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ABSTRACT:  The aim of this paper is to compare the results of numerical local seismic response analysis (LSR), 

performed by two different non linear 1-D codes, Onda (Lo Presti et al., 2006) and Deepsoil (Hashash et al., 

2017). Numerical analyses of seismic response have been carried out on a site in the city of Messina (Italy), 

where it is located an important highway bridge (Ritiro bridge), which recently has been interested by several 

safety works. For this site the geotechnical characterization is available, with in situ and laboratory tests that 

show the presence of sandy soils. Local seismic response analyses have been carried out using some synthetic 

seismograms of the Messina and Reggio Calabria 1908 earthquake (Amoruso et al., 2002). Results of the 

numerical analyses are presented as comparisons in terms of maximum acceleration profiles, maximum shear 

strain profiles, response spectra, surface response seismograms, Fourier spectra and amplification ratios.  

 
RÉSUMÉ:  Le but de cet article est de comparer les résultats de l'analyse numérique de la réponse sismique 

locale réalisée par deux différents codes non linéaires 1D, Onda (Lo Presti et al., 2006) et Deepsoil (Hashash et 

al., 2017). Des analyses numériques ont été effectuées on un site de la ville de Messine, où se trouve un important 

pont routier (pont de Ritiro), récemment intéressé par plusieurs travaux de sécurité. Pour ce site, la caractérisation 

géotechnique et géologique est disponible, avec des tests in situ et en laboratoire montrant un sol principalement 

sableux. Des analyses de réponse sismique locale ont été effectuées en utilisant le sismogramme synthétique 

Amoruso pour le tremblement de terre de Messine en 1908 (Amoruso et al. 2002). Les résultats des analyses 

numériques sont présentés sous forme de comparaisons en termes de profils d’accélération maximale, de profils 
de contrainte de cisaillement maximum, de spectres de réponse, d'accélérogramme de réponse en surface, de 

spectres de Fourier et de fonction d’amplification.  
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1 INTRODUCTION 

The drafting of seismic microzonation represents 

one of the most important ways to proceed with 

the study of the seismic risk of a specific area of 

interest (Castelli et al., 2016; Cavallaro et al., 

2008, 2016). 

Seismic microzonation studies for a specific 

area evaluate all the local geotechnical, 

geological and topographic conditions, which 

modify the ground motion predicted according to 

the soil standard conditions, that is outcropping 
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bedrock and horizontal topographic surface 

(Grasso and Maugeri, 2014). According to the 

“Manual for Zonation on Seismic Geotechnical 
Hazards”, local seismic response is one of three 

effects straightforwardly linked to a seismic 

event, which could be analyzed using three 

different rising levels of knowledge, known as 

levels of zonation (Level 1, Level 2, Level 3). 

The third level of microzonation might be 

executed using specific computer codes, based on 

the use of 1-D, 2-D or 3-D models. Although 3-

D models could, theorically, be the most realistic 

representation of a soil behaviour, in fact, the 

wide complexity and quantity of required data 

makes it impossible to use computer codes based 

on 3-D models. Such accounts may also be done 

for 2-D models: these kind of computer codes are 

usually used to study sites with specific 

conditions, such as alluvial regions, topographic 

irregularities, etc. (Ferraro et al. 2009). 

The local seismic response (LSR) analysis is 

being merely performed by 1-D models: they 

may be mainly distinguished in equivalent linear 

and non-linear models. The first model is the 

simplest one, even though its execution gives 

well-established results (i.e. Ferraro et al. 2015; 

2016). Instead, a non-linear approach, clearly 

harder than the first one, provides a more realistic 

result due to the real soil behaviour during an 

earthquake, which is nonlinear, too. So, in real 

conditions, soil behaviour is deeply linked to 

damping ratio D (quantities which, for simplicity, 

are assumed mutually independent in equivalent 

linear approach). 

For this reason, this paper has been set to 

compare two computer codes, both using two 

different non-linear models. Specifically, the 

same subject of study, which is Ritiro bridge 

(ME), located along the highway A20 PA-ME, 

has been undergone to local seismic response 

(LSR) analysis using modified Ohsaki and 

General Quadratic/Hyperbolic nonlinear models, 

proposed by two computer codes, called 

respectively ONDA and DEEPSOIL. 

2 THE ONDA CODE 

Developed in Python language, ONDA 

(Camelliti, 1999) is a computer code which 

allows to conduct the local seismic response 

(LSR) analysis, considering mostly soil 

nonlinearity. This code, whose name is the 

acronym of One-dimensional Nonlinear 

Dynamic Analyses, may be used to analyse some 

kinds of nonlinearity phenomena produced by 

seismic activity, such as cyclic softening and 

cyclic hardening.  

2.1 The modified Ohsaki model 

In this model nonlinearity behaviour is expressed 

assuming following hypothesis: 

a) A backbone curve that describes the initial, 

monotonic loading of the stress-strain curve, 

expressed by Ramberg-Osgood equation 

(Ramberg and Osgood, 1943); 

b) The unloading-reloading paths modelled 

using the modified Masing criterion 

(Tatsuoka, 1993).  

The Ramberg-Osgood equation is represented 

by a non-invertible power relation, expressed as 

follows (1): 

 

  (1) 

 

In equation (1), it is be possible to determine 

two of four Ramberg-Osgood parameters, α and 

R, which describe position and curvature, 

respectively. They should be determined from a 

regression on experimental data obtained from a 

monotonic loading test or, eventually, from the 

first quarter of a cycle of cyclic tests. The other 

fundamental parameters, shear strength τmax and 

shear modulus G0 are implicitly expressed inside 

equation (1). 

The modified Masing criterion, it is such a 

modified one, because, in this case, it is supposed 

to consider a variable version of factor n which 

originally, has been assumed equal to 2: the 

Masing criterion states that “the unload-reload 

branches of the stress-strain curve have the same 
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shape of the initial loading curve but affected by 

a scale factor (n) equal to 2”. The choice to 
consider the factor n not necessarily equal to 2 

gives a more realistic behaviour to the local 

seismic response analysis made by computer 

code ONDA. The n factor assumes a value 

smaller than 2 to perform the phenomenon of 

cyclic softening, instead, when it registers values 

greater than 2, it is performing the phenomenon 

of cyclic hardening. Such a variability of scale 

factor n allows computer code ONDA to express 

better softening or hardening behaviour 

undergone by soil deposit during a seismic 

motion; this code has also the capability to 

determine permanent shear strain which has been 

created during the earthquake. 

Joining the equation of Ramberg-Osgood and 

the modified Masing criterion, it is possible to 

obtain the equation which expresses the relation 

stress-strain (2): 

 

  
 

(2) 

 

where xc and yc are respectively the normalized 

strain and the stress amplitude at the loading 

reversal point of the stress-strain loop. 

3 THE DEEPSOIL CODE 

DEEPSOIL is a 1-D code for site response 

analysis that has been developed at UIUC in 

1998. Originally developed as a MATLAB 

program, only one year later, it has been 

redeveloped in C language. 

1-D non-linear time domain analyses can be 

performed with and without pore water pressure 

generation and also 1-D (equivalent) linear 

frequency domain analyses. 

Different versions of DEEPSOIL code are 

available: the last one, which was also used in this 

paper, is DEEPSOIL 7.0, developed in 2018. 

Anyway, it is necessary to specify that the 

General Quadratic/Hyperbolic (GQ/H) non-

linear model was introduced since the second to 

the last version (version 6.1). 

3.1 Description of General 

Quadratic/Hyperbolic model  

The goal of GQ/H model (Groholski et al. 2016) 

is to overcome the limits of the other two models 

yet proposed in the previous versions of 

DEEPSOIL code, that is MKZ (Matasovic, 1993) 

and Yee (Yee, 2013) models; both tend to 

overestimate the values of shear modulus G and 

damping ratio D for large shear strains.  

The GQ/H model is expressed by the following 

equation (3): 

 

 

(3

) 

 

where τ is the shear strength, τmax is the maximum 

shear strength, γ is the shear strain and γr is the 

reference shear strain such that γr=τmax/Gmax. 

Furthermore, θT is the curve fitting parameter, 

defined itself by the following expression (4): 

 

  

(4) 

  

in which θ1, θ2, θ3, θ4, and θ5 are curve-fitting 

constants; each of them acts on a specific part of 

curve-fitting, as listed below: 

θ1 = Lower-bound of θT; 

θ2 = Range of θT; 

θ3 = Reference abscissa of θT; 

θ4 = Reference ordinate of θT; 

θ5 = Controls the slope of θT; at γ=γr ¼ θ3. 

It is necessary to specify that the previous 

procedure of curve-fitting is used only to adjust 

the fitting of the backbone curve over a defined 

strain range. As already stated, at large strains, 

other DEEPSOIL models overestimate also the 

value of damping ratio D. Most of site response 

analysis codes, indeed, use the already mentioned 

Masing criterion to express unloading-reloading 
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stress-strain loop behaviour, whose one of the 

principal shortcomings is the overestimation of 

parameter D. For this reason, in DEEPSOIL code 

it should be used the solution proposed by Philips 

and Hashash (2009), whose purpose is to modify 

the Masing criterion, providing also a better 

agreement with the damping ratio D at large 

strains. This approach, called the modulus 

reduction damping ratio (MRDF), is given by the 

following equation (5): 

 

(5) 

 

where p1, p2 and p3 are non-dimensional 

parameters, which allow to reach the best fit with 

the damping ratio D. 

4 NUMERICAL ANALYSES 

Local seismic response analysis with ONDA 

and DEEPSOIL computer codes has been 

performed on Ritiro bridge. It is placed in the 

northeastern part of Sicily, at about 5 kilometres 

from Messina old town.  

An example of its geological features is shown in 

Fig. 1. 

 

 
 

Figure 1. Geological synthesis of Messina area: 

1=continental and marine deposits, beaches; 2=terri-

genous marine and clay-calcarenitic deposits; 

3=sandy-clay-calcarenitic deposits; 7=ground water, 

sands and sandy clays; 13= metamorphic complex in 

facies, with pan-African relicts in facies of granulitic 

deposits. 

 

Laboratory tests results provided fundamental 

data for the execution of LSR analysis (Caruso et 

al. 2016), such as shear modulus G and damping 

ratio D developments relative to strain γ, inferred 

by RCTs and CLTSTs (Castelli et al. 2018). 

 

Figure 2. Results of particle size analyses versus depth for each of 9 soil samples. 

 

Fig. 2 shows particle size analyses results for 

the 9 retrieved soil samples. Fig. 3 shows the 

geotechnical model of the soil, in terms of 

stratigraphy (a), unit weight (b) and shear wave 
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velocity (c) profile obtained by Down-Hole tests, 

for the Ritiro bridge site. Therefore, each layer of 

previous stratigraphy has OCR=1, a known value 

of effective friction angle φ and very low values 
of Plasticity index PI. 

 

 
Figure 3. Soil column stratigraphy (a) and its proper-

ties: unit weight [kN/m3] (b) and shear wave velocity 

[m/s] (c). 

 

The local seismic response (LSR) analysis has 

been performed by using Amoruso et al. (2002) 

seismograms obtained for the December 28, 1908 

Messina and Reggio Calabria earthquake 

scenario. Seismograms have been scaled to the 

0,332 g (Fig. 4), because of the localisation of the 

source model, extremely close to the Ritiro 

bridge, as shown on the following table (Tab. 1). 

 
 

 
Figure 4. 1908 scenario seismogram scaled to 0,332 

g. 
Table 1. Comparison between Ritiro bridge and 

Amoruso model positions 

REFERRING LATITUDE LONGITUDE 
Ritiro Bridge 38,22 15,52 

Amoruso 

Model 
37,94 15,58 

 

Nevertheless, Amoruso seismogram has a 

duration of 12,55 sec and a time step Δt = 0,005 

sec. 

Hence, Fig. 5 shows the comparison between the 

results of site response analysis for Ritiro bridge, 

executed with ONDA and DEEPSOIL computer 

codes. Peak shear strain (a), peak ground 

acceleration (PGA) (b) versus depth and the 

computed surface response spectra (c) are plotted 

(Cavallaro et al., 2018). 

 

 
 

 
Figure 5. Comparison between GQ/H and Ohsaki 

models results: peak shear strain versus depth (a), 

peak ground acceleration versus depth (b) and surface 

response spectra (c). 

 

The maximum shear strain values using GQ/H 

model are nearly linear between 50-80 m of 

depth; afterwards they increase reaching the peak 
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value equal to 0,4 % at about 18 m of depth and 

then they decrease linearly until the surface. 

Simultaneously, the corresponding shape of the 

maximum shear strain using modified Ohsaki 

model records significantly higher values than 

the previous one; it increases, recording two 

different peaks, placed between, respectively, 28-

30 m and 15-18 m. It should be emphasised that 

this last peak record has the same depth range of 

GQ/H model. PGA values have, instead, an 

antithetical behaviour: modified Ohsaki model is 

tending to have lower values of PGA than GQ/H 

one. Anyway, PGA values of modified Ohsaki 

model overcome the ones referred to GQ/H 

model between 15-18 m, which is, as already 

mentioned, the depth corresponding to one of two 

shear strain peak values. On the whole, it should 

be, also, noted that PGA and maximum shear 

strain shapes of GQ/H model are generally 

comparable. 

Fig. 5 (c) shows GQ/H and modified Ohsaki 

models response spectra (SR) at the ground 

surface. Both record two peaks at periods 0,4 and 

0,8 sec. As a matter of fact, GQ/H model 

response spectra at the ground surface shows a 

third peak value at period 1,3 sec. Finally, GQ/ H 

model registers greater SR values than those 

recorded by modified Ohsaki model, as expected 

because of the specific features of GQ/H model. 

Its capability to consider also large shear strains 

allows to register greater values of shear stiffness 

and consequently, to show as many values of 

response spectra. So, despite the modified Ohsaki 

model also modifies the reloading-unloading 

behaviour, it tends to underestimate or 

overestimate real soil behaviour. Reponse 

seismograms (Fig. 6), Fourier spectra and 

amplification ratios (Fig. 7) are also plotted. The 

comparison between output seismograms 

underlines, again, that the modified Ohsaki 

model, even though records a pattern like GQ/H 

one, underestimates real soil behaviour 

undergone to a seismic event. Fig. 7 (a) shows the 

Fourier spectrum patterns of modified Ohsaki 

and GQ/H models: the first one reaches its peak 

value at about 1,2 Hz, instead GQ/H model 

records its one at 0,8 Hz. On the whole, modified 

Ohsaki model registers greater values than GQ/H 

one. Amplification ratio (Fig. 7 (b)) reports an 

opposite behaviour, where GQ/H model has 

basically an upper pattern than the one proposed 

by modified Ohsaki one, which means that output 

amplification recorded by GQ/H is greater than 

its corresponding input one. 

 
Figure 6. Comparison between modified Ohsaki and 

GQ/H models' output seismograms. 

 

 

 
Figure 7. Comparison between modified Ohsaki and 

GQ/H models' results: Fourier spectra (a) and 

Amplification Ratios (b). 
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5 CONCLUSIONS 

An adequate soil modelling is essential to 

proceed with local seismic response analysis, so 

that is practically obvious that an increasingly 

number of soil models have been proposed in the 

last years. This strong variety could be rather 

confusing, consequently, the purpose of this 

paper has been to compare two recent different 

nonlinear 1-D models to understand their 

principal strong and weak points. It has been used 

modified Ohsaki and General 

Quadratic/Hyperbolic models, respectively, 

proposed in ONDA and DEEPSOIL computer 

codes to proceed with LSR analysis of Ritiro 

bridge, placed along A20 PA-ME highway. From 

a whole observation of their results, it is possible 

to observe that the modified Ohsaki model tends 

to assume a behaviour like the previous ones 

adopted by DEEPSOIL code, which are MKZ 

and Yee models. So, the key point of the 

difference between them stands on the capability 

of GQ/H model to consider the whole spectrum 

of shear strain values, including the greater ones. 

This important innovation, involves, chiefly, 

shear modulus G modelling, because damping 

ratio D modelling and, thus the reloading-

unloading behaviour variation (MRDF) have 

already been proposed in DEEPSOIL code 

regardless of GQ/H model. Besides, it must be 

reminded that ONDA has also proposed its own 

variation into this issue to express the same soil 

softening/hardening; it has proposed a modified 

Masing rule, where the Masing number n should 

have a value different to 2. Its variation, yet, 

depends on high values of OCR and PI, so that it 

can be expected that the full capability of ONDA 

computer code should be expressed working on 

cohesive soils, such as silt and clay. 
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