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ABSTRACT: In the assessment of seismic site effects, geotechnical conditions heavy influ-
ence the local seismic response. Recently deposed surface sandy and silty layers overlying
high-thickness coarse alluvial layers characterize subsoil geotechnical profiles at Great Men-
doza area. There exist also randomly disposed silty and clayey deposits caused by transient
torrential streams. This work introduces the analysis of a twenty six-meter long two dimen-
sional soil profile of one of the most growing quarters in Mendoza City. Seismic amplification
on this profile is analyzed by both classical one-dimensional modeling and advanced two-
dimensional modeling through finite element method. Results of both one and two-dimen-
sional approaches are compared. It clearly appears that two-dimensional modeling better rep-
resents the influence of soil lenses and other irregular layers into the local seismic response.
Differences in terms of seismic amplification response also reinforce the conclusion that one-
dimensional approach could be not sufficient in such cases.

1 INTRODUCTION

Mendoza is a one million inhabitants city, the fourth most-populated in Argentina. It is
located close to the Eastern margin of the mountain range called “Andean Precordillera”.
Seismically, it is one of the most active zones of crustal thrust faulting in the world (~4.5 mm/
yr shortening rate). In the Northern Mendoza Seismic Region, dominated by north-trending
thrust faults and complex folded structures, several destructives earthquakes occurred during
the last few hundred years. In 1861, one of the most destructive earthquakes in Argentina’s
history (MS = 7.0) destroyed the city and surroundings. This specific event is inferred to have
been triggered by the 31km-long east-migrating La Cal thrust fault, which extends south into
the Great Mendoza urban area (Figure 1).
In the assessment of seismic site effects, geotechnical conditions influence the local seismic

response, inducing changes in the seismic signals arriving to each specific site. Subsoil geotechnical
profiles at Great Mendoza area are characterized by recently-deposed surface sandy and silty
layers overlying high-thickness coarse alluvial layers. Surface layers smoothly dip toward East,
due to the first foothills influence on the West. There exist also randomly disposed silty and clayey
deposits caused by transient torrential streams, having very irregular spatial configurations.
The customary numerical approach to this problem is carried out by one-dimensional dynamic

models. In this case, however, layer dips and discontinuities could not be properly represented.
This apparently shortcoming can be solved by using two-dimensional dynamic modeling.
The main aim of the study is to identify and quantify the differences between 1D and 2D

modeling in the assessments of local dynamic response of a specific site of the Great Mendoza
area and establish his causes. For that, it was used PLAXIS V8 code for analysis throughout
Finite Element Method – FEM (Plaxis 2006). For comparison and calibrating purposes
DEEPSOIL code was also used, for 1D equivalent-linear analysis (Hashash et. al. 2017).
This work introduces the two-dimensional non-linear analysis of a twenty-six meters (26m)

long soil profile belonging to one of the most growing quarters in Mendoza City (Figure 1).
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This profile is located on the intersection of Boulogne sur Mer and Jorge A. Calle streets and
is oriented in the sense of the last one. Local seismic response on this profile is analyzed by
both one and two-dimensional modeling. The applied input signal was a synthetic accelero-
gram matching a bedrock spectrum that was developed by means of a previous seismic study
(Mingorance et. al. 2006) for the Great Mendoza urban area.

2 THE PROFILE

2.1 Geotechnical characteristics

Some geotechnical profiles were included in a general previous study (PEN 1989). Those pro-
files are available only as graphic representation with general and scarce geotechnical informa-
tion. No specific geotechnical parameters are included in the original information. Among the
available geotechnical profiles, a specific one is chosen according to the following criteria:

• It is located in a relatively dense populated area;
• It has a slight slope in west-east direction, as observed in much of the city;
• It has a representative variety of soils including low-density uncompacted layers;
• Lenses include contrast between layers properties;
• Surficial infill, that is frequently present in some points of the city;

The selected 2D geotechnical profile is represented in Figure 2 and its characterization is
based on the available information. It shows an in-depth sequence of silty, sandy and gravely

Figure 1. Great Mendoza area with local seismicity data (year/Ms magnitude).

Figure 2. Geotechnical profile West-East at Mendoza City with detail of axis A to J.
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soil layers, with irregular lenses and some superficial anthropic infill. Geotechnical parameters
related to the soil layers are summarized in Table 1.
Ten (10) vertical axis named A to J are defined for the analysis. Each axis captures a differ-

ent soil layer sequence. Five vertical profiles, based on axis B, C, D, F and I are selected for
1D analysis. Results of 2D analysis are presented for all A to J axis.

2.2 Dynamic characteristics

When soils are subjected to cyclic dynamic shear as occurs during an earthquake, generally
they experience non-linear behavior that is associated to decrements in the normalized shear
modulus G/G0 and increments in the damping ratio β according the shear strain γ increases
(Seed & Idriss 1970; Vucetic & Dobry 1991; Rollins et. al. 1998).
Regarding the shear modulus, it is possible to include the same degradation curve into the

two software for all the materials. It helps to obtain comparable results between the two soft-
ware. In all cases, the normalized G/G0 relationships are described using the equation pro-
posed by Santos & Correia (2001) (Figure 3a) defined as:

G

G0

¼ 1= 1þ a
γ

γ0:7

� �� �

ð1Þ

Where a = 0.385 and γ0.7 corresponds to the shear strain γ associated to a shear modulus G
that is the 70% of the low strain shear modulus G0.

Regarding to damping, the two software use different ways to include it. In DEEPSOIL
code the β ratios are included by curves, as represented in the Figure 3b while for PLAXIS

Table 1. Properties of geotechnical profile soil units.

γ vs ν G0 γ0.7 ϕ

N° Soil Type USCS* [kN/m3] [m/s] [ ] [kPa] [rad] [°]

1 Surficial infill SM 12.5 160 0.25 32,600 1.00E-4 20

2 Silty lens CL-ML 13.4 190 0.25 49,000 3.00E-4 22

3 Sandy silt ML 14.5 230 0.25 78,200 3.00E-4 25

4 Silty sand SM 16.0 280 0.30 127,900 2.50E-4 32

5 Sand with gravel SP 16.8 330 0.30 186,500 2.50E-4 35

6 Sandy gravel GP 20.4 360 0.30 269,500 2.00E-4 38

7 Coarse gravel GP 21.1 430 0.30 399,600 2.00E-4 40

8 Dense gravel GW 22.3 700 0.30 1,114,000 2.00E-4 40

* Soil type according the Unified Soil Classification System

Figure 3. (a) normalized stiffness curves used in 1D and 2D analysis; (b) damping ratio curves used in

1D analysis with DEEPSOIL.
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code, the possibility to include external curves is not available, since the material model intern-
ally calculates the damping from the hysteresis load-unload-reload cycle, based on the shear
modulus degradation (Plaxis 2006; Schanz et al. 1999). Furthermore, a global Rayleigh-type
damping C (Equation 2) can be included, applied over the calculated velocities by two param-
eters, α (that affects the mass matrix, M) and β (that affects the stiffness matrix, K). From a
calibration process comparing the amplification factors AF (Section 3) obtained both from
DEEPSOIL and PLAXIS, it is possible to find and adopt the values α = 0.001 and β = 0.01.

C ¼ αMþ βK ð2Þ

2.3 Parameters

The assessment of geotechnical parameters of each soil layer was made on the basis of specific
information provided by different previous studies and the general knowledge of the area (Sil-
vestri et. al. 2015; Ibañez et. al. 2016; Ibañez et. al. 2018). Table 1 contents a summary of the
geotechnical information assumed in the study.

2.4 Input motion

The signal assumed as input motion applied in the bedrock takes into account the presence of
near – thrust fault conditions and corresponds to the same considered in Silvestri et. al.
(2015). Figure 4 corresponds to the time history accelerations assumed as input signal in the
bedrock of both the 1D and 2D geotechnical profiles. It is relevant to mention that the peak
ground acceleration of the input signal applied in the bedrock is 0,35g.

3 THE MODELING

3.1 Dynamic FEM analysis

FEM is used for both 1D and 2D analysis, in the aim to study the effect of dimension on local
site response, especially in presence of irregular soil profiles. This mesh-based analysis is made
by using elastoplastic constitutive model which reproduces dynamic soil stiffness degradation
and damping growing with shear strain increment (Plaxis 2006; Schanz et al 1999).
Special attention is required in the assumption of Rayleigh-damping parameters. For that,

the results of the one-dimensional numerical code DEEPSOIL (Hashash et al. 2017) was used.
This code uses equivalent-linear analysis and allows including damping curves for each mater-
ial. Then, DEEPSOIL response in terms of amplification factor AF (Equation 3) was used
here in order to calibrate, by means of response comparison, the Rayleigh-damping param-
eters. It can be note that comparisons between different methods are allways complex

Figure 4. Time history accelerations assumed as input signal in the bedrock.
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processes (see Régnier, J., et al., 2016). In our case, it was done just to help in the checking/
calibration of damping parameters.

3.2 Column-type 1D profiles

The 1D modeling is carried out over five vertical soil columns that belong to the analyzed pro-
file (B, C, D, F and I in Figure 2). Figure 5 contains schemes associated to each of the five
soils columns with the geotechnical properties detailed in Table 1.
The five columns were modeled by the two-abovementioned software. Results are obtained

as the surficial responses calculated in terms of acceleration time histories and in terms of
acceleration response spectra. In order to compare the results in a simple way, it is usually
used the amplification factor AF, defined according to Equation 3, where PGAout and PGAinp

represent horizontal peak ground and bedrock accelerations respectively.

AF ¼
PGAout

PGAinp

ð3Þ

In the case of DEEPSOIL, AF varies into a narrow range, from 1.36 to 1.41 for the five
columns. In the case of PLAXIS, it were used wide 2D models (40 meters wide) for represent-
ing the five soil columns. The Rayleigh damping parameters were used as variable for fitting
the DEEPSOIL results in terms of AF. Adopting default values α = 0.001 and β = 0.01, AF
values obtained by PLAXIS also were fitted in a 1.36 to 1.41 range. Using this procedure it
was possible to do a kind of fitting between both software in terms of resultant AF.

3.3 Full 2D profile

Figure 6 corresponds to the finite elements mesh representing the twenty-six meters (26m)
long soil profile. In order to avoid the influences of lateral borders related with the absorbent
boundaries proposed as dynamic boundaries by PLAXIS, it was necessary to add two lateral
extensions that are represented in the figure. This enlargement of the FEM model, increments
the computational efforts applied to study the central section itself. Ten (10) surficial points
named A, B,. . ., J are defined as points of interest were the seismic responses are calculated.
Special attention was taken with the FEM-mesh element size, by adopting the Kuhlemeyer

& Lysmer (1973) criteria for maximum element size h by Equation 4

hmax � Vs= 6 fmaxð Þ ð4Þ

where fmax is the maximum value of meaningful frequency of the input signal. This mesh-con-
trol criterion avoided the inclusion of numerical wave-filtering errors during dynamic analysis.

Figure 5. One-dimensional profiles A, B, C, D, and E defined with base on the two-dimensional geo-

technical profile (see geotechnical soil parameters in Table 1).
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4 RESULTS

Comparison of the surficial responses calculated by means of 1D and 2D FEM modeling is
made both in terms of acceleration time histories and in terms of acceleration response
spectra.
For a better comparison between the different methods presented in this work, the amplifi-

cation factor AF was used as defined in Equation (3). The AF is calculated both in 1D (as
FA1D) and 2D (as FA2D) modeling and is represented in Figure 7 for the ten surficial points
where the output response is calculated. In addition, the relative amplification factor RAF
given by equation (5) corresponding to the ratio between both amplification factors is
represented.

RAF ¼
AF2D

AF1D

ð5Þ

Figure 7 shows both AF1D, AF2D and RAF. It can be seen two tendencies: i) the 2D ampli-
fication factors are greater than the 1D amplification factors; ii) the relationship between
them (RAF) strongly depends on the point taken into account. It is not easy to find an explan-
ation to this strong variability in AF2D but it seems that contrasts in shear wave velocities (vs)
could mean a big portion of this explanation. Another explanation for the difference in 1D-
2D responses could be related to the fact that 1D modeling is not capable to consider the lat-
eral variations in layers thicknesses when soil lenses are present in the geotechnical profile.
The AF in free field conditions obtained by means of the envelope of 1D model responses

is equal to 0.50/0.35 = 1.43 while the AF in the same condition for 2D model is equal to

Figure 6. Two-dimensional model using FEM. The central section corresponds to the geotechnical pro-

file. Two lateral extensions were added in order to avoid the influence of the borders on the central sec-

tion. Axis A to J correspond to the axis defined in Figure 2.

Figure 7. Amplification factor (AF) obtained at measurement surface points. Relative amplification

factor (RAF) as comparison between 1D (B, C, D, F, I) and 2D (A. . .J) results.
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0.60/0.35 = 1.71 (row 1 of Table 2). The authors have also putted in evidence (Ibañez et. al.
2018) that the shape of the soil lens included in the geotechnical profile can influence the amp-
lification factor.
Starting from the output surficial signals obtained by both 1D and 2D modeling, pseudo-

acceleration elastic spectra were calculated by means of the software SEISMO - SIGNAL
(Seismo Signal 2018). Figure 8 shows 1D and 2D spectra respectively. Spectrum associated to
the input signal is represented (shadowed in grey). The spectra envelope is also represented by
means of a dashed line.
Figure 9 was prepared in order to compare easily the two families of spectra and its enve-

lopes: that obtained by means of 1D modelling and that whit 2D modelling. The spectrum
associated to the input motion is also represented.

5 DISCUSSION

It is worth mentioning that the main objective of this work was not to make the best estimate of
the seismic site effects themselves, but to compare the results obtained by 1D and 2D local seis-
mic response modeling in conditions as equivalent as possible. The conclusions obtained in this
sense will be very useful in order to planning the following steps of the authors research work.
In Figure 9 it is easy to see that for very short periods the 1D modeling produces the max-

imum spectral responses and amplifications but in the wide majority of the periods, the 2D
modelling evidences greater spectral amplifications than those of 1D modeling. Figure 9b
shows the period’s ranges where spectral amplifications were found and the amplifications
itself. It can be seen that 2D modeling produces higher amplification that 1D do with the rela-
tive exemption of the period range comprised between 0,20 to 0,35sec.

Table 2. Summary of spectral amplifications

Profile

1D 2D

Pmin
* Pmax Amin Amax Pmin Pmax Amin Amax

a 0.00 0.00 0.35 0.50 0.00 0.00 0.35 0.60

b 0.15 0.20 1.02 1.25 0.20 0.31 1.03 1.16

c 0.30 0.35 1.10 1.18 0.35 0.56 1.10 1.17

d —- —- —- —- 0.65 0.76 0.7 0.92

e —- —- —- —- 1.14 1.27 0.57 0.76

f —- —- —- —- 1.73 1.96 0.39 0.49

* P: periods, A: amplifications

Figure 8. Spectral pseudo-accelerations: (a) One-dimensional responses (in B, C, D, F and I); (b) Two-

dimensional responses (in A, . . ., J). The dashed line is the envelope. Spectrum of the input signal in shadow.
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6 CONCLUSIONS

Results of both one and two - dimensional approaches are compared. Is seems that two -
dimensional modeling could better represent the influence of soil lenses and other irregular
layers into the local seismic response. Differences in terms of seismic amplification response
also reinforce the conclusion that one - dimensional approach could not be sufficient in cases
where the presence of high contrast properties soil lenses is relevant.
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