its
maximum depth (Fig. 1). This shape ratio in combination with the sediment/bedrock velocity contrast
determines whether the response is governed by 1D- or 2D site effects. 2D site effects amplify ground motion by
a factor of 2 to 3 in addition to 1D spectral amplification (Ibidem).
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Models of basin effects show reliable estimates at periods longer than about 2 seconds, but at shorter
periods, the response is more stochastic [14]. The mean-basin effect is period dependent and larger than 1-D
predictions for periods larger than 2 seconds [15].

Different features can influence the ground motion amplitudes, including the depth of the earthquake,
distance of the earthquake from the basin edge, effects that can depend on the location of the earthquake and of
the site within the basin, as well as on the basin depth and distance of the site from the basin edge [16]. The
basin edge can act also as bounding fault where surface waves are generated by interference of direct waves with
the edge. Concentration of damages along fault-controlled basins is reported in some cases, e.g. 1994 Northridge
and 1995 Kobe [14]. This basin-edge-effect can be evidenced by abrupt lateral contrast in shear wave velocities
and is not expected to occur at basin edges with smooth concave bedrock profiles (not controlled by faulting).
Large ground displacements can take place near the basin-edge due to the interference of surface/diffracted
waves with the direct waves and their multiples [17].

Site effects depend on the impedance contrast. Lateral irregularities can increase this amplification by a
variable amount. “If the impedance contrast is large, the lateral variations of that additional amplification can be
neglected and a single factor can be used throughout the valley” [18]. In Mexico City, “the first and most
important factor in the observed response is the impedance contrast between a thin layer of extremely soft clay
and its volcanic substratum” [18], nevertheless this factor is insufficient to explain site response because it is
incomplete. The observed long duration “is the result of a very long excitation wave field, produced by the
distance between Mexico City and the epicentral zone and the diffraction of the incident wave field by the
geological heterogeneities that plague the crustal structure in central Mexico”. This means, site effects in Mexico
City have to account for path effects from the subduction zone to the city [18].

1.1 Basin effects within codes and engineering practice

For engineering practice, some factors have been proposed to account for basin effects, modifying seismic
spectra (e.g. [11], [19]). To apply a factor 2 on the 1D response is suggested by [11], to reach a 2D response.
That factor is function of the basin shape and local impedance contrast. For southern California (deep basin),
[15] found relations among subsoil thickness to a certain shear wave (Vs) value (1.0 or 2.5 km/s), implemented
within ground motion prediction equations (GMPE’s) of the New Generation Attenuation (NGA) at long periods
(T>2 s). These GMPE’s have been derived for shallow continental earthquakes, therefore, are not applicable to
the hazard context of Mexico City. Another attenuation model for subduction earthquakes, considering basin
effects is under development within the NGA-West2 project for southern California (written -comm. J. Stewart,
07-03-2015). These type of models help design practice in order to incorporate this type of site effect, kept in
some extension aside until recently. In engineering practice superficial 1D ground response analysis is the
regular base towards more specific and complex (2- or 3-D) structural models. 2- or 3-D ground response
analyses are not common in seismic design. Therefore, the site effect from basins is simplified and needs to be
considered through other was as the mentioned factors and GMPE’s.

1.2 Basin effects in the Mexican valley

There are different hypothesis on the generation of surface waves and the associated basin effects that can
influence the seismic ground response from the Mexican basin, such as:

. Surface waves are generated at the basin edge and propagate back and forth resulting in long duration and
long period ground response ([3],[20].,[21],[22]).

. Lateral heterogeneities and possible presence of small sub-basins could be the cause of long durations [3].
Fundamental frequency and amplification depends on the number of soil layers and geometry of the sub
basins.

. The long duration registered at some soil stations (e.g. CDAO) may be related to dispersion and multi

pathing of long-period surface waves, from the source to the site and/or multi pathing within the valley

([21.123]).
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. Peak amplification from 1D models correspond to the minimum level of observed spectral ratios described
by [2] were estimated by [3]. A difference from 30% to 100% to match 1D models to measured values
was quantified by [3]. This means a factor of 1.3 to 2.0 to be multiplied to the 1D response. Average
spectral ratios for periods between 3 and 5 seconds are 60% larger than that for periods between and 3
seconds [3] (Fig. 11).

. The ground response is governed by the impedance contrast (1D effect), but there are various contributing
factors with different order of importance, e.g. lateral heterogeneities that split incoming wave trains
(waves travelling in the same direction and spaced at regular intervals) ([18],[23],[24]). Locally, the
interaction of diffracted wave trains of Rayleigh waves and the very soft upper clay layer (FAS) also play
arole [25].

. Source-site path effects play also a role, as surface waves can also be generated somewhere between the
epicenter and the valley [26]. Furumura and Kennett (1998) in [25] proposed a relation between the crustal
structure and the incident wave field at Mexico City. This hypothesis is supported by the large velocity
contrast measured between Guerrero Terrain and the Trans-Mexican Volcanic Belt (TMVB), which
amplifies the S-waves [27].

. In the Mexican Lake zone, 1D ground response analysis (GRA) has predicted the natural periods of
vibration and response spectrum well [21]. The observed records in the Lake Zone are well reproduced by
1D propagators using Hill Zone records as sources ([1], [23]). Hill zone records refers to the
measurements coming from the reference stations, located on the hills around the valley, e.g. CU01, used
in the seismic response analysis study.

. Another relevant issue in the ground response studies from the region is whether the Hill Zone records are
representative of the motion below the soft soil layers in Mexico City [25].

2. NAICM site conditions

The new international airport will be located at the northeastern side of Mexico City, at the former Texcoco Lake
(Fig. 2). The soil profile is summarized in Table 1. It consists of a desiccated crust (DC) of clay at the top, near 1
m thick. Below is upper very soft clay (FAS) of 23 m in average, followed by near 2.4 m of a very dense sandy
silt (CD). Underneath is the intermediate firm clay (FAI) of around 10 m thickness. Below that clay, is a very
dense silty sand/sandy silt (DP), considered as engineering bedrock or seismic base layer for the seismic ground
response analysis (GRA). The soil layers are dipping and thickening southwards. From East to West the soil
layers are sub-horizontal.
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Fig. 2 — Left: New airport location and some reference seismic stations (retrieved from the Mexican strong motion
database). Right: accelerograph stations near the NAICM site. All are on soil, only TXCR is on rock. Dark blue lines
represent approximate positioning from planned runways (after [30])
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3. Geotechnical description

There is plenty geotechnical ground investigation from the NAICM, but that is out of the scope of this
publication. Hereby are summarized only the main parameters necessary for the GRA, after ([4],[5],[29],[30]).

Table 1 — Soil units from 2012-2013 ground investigation [4]

Soil unit Soil description Thickness mean range
[m]
SU1A Desiccated Crust (DC): Medium stiff to stiff, high plasticity, desiccated clay; 0.4-2.4 (0.9)

Formacion Arcillosa Superior (FAS): Very soft to soft, greyish green CLAY of high
plasticity (CH); interbedded with thin layers of loose, fine silty sand and occasionally
SU1B dense volcanic glass; 16.5-34.2 (23.3)

Capa Dura (CD): Very dense, greyish green, slightly cemented sandy silt to silty sand
SuU2 (MH to SM); 0-5.5 (2.4)

Formacion Arcillosa Inferior (FAI): Firm, becoming stiff with depth, greyish green
CLAY of high plasticity (CH); interbedded with thin layers of loose to dense, fine
SuU3 silty sand and very dense volcanic glass; 5.8-15.6 (10.4)

Depositos Profundos (DP): Interbedded layers of very dense, greyish green silty sand | Top of DP*, on average
SuU4 / sandy silt (SM / MH) and firm to stiff clay (CH).** at 37 m depth

*DP: Depositos Profundos (deep deposits); ** clayey part from DP are frequently refered as the third Formacion Arcillosa,
or Formacién Arcillosa Profunda (FAP).

The ground profile that governs the NAICM site response comprises different soil units until the seismic
base layer (SBL), defined as the layer where an important impedance contrast is found (Table 1). The complete
soil column above the SBL has a mean shear wave velocity (Vs) of 107 m/s. The SBL is a subunit from SU4 at
near 60 m depth. The mean Vs of from SBL is approximately 500 m/s. A 3D spatial geomodel was built in
Rockworks for the NAICM site [4], from which the 1D soil columns grid were extracted for the GRA.

The shear wave velocity (Vs) was measured with direct and indirect methods: 7 PS-L logging, 1 seismic
dilatometer test and 11 H/V ambient vibration tests, with depths from 40 to 99 m ([29], [30]). In order to have a
wider and deeper coverage throughout the site, an empirical correlation was developed to predict Vs based on
CPT cone tip resistance (qc), sleeve friction (fs), soil behaviour type index (l.), effective stress (¢’y), depth (2),
and in situ void ratio (go) [5]. This relation is based on the works from [31], [32], [33]. The Vs were calculated
for each geotechnical unit. Mean values were implemented in the GRA (Table 2), excepting for SBL. The SBL
was interpreted as the mean +1 standard deviation for conservative purposes to prescribe higher impedance.

Table 2 — Geotechnical parameters for GRA (after [5]); SU4C=SBL

Soil unit Mean Mean depth Mean Vs Saturated unit | Plasticity index (PI)| Small strain shear
thickness [m] | top unit [m] [m/s] weigth [KN/m?] +1 standard moduly (G,) [MPa]
deviation [%0]
SU1A 0.9 0.0 n.a. n.a. n.a. n.a.
SU1BA 9.4 0.9 50 11.9 200463 3
SU1BB 8.7 10.3 60 12.4 185+36 4.1
SU1BC 5.2 19.0 78 125 157471 6.6
SuU2 2.4 24.2 115 18.0 25 24.3
SuU3 10.4 26.7 133 13.0 131466 21.4
SU4A 9.3 37.1 205 18.0 54+36 87.2
SU4B 11.4 46.4 185 18.0 90+49 79.4
Su4cC n.a. 57.9 472 18.0 n.a. 451




16™ World Conference on Earthquake, 16WCEE 2017
Santiago Chile, January 9th to 13th 2017

The modulus reduction and damping curves were selected after Mexican literature, combined with the
available laboratory tests from the project: resonant column and cyclic triaxial tests. Units FAS (SU1), FAI
(SU3) and DP (SU4) follow [34]. Mean PI (+/-1standard deviation) were used to define the curves, adjusted with
the laboratory test results as well as combination with curves from [35]. For the sandy to silty Capa Dura (CD)
layer (SU2) conservative upper/lower bound curves for cohesionless soils from [36] were selected. These curves
display a good match to curves with low plastic behaviour (Pl = 25%). Example curves are given in Fig. 3. The
small strain shear modulus (Go) is simply derived from Vs = \(Go/p), where p is the soil density.

Unit SU1BB Modulus reduction curves Reme, (2011} UnitSU1BEB Hysteretic damping curves Rome. (2011
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Fig. 3 — Modulus reduction (left) and damping (right) curves from unit SU1BB: blue [34]; background [35]; resonant
column (black dots) and cyclic triaxial (red dots) tests (after [5]).

4. Seismic aspects: site hazard and 1985 Michoacan earthquake

The seismic hazard of the site was provided by IIUNAM ([29], [30]) for various return periods (Tr), as base to
determine the structure-specific design parameters. The sources governing the seismic hazard are two:
subduction earthquakes and intermediate depth, cortical events. The subduction earthquakes occur along the
plates boundary in the Pacific coast, more than 280 km from Mexico City and more than 300 km from the
NAICM site. Magnitudes from this source can reach up to 8.4 [29]. The intermediate events are product from the
subduction process as well, but these are local. Intermediate events have focal depths between 30 and 120 km
and their estimated maximum magnitude is 8.1 [29]. The peak ground accelerations (PGA) at reference level are
listed on Table 3.

Table 3 — Pseudoaccelerations from uniform hazard (5% critical damping) for bedrock, in cm/s? (after [29])
Tr [years] 475 125 250 475 2475
PGA (T=0.05s) 56.8 86.9 117 150 271

The site-specific GRA followed ASCE 7 [37] using a minimum of five recorded horizontal ground motion
time histories, scaled and matched to each target spectrum, from events having magnitudes, fault distance, and
source mechanisms consistent with those that control the hazard [5]. But for this specific study, a record from the
1985 great earthquake measured near the site is used to compare the 1-D GRA from the NAICM site. The
horizontal components from that event, recorded at reference level (bedrock or seismic base layer), were loaded
to the whole grid of 1D models from the site.

Within and near the NAICM site are some accelerographs (Fig. 2). Most are on soil, only TXCR is
founded on rock. From those stations, only TXSO (Texcoco Sossa) registered the great Michoacéan earthquake in
1985. That station is near 3 km northwest from the site and is used to compare with the GRA response from the
1D models at the northwestern corner of the NAICM site. Two stations from the Mexican valley were used as
reference stations at engineering bedrock. These are CUOL, founded on rock, and TACY founded on hard soil
(Fig. 2). Other available measurements from two stations on soil (CDAO, SCT) from the southern side of
Mexico City are used to review the site effects during the 1985 Michoacén event (Fig. 2).

Some of the ground motion parameters measured at the soil stations are listed in Table 4. The horizontal
peak accelerations and velocities at rock or seismic base layer (SBL) range between 27 and 34 cm/s?, and 8.2-
10.5 cm/s at CUO1 and TACY reference stations respectively.
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Table 4 — Ground motion parameters from horizontal components, 1985 Michoacan event measured on stations on soil

Station CDAO SCT TXSO
Component NOOE N9OE NOOE N90OE NOOE N90OE
Max. Aceleration [cm/sec’] 61.59 78.26 103.15 165.305 103,04 102,97
Max. Velocity [cm/sec] 29.97 34.06 35.8 58.02 9,836 8,98
Max. Displacement [cm] 19.72 21.8 15.6 2211 21,57 17,6
Arias Intensity: [m/sec] 1.13 1.02 1.2 2.24 0,319 0,237

5. GRA at NAICM

The GRA was executed with 1-D equivalent-linear (E-L) method with STRATA [38]. In this method, vertically
propagating, horizontally polarized SH shear waves (in-plane) propagate through a site with assumed infinite
horizontal layers, above a half-space (seismic base layer). In principle, within this simple method the possible
occurrence of surface waves due to the basin effect is not incorporated. A comparison for verification was made
with the software Deepsoil (V.6.1, from Univ. of Illinois at Urbana-Champaign and Y. Hashash). A regular grid
throughout the site with 400 m spacing and a total of 329 points was used to quantify the GRA for various
seismic scenarios towards the design of several structures. Fig. 4 shows an overview of the site with its
respective interpolated site periods determined at each point of the grid with the mean Vs and depth to the
seismic base layer (first mode natural frequency). At each point, the soil model was extracted from the 3-D
geomodel and 1-D models were automatically generated for their GRA. This publication shows only the
response from the 1985 Michoacan event. The input parameters and the seismic scenarios are described in
Sections 3 and 4.
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Fig. 4 —Site periods (Ts). Red circles indicate points 54 and 38, used for the analysis

The input time histories loaded into the 1D models are the two horizontal components from the records
from CUOL and TACY stations. The ground responses at surface are compared then to the surface response
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meééured at TXSO station (Fig. 2). The outputs from one point towards the northwestern corner of the NAICM
site are used (point 54 named north herein, Fig. 4), as considered the closest point to station TXSO. The outputs
from another point from the southern edge of the site are used as well in the analysis (point 38 named south
herein, Fig. 4).

The peak ground accelerations from the north-western sector are similar to the measured values at TXSO
(Fig. 5 and Table 4). But a larger range of values appears towards the south, where appear thicker soft clays
and larger Ts. To account for the complete period range, the ground response is compared in terms of response
spectra (Fig. 5). A good agreement is found among the measured spectral response from TXSO and the
response from the northern point to a single signal (CU, north component: CUNOOE). The fit among the
measured response and mean horizontal responses is less good but the overall shape of the spectra remains
similar. The fit among the measured TXSO and modeled CUNOQOE response spectrum is good up to a period of
near 2.3 seconds. The E-L response at periods above 2.3 seconds appears over-damped. Furthermore, the same
E-L model has a higher peak spectral acceleration (PSA) near the natural period (Ts) of the soil column,
suggesting resonance. E-L is known to show a stronger resonant response ([38],[39]). Such amplification could
be decreased with a nonlinear model, however the period range is narrow, in general the E-L approximation is
good. At higher seismic loads this effect of nonlinearity might become a more relevant issue. At the north point
the soil column has 55.6 m depth to the seismic base layer with a Ts=1.65 seconds. The southern point displays a
shift towards longer periods in the spectral response, in relation to the reference from TXSO (Fig. 5). The soil
column there is deeper (around 70 m) with a higher Ts (2.5 s), coinciding with the larger PSA. The spectral
response from the southern point clearly differs from the one at the north and TXSO station (Fig. 5).
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Fig. 5 — Left: Peak ground acceleration during the 1985 Michoacan earthquake at NAICM site obtained from the 1-D GRA.

Right: Response spectrum 1985 Michoacan earthquake measured at TXSO station (blue); compared to calculated response

spectrum with 1D E-L at north (black) and south (red) points; continuous curves represent mean response and dotted curves
the response from a single component from CUO1 station.

A common limitation from E-L models is a higher PGA and over-damped high frequencies [39].
However, for this site and at this level of seismic load this does not occur. The 1D E-L model captures well the
spectral shape on the low period but is less alike towards the higher (Fig. 5). This difference can be an indicator
of the basin effect acting at the higher periods as pointed by [15], although nonlinearity effect there cannot be
discarded. Besides the possible basin effect on the ground response, one might wonder as well if the nonlinear
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(N-L) response is well captured on such E-L models. To gain further insight on this, the maximum shear strains
are plotted in depth for the north and south points in Fig. 6. In the same figure is also illustrated the strain index
(v,ind) from both sites. This index corresponds to the peak ground velocity at bedrock (PGV;r) divided by the
mean shear wave velocity form the upper 30 m (Vs;30) [39].

Until date, there is no full consent on an onset of nonlinearity but recent proposals suggest a certain shear
strain (ymax), for instance, [41] sets a 0.4%, but adds that can be as low as 0.1%; while [39] points it is typically
around ymax~0.5-1.0% . Both interpretations are included in Fig. 6, and it is clear that for the 1985 earthquake,
the strains calculated at the northern point are below possible nonlinearity (stiffer) and the ones at the southern
point near the onset. The strain indexes provide a similar insight: the northern point is less soft with low y,ind
and the southern point is softer. According to [39], site response is not affected by nonlinear soil behavior at
periods T>0.7 s. The E-L models capture well the nonlinear response from this seismic scenario, excepting
around the natural frequency of the soil, where resonance amplifies the E-L response, in agreement with [40].
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Fig. 6 — Left: Maximum shear strains from E-L models from north and south points in relation to proposed onsets of
nonlinearity. Right: Strain index (y,ind) for the north and south points at different seismic scenarios. The variation from this
index indicates where PSA from E-L are biased low relative to PSA from nonlinear analysis (after [38])

To extend the review from the E-L ground response throughout the whole NAICM site, mean peak
spectral amplification ratios with respect to the reference station, CUQ1, at the natural periods. These ratios were
estimated for all the points of the grid and are plotted in Fig. 7 together with the measurements from [2], as well
as the interpretations from [3]. The velocity contrasts at NAICM range between 3.3 and 6, therefore the expected
amplitudes will vary as well. The variation found from the 1D E-L at the NAICM is higher than the 1D models
from [3] and shows agreement with the mean interpretation from [3] on the measurements from [2]. The
measurements from [2] are clearly larger towards the longer periods. 1D E-L appears to have a relatively
constant amplification for the covered period range (T=1.6-2.9 s). There are no higher periods at the NAICM
site, therefore it is unknown the performance from the 1D E-L at that range. From the actual trend of relatively
constant amplification on the E-L responses (Fig. 7), together with the response spectrum (Fig. 5) it can be
expected that 1D E-L represents well the site response for periods up to 2.3 seconds. The response spectrum gets
saturated above that period. Such range 1D E-L appears to handle is in agreement to the proposed period of 2
seconds [15], above which basin effects become important on the site response.

In time domain, the modelled response from individual input horizontal components of CUO1 showed
reasonable agreement to the measured amplitudes at TXSO station (Fig. 8). The register from TXSO does not
seem to show the longer duration observed at other particular sites of the Mexican valley that cannot be
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reprbduced by 1D models, addressed by [1],[3],[20], among others. It is plausible that at TXSO site the effect of
surface waves is lesser than at other sites of the valley.

60 |

50 -
] + Mexico Valley (Singh et
............................................. al., 1988)

+ E-LNAICM (mean for

40 - .
1 * 'S 1985 event)

1D Kawase & Aki
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Aki, 1998)
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deviation (Kawase
& Aki, 1998)

Relative amplification

Tls]

Fig. 7 — Comparison among 1985 earthquake spectral amplification ratios measured by [2] with respect to CUO1 station at
the natural periods (blue); 1D models and interpretation from [3]; 1D E-L models (mean) from this article (green). Black
line corresponds to the linear trend from the observed ratios from [2]
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Fig. 8 — Comparison of surface measurement (TXSO) with 1D E-L ground response from north point

6. Conclusions

The 1D E-L models from the NAICM site show agreement, within some extend, to the measured response at
station TXSO, near 3 km to the north-west, during the 1985 Michoacdn earthquake. The peak ground
accelerations and response spectrum are in agreement up to a period of 2.3 seconds. The common limitation
from E-L approach at high frequencies is not found in the response from this site at this seismic load, but on the
longer periods the modeled and measured responses diverge. The best match found among the measured
response to the modelled 1D E-L corresponds to a site from the north-western corner of the NAICM site. In
particular, the best match is found from an individual signal response from CUQL station, rather than a mean
response from the different horizontal components assessed. In the response spectrum, it is noticed a larger
spectral amplitude of the E-L peak response towards the natural period of the soil. This is related to resonance,
the E-L method is known to amplify more near the resonant site frequency. For the northern part of NAICM, the
amplitude of the time history is reasonably captured as well. The point measured at the south of the site, showed
different spectral response, expected given its different soil profile.

The response from the NAICM site is compared as well to the measurements throughout the whole
Mexican Valley provided by [2], and analyzed by [3]. The NAICM 1D E-L site response falls in agreement to
the measurements of the 1985 earthquake for the natural periods of the site (T=1.6-2.9 s, Fig. 7). However, the
trend of the E-L response is relatively constant, meaning that the increase in the amplification towards the larger
periods observed during that earthquake will not be captured by the 1D E-L method.
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Summarizing, the response spectrum and relative amplitudes point to a good match among the 1D E-L
response to the actual measurements of the 1985 Michoacén earthquake for periods up to 2.3 seconds (after the
response spectrum). The response at higher periods is over-damped. At those periods the basin effects influence
more the ground response, when the slower surface waves lead to larger amplitudes and durations that simple E-
L models cannot reproduce. On this regard, at other places it has been suggested that basin effects start playing a
role at periods larger than 2 s [15] or even as low as 0.7 s [8]. For practical purposes in engineering design,
special attention is recommended within the Mexican codes for that long-period range. A factor might be
necessary to implement to design spectrum or ground motion prediction equations at periods T>2.3 s
approximately, as already pointed by others (e.g. [3],[11]). More clear guidelines are still needed on the need and
use of such factors on seismic-resistant design on those particular seismo-tectonic environments.

The findings from this study should be taken with care since the whole response is site-dependent,
variations on basin shape and seismic hazard will all have an influence on the overall seismic response. The
findings from this study are applicable to the assessed site.
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