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Summary
Cantilever wall design is conventionally carried out by considering a rigid plastic behavior of the soil that, on one side, simplifies
the analysis however, on the other side, does not give the correct state of horizontal stress acting on the wall that is depending on
wall movements. Furthermore no information are achieved about wall movements. Numerical procedures such as Finite Element
Method allow to deduce a more realistic state of stress and deformation of the soil-wall system, anyway their use is justified only if a
number of data on soil parameters and on groundwater conditions are available. In this paper a method for the analysis of a cantilever diaphragm wall is described. The proposed approach is based on the load transfer function concept. Elastic-perfectly plastic p-y
curves are considered in the analysis and this allows to evaluate displacement-dependent horizontal normal stress acting on the wall
as well as wall displacements. A closed form solution is presented and some parametric results are given in a non-dimensional form.
Finally a comparison between the proposed method and a numerical analysis shows a good agreement.

1. Introduction
Cantilever diaphragm walls are commonly used
as earth-retaining structures with applications in civil
engineering problems such as waterfront structures,
canal locks, braced excavation, abutments, etc.
Cantilever (or unpropped) diaphragm walls are
generally used as temporary supports or when the
expected soil movements in the proximity of excavation do not affect behavior and serviceability of
neighbor structures. In general, the maximum excavation for a cantilever wall can reach up to 6 m. Higher excavations generally require more expensive wall
systems such as propped or tieback diaphragm walls.
As an advantage, cantilever walls allow a simpler construction staging because they do not require installation of tiebacks below adjacent properties. On the
contrary, maximum excavation for cantilever walls is
rather limited and they are not indicated in presence
of adjacent buildings, being soil movements due to
excavation, usually larger.
The failure mechanism of a cantilever wall is a
rotation about the point O located at a certain depth
D’ below excavation level (Fig. 1), near the base and
its stability completely depends on the passive resistance mobilized in front of the wall above point O
and, on the back, below the same point.
Usually two methods in limit equilibrium analysis are utilized for cantilever diaphragm wall design
[CIRIA, 1995]. The free earth method for cantile-
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ver walls (or simplified method) is the simplest approach. The design scheme is shown in figure 2. Active earth pressure is assumed on the retained side
and passive earth pressure is typically assumed on the
excavation side. The net soil resistance below point
of rotation O, placed at the depth D’ below excavation, is represented by force S. It is required that the
resisting moment about point O balances the overturning moment at the same point. Assuming a rigid-plastic behavior for the soil, the method leads to a
third-degree equation which gives the depth D’ of rotation point O. It is recommended that the obtained
embedment D’ is at least multiplied by approximately 1.2 to obtain the total length D of embedment.
The fixed earth method (Fig. 3) is a more rigorous
approach as it balances both overturning moment
and shear. This is done by assuming active earth

Fig. 1 – Scheme of a cantilever diaphragm wall.
Fig 1 – Schema di una paratia a mensola.
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Fig. 2 – Scheme for the design of a cantilever diaphragm
wall with the free earth method.
Fig. 2 – Schema per il progetto di una paratia a mensola con il
metodo del supporto libero.

pressures on the excavation side and passive earth
pressures on the retained side below the center of
rotation of the diaphragm wall. The method works
by finding the critical pivot point about which rotational moments and horizontal forces balance. If a
rigid-plastic behavior is assumed for the soil, equilibrium conditions lead to a fourth degree equation
which gives the values of both D’ and D.
The above mentioned methods present some
limitations. For example it is known that the mobilization of active or passive earth pressure depends
on the amount and on the type of wall movements
(translation, rotation about top or bottom, etc.). Results obtained by many researchers [NARAIN et al.,
1969; FANG and ISHIBASHI, 1986; FANG et al., 1994;
ZHANG et al., 1998; CHOUDHURY and SUBBA RAO, 2002;
SUBBA RAO et al., 2004] show that a relatively small
amount of wall movement is sufficient for full mobilization of active earth pressure, unlike the passive
case. Wall movements of the order of 0.1% to 0.4%
of the height of the wall are necessary for full mobilization of earth pressures for the active case and 5%
to 20% of the height of the wall for the passive case.
In actual case, only partial passive earth pressure mobilizes instead of full passive pressure, thus consideration of the full passive pressure may lead to an erroneous design. A correct way to analyze the wall behaviour is considering that full active earth pressure
is mobilized while passive pressure must be assumed
depending on the amount of wall movement.
Many authors paid attention to cantilever sheet
pile wall design. SKRABL [2006] proposed an approach based on limit equilibrium method, with
some additional conditions when referring to distribution of the mobilized earth pressure on the structure. A similar method was also presented by CHOWDURY [2011], taking the wall movement into account
on the mobilized passive earth pressure.

Fig. 3 – Scheme for the design of a cantilever diaphragm
wall with the fixed earth method.
Fig. 3 – Schema per il progetto di una paratia a mensola con il
metodo del supporto fisso.

Limit equilibrium methods do not give any information about displacement of the diaphragm wall,
since based on a rigid-plastic behavior of the soil.
Indeed in many circumstances, wall displacements
could be the limiting condition in adopting a cantilever diaphragm wall, thus soil and structure deformability must be taken into account to carry out a
more appropriate design. Better knowledge of soilwall system in cantilever diaphragm wall design can
be achieved by numerical procedures such as F.E.M.
[POTTS and FOURIE, 1984; DI SOTTO and MILIZIANO,
2014] which however could be useless and superfluous if only few information are available about soil
properties, boundary and groundwater conditions.
BECCI and NOVA [1988] suggested a simpler numerical method to analyze both cantilever and anchored
sheet pile walls, based on Winkler approach, but the
method requires a proper software to this aim.
An alternative approach is proposed in this paper and a closed form solution is presented and
based on load transfer curves concept. The method
allows evaluating net load acting on the wall as well
as wall displacements due to excavation, once soil
strength and deformability of load transfer curves
are defined and the wall embedment depth D is assigned by designer. In this sense the method has to
be used as a verification method to compare horizontal normal stress and displacements of soil-wall
system under working load with the allowable ones.

2. Proposed method
The cantilever diaphragm wall is considered as a
rigid body, therefore no elastic deflection will be taken into account in the analysis. A similar approach
was previously proposed by CASTELLI and MOTTA
[2003] for the analysis of piles under vertical loads
and by MOTTA [2013] for the analysis of rigid piles in
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elastic-plastic medium undergoing horizontal loads.
Here the method is applied to rigid cantilever diaphragm walls. Lateral displacements will be derived
by taking account of rotation of the rigid structure
due to soil excavation. We will consider two groundwater conditions (see Fig. 4), that is, dry soil (Fig.
4a) and water table located at the excavation level
(Fig. 4b).
If an elastic-perfectly plastic behaviour for the
load transfer curves is assumed (Fig. 5), the horizontal load on the wall for the active state can be described as:

pa ( y ) = p0 − Esa ⋅ y

0 < y < ya

(1)

pa ( y ) = pa lim

y > ya

(2)

being p0 the initial load for no displacements, Esa the
stiffness of the active soil-structure interaction, pa lim
the active limit load and y the horizontal wall displacement.
At the same way, for the passive load:

p p ( y ) = p0 + Esp ⋅ y

for 0 < y < yp

(3)

p p ( y ) = p p lim

for y > yp

(4)

Fig. 5 – Elastic-perfectly plastic constitutive law assumed in
the analysis for the active and passive loads.
Fig. 5 – Legame costitutivo elastico-perfettamente plastico per il
carico attivo e passivo sulla paratia.

being Esp the stiffness of the passive soil-structure interaction and pp lim the passive limit load.
The net load p(y), i.e. the difference between the
downstream load and the upstream load is then given by (see Fig. 6):

p ( y ) = ( Esp + Esa ) ⋅ y for 0 < y < ya

(5)

p ( y ) = Esa ya + Esp ⋅ ( y − ya ) for ya < y < yp

(6)

We will assume (Fig. 7):

p ( y ) = Es ⋅ y

0 < y < yp

(7)

p ( y ) = Pp lim − Pa lim

y > yp

(8)

where Es is the equivalent secant stiffness, relating
the net load acting on the wall to the horizontal wall
displacement y:

Es =

Fig. 4 – Groundwater conditions considered in the analysis;
a) dry soil; b) water table at the excavation level.
Fig. 4 – Condizioni idrauliche considerate nell’analisi; a) terreno
asciutto; b) falda a quota fondo scavo.
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p p lim − pa lim
yp

(9)

In this study Es is assumed constant along the
wall embedment length.
Soil-wall interaction is illustrated in figure 8. The
total length of the wall is H + D. Due to rotation of the
wall about point O, horizontal wall displacements will
vary linearly along the depth. We can reasonably suppose that the limit active earth pressure is fully mobilized in the upper part of the wall. Furthermore,
above the depth zp, the horizontal displacement is
large enough to fully mobilize the passive pressure
and then the net limit load. Below the depth zp, the
soil-wall interaction of p-y curves will be in the elastic
state, being the horizontal displacement y < yp . From
zp to the base, net load will vary linearly, according
to the elastic-perfectly plastic behaviour of p-y curves.
Equations which follow are presented according
to groundwater conditions in figure 4b.
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Fig. 6 – Elastic-plastic constitutive law for the net load acting on the diaphragm wall.
Fig. 6 – Legame elastico-perfettamente plastico per il carico netto
agente sulla paratia.

Fig. 8 – Net load distribution along a cantilever diaphragm
wall, according to proposed method.
Fig. 8 – Distribuzione del carico netto agente sulla paratia in
base alle ipotesi assunte nel modello proposto.

Ka, Kp = active and passive earth pressure coefficients respectively.
For a homogeneous dry cohesionless soil (Fig.
4a), γ’2 = γ’1 = γ, thus:

β=
Fig. 7 – Simplified elastic-plastic constitutive law assumed
in the analysis for the net load.
Fig. 7 – Legame elastico-perfettamente plastico semplificato
assunto nell’analisi.

The length a below the excavation where the net
load becomes zero is given by:
a = β·H

(10)

where:
H = height of the wall above the excavation

β=

Ka
Kp – Ka

(11)

and:
1 = unit soil weight of the upstream soil above
water table
 = γ’2 · Kp – γ’1 · Ka
soil

γ’1 = submerged unit soil weight of the upstream

γ’2 = submerged unit soil weight of the downstream soil

Ka
Kp – Ka

(11’)

In the proposed method downstream and upstream soil unit weights have been differentiated to
allow a geotechnical design according to European and Italian codes where soil weight is taken differently if considered favorable, at the downstream
side, or unfavorable, at the upstream side.
Earth pressure coefficients Ka and Kp in equation (11) and (11’) should be selected properly.
Generally, since no wall can be constructed as perfectly smooth, the use of Rankine’s earth pressure
for the conventional analysis considering the wall
friction angle δ = 0, leads to an erroneous value of
earth pressures. If we suppose δ ≠ 0, then Ka and
Kp should be determined with other theories. If δ
is small, Coulomb earth pressure coefficients could
be adopted for both active and passive pressure
without significant error; if δ is great and approaching to the friction angle φ’, passive earth pressure
coefficient should be determined with more rigorous theories, [LANCELLOTTA, 2002; LANCELLOTTA,
2007], otherwise Kp could be seriously overestimated. Furthermore if wall friction angles a and p are
used for the active and passive earth pressure respectively, only the contribution in the horizontal
direction given by Ka and Kp must be considered
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in equations (10), (11) or (11’). Finally it is pointed out that earth pressure coefficients usually are
determined in plane strain conditions, however it
has been shown that the width of the wall may play
a significant role on the value of Ka and Kp. Indications on how the earth pressure coefficients may
change, taking the wall width into account, can be
found elsewhere [MOTTA, 2012; MOTTA and RACITI,
2014]. Usually a plane strain analysis yields to conservative values so it is on the safe side. Indeed Ka in
plane strain conditions is somewhat greater than Ka
deduced by a “three-dimensional” analysis. At the
same time Kp from plane strain analysis is somewhat
less than the “three-dimensional” one.
By simply imposing equilibrium conditions, the
length x in figure 8 can be determined:
x=

4 H 0 ⋅ ( D − a) + 6M 0

θ ⋅ ( D − a)2 − 2 H 0

(12)

being:

H0 =

γ 1 ⋅ K a ⋅ H 2 ⋅ (1 + β )
2

M0 =

H 0 ⋅ H ⋅ (1 + 2 β )
3

4 H 0 ⋅ ( D − a) + 6M 0
θ ⋅ ( D − a) 2 − 2 H 0

yp =

(14)

(15)

p (zp )
Es

= b ⋅ tan(ω )

(21)

Being ω the rotation of the diaphragm wall
about the pivot point O.
Thus:

tan(ω ) =

(13)

Then the extension of the “plastic“ zone zp below
the excavation, where both active and passive load
are fully mobilized is given by:

zp = β ⋅ H +

at the toe (19) is equal to the net limit load at the
same point (20).
For a dry soil, as indicated in figure 4a, we simply set γ’1 = γ1 and γ’2 = γ2 in all the above-mentioned
equations.
Equations from (10) to (19) are not dependent on Es being deduced only by equilibrium conditions. Indeed in the proposed method Es is used
only to evaluate the lateral displacement of the
structure, according to the following considerations.
At the depth zp, that is at the transition from the
plastic to the elastic behavior of the net load p(y), we
get (Fig. 8):

p( z p )
b ⋅ Es

(22)

Then the maximum displacement yh at the top
of the wall is:

yh = tan(ω ) ⋅ ( H + b + z p ) =

p( z p )
b ⋅ Es

(H + b + z p )

(23)

and substituting the value of p(zp),
yh =

θ ⋅ z p − Ka ⋅ γ1 ⋅ H
⋅ (H + b + z p )
b ⋅ Es

(24)

and, in non-dimensional form:
furthermore:

b=

θ ⋅ x ⋅ ( D − a − x) 2

θ ⋅ x ⋅ [2( D − a ) − x ] − 2 H 0

(16)

and depth D’ of pivot point O below the excavation
is:

D' = z p + b

(17)

Finally the length of wall below the pivot point O
is:

c = D − zp − b

(18)

The net load at the toe of the diaphragm wall,
that is at depth D below the excavation, is:

pD =

θ ⋅ x ⋅ ( D − a − x − b)
b

(19)

while the limit load at the toe is:
pD lim = γ 1 ⋅K p⋅H + γ '1⋅K p⋅D − γ '2 ⋅K a ⋅ D

(20)

We will conventionally assume that the ultimate
condition for the wall is reached when the net load
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y *h =

y h ⋅ Es
θ ⋅D

(25)

3. Results
As an example, we firstly consider the cantilever
diaphragm walls shown in figure 9. The height of soil
to be retained is H = 4 m for both walls in figure 9,
however the depth of embedment is different, being
D = 6 m in figure 9a and D = 4.5 m in figure 9b. Assuming a friction angle φ’ = 30°, a unit soil weight γ
= 20 kN/m3 for both downstream and upstream soil
and a dry cohesionless soil (γ’ = γ), the following results are obtained.
For the case D = 6 m: depth of plastic zone zp =
1.78 m; depth of centre of rotation D’ = 4.01 m (D’/D
= 0.67); net load at the toe pD = 61 kN/m; limit load
at the toe: 560 kN/m; pD / pDlim = 0.109, so we are far
from limit state (pD / pDlim = 1).
If the depth of embedment is shortened to D =
4.5 m (Fig. 9b), the passive earth pressure increases
and spreads along the embedment depth, so we get:
depth of plastic zone zp = 2.63 m; depth of centre of
rotation D’ = 3.36 m (D’/D = 0.84); net load at the toe
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Fig. 9 – Net load distribution along the diaphragm wall for the example in the text.
Fig. 9 – Carico netto lungo la paratia per i due casi dell’esempio riportato nel testo.

pD = 178 kN/m; limit load at the toe: 480 kN/m; pD
/ pDlim = 0.371.
Limit condition (pD / pDlim =1) is obtained if D =
4.017 m. Applying the free earth method, we get D’
= 3.70 m and D = 4.44 m. Thus, in this example, conventional analysis is more conservative.
Finally, to determine wall displacements, the
slope of the elastic-plastic constitutive law must be
known. Assuming a stiffness Es = 10.000 kN/m2, equation (24) has been used to compute the displacement yH at the top of the wall for the example in figure 9 and for various embedment depths D. Results
are plotted in figure 10.

[2005] with a method based on the minimization of
the moment ratio.
The non-dimensional extension zp / D of the
plastic zone below excavation level is shown in figure 12. Plots in figure 12a refer to dry soil; plots
in figure 12b refer to a water table as in figure 4b.
The extension of the plastic zone increases with increasing the ratio H/D, reaching a value of approximately zp /D = 0.80 when the limit condition is
achieved.
Figure 13 shows the ratio pD / pD lim for both
groundwater conditions shown in figure 4. Figure

4. Parametric analysis
To investigate on the most significant parameters involved in cantilever diaphragm wall design, a
parametric analysis has been carried out. For a better generalization, results are given in non-dimensional form. It is supposed that the soil is homogeneous, thus γ1 = γ2 = γ.
Figure 11 shows the non-dimensional depth of
rotation point D’/D versus the ratio H/D, for friction
angles ranging from 20° to 40°. Figure 11a refers to
a dry cohesionless soil while figure 11b is referred to
a water table at the excavation level (we assumed γ’/γ
= 0.5). It is shown that the centre of rotation ranges
from 0.67 D to 0.84 D for the dry case and similarly for the case with a water table at excavation level
the value ranges from about 0.67 to 0.87 D, that is,
D’ is not very sensitive to groundwater conditions as
those assumed in this analysis. For both cases D’/D
increase with increasing the ratio H/D, thus, in a rigid diaphragm wall, for a given depth of embedment
D, the greater H, the greater D’ is. Similar results
have been found by MADABUSHY and CHANDRASEKARAN

Fig. 10 – Top wall horizontal displacement for the example
in the text, versus depth embedment.
Fig. 10 – Spostamento orizzontale della testa della paratia per
l’esempio nel testo in funzione della profondità di infissione della
paratia.
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Fig. 11 – Non-dimensional depth of center of rotation as
a function of H/D for different friction angles. a) dry soil;
b) ground water conditions as in figure 4b.
Fig. 11 – Profondità adimensionale del centro di rotazione per
differenti angoli di attrito; a) terreno asciutto; b) falda come in
figura 4b.

Fig. 12 – Non-dimensional extension of the plastic zone
versus H/D ratio. a) dry soil; b) Groundwater conditions
as in figure 4b.
Fig. 12 – Estensione adimensionale della zona plastica in
funzione del rapporto H/D ; a) terreno asciutto; b) falda come in
figura 4b.

13a refers to a dry soil while plots in figure 13b are
computed for a water level as in figure 4b. A quick
assessment of limit wall height for a selected depth
of embedment D is given in figure 14 where the
ratio Hlim / D is plotted versus soil friction angle,
for both groundwater conditions of figure 4. Finally in figure 15 the non-dimensional head displacement y*h (24) is plotted versus H/D. Curves in figure 15 are very similar to those deduced by SKRABL
[2006] with a FEM analysis, even if the definition
of the non-dimensional displacement given by the
author is slightly different from that proposed in
this paper.
In many circumstances, seismic conditions
must be considered in design and certainly FEM

analysis is the most appropriate procedure to investigate the seismic behaviour of an embedded
sheet pile wall, being the dynamic soil-wall interaction quite complex [FINN et al., 1992; CALLISTO and
SOCCODATO, 2010]. For practical purpose a pseudo-static analysis is usually used thus indications
on seismic behaviour of the wall can be obtained if
we consider seismic active and passive earth pressure coefficients. For simplicity in this analysis,
Mononobe Okabe Kae and Kapila Kpe earth pressure solutions have been utilized, assuming δa =
δp = 0 for both active and passive case. Kapila solution is accettable if δp = 0, however it may lead to
unsafe values when considering δp ≠ 0 . The ratio
pD / pD lim versus H/D is plotted in figure 16 for the

LUGLIO - SETTEMBRE 2016

31

32

MOTTA

Fig. 13 – Non-dimensional ratio pD /pDlim versus H/D for different friction angles. a) dry soil; b) Groundwater conditions as
in figure 4b.
Fig. 13 – Rapporto adimensionale pD /pDlim per differenti angoli di attrito; a) terreno asciutto; b) falda come in figura 4b.

dry soil case, with Kae and Kpe computed by assuming a horizontal seismic coefficient Kh = 0.10 and a
vertical seismic coefficient Kv = 0. Plots are similar
to those in figure13a, however, as expected, under
seismic loading, limit state is attained for lower values of H/D ratio. For example, for a friction angle
φ’ = 30°, from figure 16 we get that the limit condition is achieved for H/D about 0.70, while under
static loading the limiting value of H/D is about 1
(Fig. 13a), that is, under seismic loading, a depth
of embedment about 30% longer is needed. Finally, in order to show the validity of the proposed

solution, a comparison between a numerical analysis and the presented solution is given. In the numerical analysis the structure has been divided in
36 beam finite elements while the soil-structure
interaction has been simulated by elastic-perfectly
plastic Winkler springs. Figure 17 shows results in
terms of the net load on the wall deduced by the
numerical analysis and by the proposed analytical
solution for a diaphragm wall having H = 4 m, D
= 5 m, γ1 = γ2 = γ = 20 kN/m3 and φ’ = 30°. A very
good agreement is found. This is not surprising,
since the constitutive laws assumed in both analyses are the same.

5. Conclusions

Fig. 14 – Non-dimensional ratio Hlim/D versus friction angle of the soil.
Fig. 14 – Rapporto adimensionale Hlim/D in funzione
dell’angolo di attrito del terreno.

An alternative method for the analysis of cantilever diaphragm walls has been proposed. Instead
of a rigid-plastic behavior of the soil, a load-transfer function based approach has been adopted,
making use of elastic-perfectly plastic p-y curves.
Using such a constitutive law, avoids of considering fully mobilization of passive earth pressure, so
the working load acting along the diaphragm wall
is evaluated in a more realistic way, depending on
the amount of wall movement. The method considers the wall as a rigid body and it is based on
satisfying the horizontal and moment equilibrium
equations while vertical equilibrium is assumed as
implicitly verified. Solution gives indications about
the extensions of the “plastic” and “elastic” zones
thus allowing to evaluate if the adopted design is
acceptable. An assessment of horizontal wall displacements can be deduced if the stiffness of the
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Fig. 15 – Non-dimensional top displacement versus H/D for different friction angles. a) dry soil; b) groundwater conditions
as in figure 4 b.
Fig. 15 – Spostamento adimensionale alla testa della paratia in funzione del rapporto H/D per differenti angoli di attrito; a) terreno
asciutto; b) falda come in figura 4b.

Fig. 16 – Non-dimensional ratio pD /pDlim versus H/D for
seismic coefficients Kh = 0.10, Kv = 0. Dry soil.
Fig. 16 – Rapporto adimensionale pD /pDlim in funzione del
rapporto H/D e per coefficienti sismici Kh = 0.10 e Kv = 0.
Ipotesi di terreno asciutto.

p-y curves is assigned. For a greater generality, results are presented in a non-dimensional form. Finally it must be pointed out that the success of a
geotechnical design can be achieved only when accurate data are available and if geotechnical parameters are selected properly. Indeed uncertainties in soil parameters may cause design errors
greater than those caused by the method of analysis adopted.
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Fig. 17 – Comparison between net loads deduced from numerical analysis and from proposed method.
Fig. 17 – Confronto tra i carichi netti dedotti dall’analisi
numerica e dal metodo proposto.
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Un metodo basato su funzioni elastoplastiche di trasferimento del carico per
un progetto di paratie a mensola
Sommario
Il progetto delle paratie a mensola, viene abitualmente
condotto attraverso il metodo dell’equilibrio limite, assumendo un
comportamento rigido-plastico del terreno e quindi prescindendo
dagli aspetti deformativi del sistema paratia-terreno. Ciò da un lato
semplifica notevolmente il problema, dall’altro non fornisce l’effettivo
stato tensionale delle pressioni orizzontali agenti lungo la struttura,
che notoriamente dipendono dall’entità degli spostamenti laterali
della stessa struttura. Il metodo dell’equilibrio limite, in quanto
associato ad un comportamento rigido-plastico del terreno non
fornisce alcuna indicazione sull’entità dei movimenti laterali della
paratia. I metodi numerici, come ad esempio il metodo degli Elementi
Finiti, sono sicuramente assai più versatili e completi, fornendo
un quadro assai più esaustivo degli aspetti tenso-deformativi del
problema ma, considerati i tempi di calcolo, il loro uso è giustificato
solo quando si hanno informazioni adeguate sulle caratteristiche
meccaniche del terreno e sulle condizioni idrauliche e al contorno.
Nel presente lavoro, viene illustrato un metodo alternativo
ai metodi dell’equilibrio limite, basato sul concetto di curve di
trasferimento del carico, assunte, per semplicità di analisi, a
comportamento elastico-perfettamente plastico. Viene proposta
una soluzione in forma chiusa che tiene conto dell’entità dello
spostamento della paratia e che quindi assegna un livello tensionale
sulla struttura maggiormente realistico, particolarmente per quanto
riguarda il valore delle tensioni normali in stato passivo che, come
è noto, dipendono significativamente dall’entità dello spostamento
dell’opera. Viene svolta un’analisi parametrica sviluppata in
termini adimensionali al fine di rendere i risultati di maggiore
generalità. Infine è stato fatto un confronto tra il metodo proposto
ed un’analisi numerica basata su elementi finiti di trave su suolo
elastico alla Winkler con legami elastico-perfettamente plastici. I
risultati delle due analisi, in termini di carico netto sulla struttura,
sono stati trovati in ottimo accordo.
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