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Abstract

Geosynthetics are being used increasingly to improve soil properties and to obtain better performance
from soft or weak foundation sites. It is well-known that the overall stability is improved and that
the movement of the structures founded on the reinforced soil reduces because of the mobilization of
tensile forces in geosynthetics. This force is well quantified in the analysis of stability of structures
constructed with reinforced soil. However, studies on modelling aspects are not many. In this paper,
models are considered to quantify the effect of tensile force. Solutions for an embankment (strip)
type of load are presented.
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1. Introduction

One of the fundamental problems in the analysis of shallow foundations is the
estimation of settlements of the subgrade. So far a number of subgrade models
have been developed for obtaining better approximations to the rational behaviour
of foundations under static loads. A comprehensive review of all these subgrade
models was given by KERR [4].

Two models have been chosen to the problem under investigation. In both of
the cases geosynthetics are assumed smooth and hence under tension with certain
force per unit length. All of the model parameters have been defined in terms of
elastic parameters of the subgrade and the results are obtained in terms of non-
dimensional quantities.

2. Mechanical Models

The simplest but most widely known subgrade model is the WINKLER (1867) model
(Fig. 1). It assumes the subgrade as a series of linear, discrete, independent, closely
spaced springs. The relation between applied surface pressure (q) and vertical
surface deflection (w) can be expressed as

q = kw, (1)

where k = the modulus or coefficient of subgrade reaction.
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Fig. 1. Winkler model

FILONENKO–BORODICH (1940) considered a stretched elastic smooth mem-
brane over the Winkler springs. This membrane imparts interaction among the
springs. The resulting differential equation for this kind of model (Fig. 2) with
tensile force (T ) in the membrane is

q = kw − T∇2w, (2)

where ∇2 = Laplace operator of 2nd order.
HETENYI [1] proposed a model incorporating an elastic plate in the case

of three-dimensional problems or an elastic beam in the case of two-dimensional
problems to show the interaction between the independent, linear spring elements
(Fig. 2). The response equation for this model is given by

q = kw − D∇4w, (3)

where D
[= Eh3/12

(
1 − ν2

)]
is the flexural rigidity of the plate or beam and ∇4

is the biharmonic operator.

Fig. 2. Filonenko–Borodich model (T ); Hetenyi model (D); Pasternak model (G)

PASTERNAK (1954) suggested a layer of incompressible vertical elements
over Winkler springs (Fig. 2) and the elements deform in transverse shear only.
The response equation for this model with characteristic constant G of the shear
layer is

q = kw − G∇2w. (4)

KERR [4] modified the Pasternak’s model by incorporating another Winkler medium
over the shear layer (Fig. 3). RHINES [6] considered an elastic, perfectly plastic



MODELLING OF REINFORCED SOIL 171

constitutive law for the shear layer and solved the differential equation analytically.
The governing expression for this model with c and k as top and bottom spring
constants respectively and G as shear layer constant is

(
1 + k

c

)
q − G

c
∇2q = kw − G∇2w. (5)

Fig. 3. 3-Parameter subgrade model

Fig. 4. Model for geosynthetic reinforced soils

3. Analysis

Most of the mechanical models described above were derived initially for the
distributed load q, acting directly on the subgrade. The use of thin plate theory
(HETENYI, [1]) allows the combined effect of foundation element and subgrade.
Moreover, two-parameter models are analoguous to the isolated shallow footing
on soft subgrade (Figs. 4–5) where as three-parameter models are assumed to be
granular base underlain by soft subbase.
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An embankment (strip) type of loading is considered as follows:

q(x) = q0(x) for |x | ≤ bL (6)

q(x) = q0(x)

[
1 − (x − bL)

(L − bL)

]
for bL < |x | < L (7)

q(x) = 0 for |x | > L , (8)

where b = top/bottom width of embankment.

Fig. 5. Model for geosynthetic reinforced soils

The boundary and continuity conditions are

dw1

dx
= 0 at x = 0 (9)

dw1

dx
= dw2

dx
and w1 = w2 at x = bL (10)

dw2

dx
= dw3

dx
and w2 = w3 at x = L (11)

and
w3 = 0 at x → ∞

where w1, w2, w3 are the vertical deflection in the range |x | ≤ bL , bL < |x | < L ,
|x | > L respectively.

With the help of Eqs. (6) to (11) the expressions for vertical deflection from
equation (2) are

W1 =
[(

e−t − e−tb
)

cosh (t X) + (1 − b) t
]

(1 − b) t
for |X | ≤ b (12)

W2 =
[
e−t cosh (t X) − cosh (tb) e−t X + (1 − b) t

(
1 − (X−b)

1−b

)]
(1 − b) t

for b < |X | < 1

(13)

W3 = [cosh (t) − cosh (tb)] e−t X

(1 − b) t
for |X | > 1, (14)
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where W = w

w0
, w0 = q0

k
, X = x

L , t =
√

k

T
. Eq. (5) can be conveniently split

into the form (when T = G)

d2w2

dx2
− k + c

T
w2 = − c

T
w (15)

d2w2

dx2
− k

T
w2 = q

T
(16)

w = q

c
+ w2 (17)

So for embankment type of loading on a three-parameter foundation model, the
Eq. (16) is identical with Eq. (2) and total deflection at the surface can be obtained
by using Eqs. (12) to (14) in the Eq. (17).

4. Results

Results are obtained for embankment type of loading on both two- and three-
parameter subgrade model. The two-parameter is closer to the behaviour of a
geosynthetic one over a soft soil while the three-parameter model corresponds to
the geosynthetic one that is overlain by a fill and underlain by a soft soil. The models
account for the main characteristics of the constituents, the compressibility of soft
soil and fill materials, and the tensile resistance of the geosynthetic. In the simple
models discussed in this paper, the interaction between the various constituents is
not accounted for.

5. Conclusions

The response of an embankment type of loading on a geosynthetic-reinforced soil
is studied. A two-parameter model is proposed to represent a geosynthetic-soft soil
system while a three-parameter model corresponds to a fill-geosynthetic-soft soil
system. A parametric study might bring out the importance of membrane tension,
the thickness and stiffness of the fill, on the surface settlements. These models need
improvement by considering the effect of interaction between different constituents.
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