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Rezumat

Solicitarea seismica are, in realitate, un caracter ciclic neregulat. Aceasta se poate
echivala cu un numar determinat de solicitari ciclice uniforme, echivalente din punct de
vedere al efectului. Modelarea comportamentului solului la solicitari ciclice se realizeaza de
obicei prin stabilirea unei relatii pentru incarcarea primara, de tipult = f (y) si trasand apoi
"curba efort-deformatie™, in care t este efortul si y este deformatia de forfecare. Pentru
modelarea comportarii neliniare al terenului, se folosesc modele neliniare. Cele mai
cunoscute sunt modelul hiperbolic si modelul Ramberg-Osgood.

Cuvinte cheie: infrastructura, rigiditate, amortizare, deformatie, model hiperbolic,
model Ramberg-Osgood

Abstract

Actually, the seismic movement has an irregular cyclic character.This can be equivalent
to a determined number of uniform cyclical stresses equivalent in terms of effect.
Modeling the behavior of the soil to cyclical stress, is usually done, by establishing a
relationship for primary loading like t = f (y) and after drawing the diagram "effortless strain
curve”, in which t is the stress, and vy is shear deformation. For modeling nonlinear behavior
of the soil, we used like nonlinear models. The best known are the hyperbolic model and the
Ramberg-Osgood model.

Keywords: infrastructure, stiffness, damping, strain, hyperbolic model, Ramberg-
Osgood model

1. GENERAL CONSIDERATIONS

Dynamic requests that act on an infrastructure are in the form of a vibrational
movement. The answer depends on your request infrastructure directly as signal
propagation mode, magnitude and distance to propagation. The propagation of
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the movement is a problem extensively studied over time. Stiffness parameters
are defined and amortization of soil use in infrastructure design. The soil is
considerate like a extensible halfspace, homogene, isotropically and infinite. For
modeling nonlinear behavior of the soil [5], we used nonlinear models, like :

- the hyperbolic model

- the Ramberg-Osgood model.

2. MATHEMATICAL MODELS OF COMPUTATION FOR
NONLINEAR BEHAVIOR OF SOIL

Actually, the seismic movement has an irregular cyclic character, can be
equivalent to a determined number of uniform cyclical stresses equivalent in
terms of effect.

Modeling the behavior of the soil to cyclical stress, is usually done, by
establishing a relationship for primary loading like t = f (y) and after drawing
the diagram "effortless strain curve"”, in which t is the stress, and y is shear
deformation.

For modeling nonlinear behavior of the soil [5], we used nonlinear models
like:

- The Hyperbolic Model

- The Ramberg-Osgood Model.

2.1. The Hyperbolic Model

Stress-strain relationship that defines "curve model™ of this model is
the hyperbolic equation proposed by Kondner and Zelenko in 1963,[5].:

G,

G
1+ —2
Tf
1)
where:
- G, is the initial shear modulus (maximum deformation module);

- 15 IS the shear resistance of the soil .
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For the domain of very small deformations, the primary transverse
deformation module (or shear modulus) (G,) , can be considered to be equal to
elastic shear modulus.

In 1972, Hardin and Drnevich [4], defined the reference deformation yy.

yr - GO
2

Introducing the relationship that expresses the reference deformation into the
hyperbolic equation, the expression of the shearing shear modulus is obtained at a certain
point A( va,Ta) :

S _ a
S, 1 4 Xa
> r
(3)
In terms of damping ratio (D) is reached next relationship:
e T P P |
T Ya Va 7 z
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(4)
The damping ratio (D) can also be expressed by:
S
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In the hyperbolic model, there are only two independent parameters, the
initial shear modulus (Go) and the shear resistance (ts); This has in some cases
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difficulty in that it is difficult to express both dependent strain shear modulus,
damping ratio as well as only these two parameters.

The main inconvenience is that once the reference deformation (strain) has
been determined, (yr), the relation that binds to a shear modulus value damping

ratio, which also depends on the deformation (strain), flow automatically and
there is no adjustment possible parameters to get a good agreement with
experimental data on damping.

To overcome this difficulty, in 1972, Hardin and Drnevich [4] proposed the
using of the next relationship:

(6)

where (Do) represents the damping ratio at high deformations when the shear
modulus (G) becomes very small relative to the initial value.

They propose to enter a new parameter (Do), which allows better match
of the model with experimental data.

The most convenient is to determine model parameters based on physical
constants of some significance as may be determined by testing.

In this regard, the initial shear modulus at very low deformations (Go) and
shear strength (tf) are the most consistent constants to be included as model
parameters [3].

The amount of shear strength at break, is generally determined in the
laboratory by direct shear testing or triaxial test.

It is preferable that the resistance parameters to be determined in cyclical
conditions.

In some cases, Hardin and Drnevich suggested the use of the Mohr-
Coulomb failure criterion to determine shear resistance. [4,6]

The value of the initial shear modulus in the very low deformation range
is determined by laboratory tests with the resonance column or in situ, by wave
propagation tests.

2.2. The Ramberg-Osgood Model

Stress-strain relationship that defines " model curve " of this model is:
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r—21

T
= 1+«

(7)
Where:

- (7y) and (7y) are the deformation and the shearing effort;
- acand r are constants which can adjust the shape and position of the curve.

Values (y) and (7y) must be chosen so as to have a physical significance.

In 1975, Richart proposed that the parameters () and (7y) to be defined by
the following relationships:

T, = C.z.

Yy :C12-f/Go =Cy,
_ _ (8)
where C1 is a constant less than unity.
In this case, (T,) represents a fraction of the shear resistance, and the shear

deformation (7y) is the same fraction of the reference deformation (7).

Considering the relations proposed by Richard [7] for (Ty) and (), we

obtain equation "effort-deformation curve " like as:

Gyy

T= r-1

l+x

Cry

(9)
In 1980, Hara [5] proposed to use the shear strength for (7,) and the

reference strain for (7,),

T, =7

7y:7r:Tf/Go
(10)
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Then, the equation of "effort - deformation curve " will have the next form:

(11)

It should be noted that the relation stress-strain as proposed by Hara (eq. 11)
is substantially the same as the one proposed by Richart (eq.9), because the
inclusion of the parameter C1, does not cause any structural change in relation to
the stress-strain represented by Ramberg-Osgood.

From the above relation (Hara), we obtain the expression of G module:

[5, 6]

6___ 1
G - r-1
’ 1+0{—Gya
Goﬂ/r
(12)
To calculate the damping ratio, it reaches the next relationship:
Dzz(r_—l]_[l_gj
z\r+1 G,
(13)

In contrast to the hyperbolic model which contains only two independent
parameters, the Ramberg-Osgood model contains four parameters for the
expression of stress-strain relationship and therefore have greater opportunities
for riding with experimental data.

In the case of the Ramberg-Osgood model, the initial shear modulus (Go)

and shear strength (75) can be determined by the same method as in the case of
the hyperbolic model. Once apprised of the values of these two constants of the
earth, the reference deflection (/) can be determined using its definition above.
The other two remaining parameters, o and r may be determined as follows:

e The ”a” parameter

In 1980, Hara used the deformation at break () to determine the a
parameter [5].
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In Hara "model curve " equation are inserted: 7=7¢, for 7=7¢ and is
obtained the next relationship
G

oa=—"2-1
G

(14)
Because

(15)

The advantage of this way of a parameter determination consists in that
the properties may be represented with accuracy in particular, in the field of
large deformations, and can be avoided in this way disadvantage Ramberg-
Osgood model to lead to unrealistic large efforts in the field of large
deformations [6].

e The ”r” parameter

It is preferable to determine the parameter r”, from the knowledge of the
damping characteristics of the soil. Because in the Ramberg-Osgood model, the
damping ratio is related to the ratio of the modules (G / Go), the value of r” can
be determined if, for a given load level, are known values (D) and (G / Go).
When it is known damping ratio at break (Ds), the value of r” results from the
relationship:

1+ 1 L

2, G¢

r= Go
e 1

2 G,

1—-—©

G,

(16)
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3. CONCLUSIONS

In seismic analysis of soil-structure interaction, the modeling of soil
foundation with consideration of nonlinear and hysteretic nature, it is an issue
of great importance. For modeling nonlinear behavior of the soil, we used like
nonlinear models. The best known are the hyperbolic model and the Ramberg-
Osgood model.

In the hyperbolic model, there are only two independent parameters, the
initial shear modulus (Go) and the shear resistance (t¢); This has in some cases
difficulty in that it is difficult to express both dependent strain shear modulus,
damping ratio as well as only these two parameters.

The Ramberg-Osgood model contains four parameters for the expression
of stress-strain relationship and therefore have greater opportunities for riding
with experimental data.

In the case of the Ramberg-Osgood model, the initial shear modulus (Go)
and shear strength (7) can be determined by the same method as in the case of

the hyperbolic model.
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