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Discussion of ‘Influence of diaphragm wall installation on the
numerical analysis of deep excavation’, by Burlon S., Mroueh H. &

I. Shahrour
In their paper, the Authors address the important issue of predicting the effects of the installation
procedure on the response of excavations supported by embedded retaining walls. Most past work
on installation effects, including full-scale monitoring of structures, centrifuge testing and numerical
modelling, has concentrated on the case of heavily overconsolidated deposits [1–8]. More recently,
the cases of installation of diaphragm walls in sand and soft clay, with initially low values of the
coefficient of earth pressure at rest, K0, have been examined numerically [9–12].

The core of the numerical work is devoted to an initial value of K0 = 1, comparing the results
obtained from ‘wished in place’ and ‘wall installation modelled’ analyses, both in plane strain (2D)
and three-dimensional (3D) conditions. Part of the work deals with the effects of the initial value of
K0 on the results.

This discussion addresses a number of issues that the writers find not very clear, as detailed in
the following.
1. PRESENCE OF WATER AND TYPE OF ANALYSIS

The Authors state that the problem under examination is based on a construction site of a diaphragm
wall realized in the north of France for a subway project in a homogeneous clay deposit of saturated
Flanders clay. The soil parameters given in Figure 3 of the paper are clearly effective stress
parameters (c’= 26 kPa, j’= 25�, c= 10�), with the only exception of g (= 18.9 kN/m3) that appears
to be a total (saturated) unit weight. No information is provided on the water table position or on the
type of analysis that was carried out (drained/undrained/consolidation analysis). Judging from the
results, and particularly from the contact stress distributions plotted in Figure 8 of the paper, it
appears that the Authors have worked in drained conditions using total stress, thus neglecting any
possible excess pore water pressures generated by panel installation (although this is clearly an
undrained process in saturated clay) or by the subsequent excavation stage. By contrast, Shafer &
Triantafyllidis [10] have clearly shown that significant excess pore water pressures are generated
around the trench during wall installation, so that the prediction of the state of stress induced by the
installation stage cannot be performed in drained conditions. Also during the excavation stage in a
saturated clay, it is likely that significant excess pore water pressures would arise, and therefore
excavation in front of the wall should be modelled either using a consolidation analyses, with
realistic construction times, or by carrying out the prediction of the excess pore pressure in
undrained conditions and then simulating the subsequent dissipation of excess pore water pressures.
2. CONSTITUTIVE MODELLING

The Authors use a linear-elastic perfectly plastic constitutive model for the soil (MC), with a non-
associated failure criterion, justifying this assumption with the lack of experimental data to calibrate
more advanced constitutive models. We agree with the fact that advanced constitutive models
should be used with caution in the engineering practice if there are not enough laboratory data both
to calibrate the model constants and to interpret the numerical results. However, we believe that the
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predictive capabilities of any constitutive model, with reference to a given class of soil engineering
problems, should be assessed in order to define a minimum level of complexity which guarantees a
sufficient level of accuracy of the prediction [13].

The importance of including soil non linearity to obtain realistic predictions of ground movements
around excavations has long been demonstrated [13–15]. While computed wall deflections appear to be
rather insensitive to the adopted constitutive model, provided that soil stiffness parameters are
appropriately adjusted, linear-elastic perfectly plastic models completely fail to predict the pattern
and magnitude of ground settlements behind the excavation, which are of major concern when
dealing with installation effects.

More specifically, a linear-elastic perfectly plastic model is not capable of capturing all the factors
that govern the behaviour of the soil in the construction process that the complex numerical analysis
proposed by the Authors is supposed to model. While the model may describe satisfactorily the 3D
effects associated with the earth pressure redistribution induced into the surrounding soil during wall
installation, it is surely incapable of describing at least two other relevant aspects of soil behaviour.
In particular, the model: (i) does not take into account the dependence of the soil response on the
recent stress history, which many authors have recognized as playing a crucial role on the behaviour
of the wall–soil system [10–12, 16, 17]; (ii) the constant elastic parameters required to define the
response of the model inside the elastic domain have to be calibrated with reference to a certain
level of mobilized shear strain which, for the problem at hand, differs substantially between the
installation stage and the main excavation stage.
3. NUMERICAL STRATEGIES

The Authors have assumed a perfect contact between the wall and the soil, thus implying that the
cohesion at the soil wall interface is equal to c’= 26 kPa. Such an assumption has significant
implications on the correctness of the results when dealing with excavation problems, especially if a
simple elastic perfectly plastic model is assumed for the soil. In fact, in this case, the stress release
imposed by the main excavation stage induces excessive ground heave around the excavation. As a
consequence, the assumption of perfect contact leads to unrealistic increments of the effective
vertical stress in the soil elements adjacent to the wall and, concurrently, to an over prediction of the
passive resistance in front of the wall. Moreover, with such a value of the cohesion, high tractions
must be expected at the soil–wall interface – and along a significant part of the wall starting from
the ground surface – as the retained soil moves towards the active limit states when the wall rotates.
As a result, an unrealistic contact stress distribution is expected both behind and in front of the wall,
which will affect eventually the behaviour of the wall during the main excavation stage, both in
terms of displacements and internal forces. As a matter of fact, the shape of the deflected wall
profiles plotted in Figures 16 and 17 reveals a change in curvature (and so a change in the sign of
bending moment distribution), which would be hardly expected for a cantilevered retaining wall,
and which is clearly due to the tractions acting on the upper part of the wall.
4. MINOR REMARKS

The procedure adopted for wall installation outlined in Figure 1 of the paper is not very clear, as it
seems that in steps 2 and 3, the Authors have not applied the hydrostatic bentonite nor the fluid
concrete pressure on the bottom of the trench. Moreover, the linear distribution of contact stress in
step 3 is not consistent with that given in step 2. In fact, the results of the analyses given in Figure 4
of the paper show clearly that the distribution of contact stress after concrete setting is still bi-linear,
i.e. the same as in step 2 of Figure 1.

Finally, the Authors have carried out a parametric study to assess the influence of the initial state of
stress on the response of the wall by taking three different values of the coefficient of earth pressures at
rest, and specifically 0.5, 1 and 1.5. It is worthy to outline that K0 depends on the stress history of the
soil deposit, and thus on the overconsolidation ratio. Accordingly, to explore the effects of different
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values of K0, the mechanical properties of the soil mass have to be modified in a consistent manner, but
this aspect has not received adequate attention in the paper.
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