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New developments of the MOMIS database applied to the performance

of numerical modelling of underground excavations
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Laboratoire Central des Ponts et Chaussées, Paris, France

Y. Riou
Ecole Centrale de Nantes, Nantes, France

ABSTRACT: This paper presents new statistical applications of the MOMIS database in the field of com-
parisons between results of numerical simulations and measurements of displacements of retaining structures
(sheet-piles, diaphragm walls), bending moments in the walls and forces in the struts. Some recommendations
can be made to check the validity of numerical results in everyday use of finite element method or finite difference
method.

1 INTRODUCTION

Since 1996 the Laboratoire Central des Ponts et
Chaussées (Paris, France) and the Institut de
Recherche en Génie Civil et Mécanique (Ecole Cen-
trale de Nantes) have been conducting a technology
watch mission in order to compare numerical mod-
elling results with measurements on actual geotech-
nical structures. The primary objective is to preserve
the record of these models and their comparisons, to
draw lessons in the practice of geotechnical modelling,
to provide orders of magnitude for computational
results and to quantify the model error. The infor-
mations extracted from bibliographical analysis have
been combined into an international database called
MOMIS (acronym for «Modélisation des Ouvrages et
Mesures In Situ») (Mestat & Bourgeois, 2002; Mestat
et al., 2004).

In 2004 new data were collected and analyzed. The
database MOMIS currently contains 518 case histo-
ries corresponding to the modelling of embankments
(84), tunnels (155), sheet-piled retaining structures
(66), diaphragm walls (102), shallow foundations (51),
embankments on columns of improved soils (60). For
the same experimental case, several numerical studies
may be generated; such is the case for example when
holding a blind prediction competition (benchmark)
or a comparison between several constitutive laws for
soils.

The numerical results are provided by the Finite Ele-
ment Method (FEM) or the Finite Difference Method
(FDM). The numerical studies stored in MOMIS
were mainly two-dimensional finite element analyses.

Some more recent 3D analyses are included in the
database (9% of the references).

Following the classification by Lambe (1973), the
vast majority of modelling efforts recorded (454 case
studies) pertain to class C predictions (ie a posteriori
predictions) and only 64 cases concern class A pre-
dictions (before construction without knowledge of
measures). Class A predictions are the ideal type of
prediction to evaluate the performance of numerical
modelling. Unfortunately they tend to be rather rare.
Their limited number is due to the cost of experiments
and more predominantly to their time requirements,
which seem to be incompatible with the constraints
imposed by construction economics. Even though
class C predictions are less demonstrative, it is valu-
able and useful to draw lessons from these comparisons
from both an engineering and research standpoint as
well as to derive recommendations for subsequent
numerical analyses (choice of model and guidelines
for controlling results) and to quantify the model error.
The displacements, pressures, forces, moments and
other quantities were estimated from curves provided
in the reference publications.

Taking previous and recent researches into account,
this paper presents new statistical applications of
MOMIS in the field of retaining structures (sheet-piles
and diaphragm walls) and deviations between results
of numerical method and measurements.

2 ANALYSIS OF DATA

The measured and computed retaining wall and ground
movements of each case history have been analysed
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under several considerations. The studied variables for
comparisons at the end of construction are:

– the maximum horizontal displacement of the
wall Dmax;

– the depth z of the point of maximum horizontal wall
displacement;

– the maximum settlement of the soil behind the wall
at the surface Smax;

– the horizontal distance x of the point of maximum
settlement of the soil behind the wall at the surface;

– the heave of the excavation bottom sf;
– the maximum bending moments Mmax in the wall;
– the forces in the struts F.

The comparisons between computed and measured
variables have been achieved in several diagrams and
by the use of relative errors. For each variable analyzed,
the relative error was defined as the difference between
the computed valued and the measured value, divided
by the measured value. It may be useful to recall that
the measured values are themselves subject to various
errors inherent to the monitoring process and that it
is therefore pointless to look for a perfect agreement
between computations and measures.

3 HORIZONTAL DISPLACEMENTS

Regarding the maximum horizontal displacement of
the walls Dmax, the agreement is fairly good (Figures 1a
and 1b). Most numerical results fall close to the mea-
sured values and the extreme deviations remain accept-
able. The relative error ([Dmax

th – Dmax
exp]/Dmax

exp)
remains small: 41% of the case studies stored in
MOMIS database have a relative error which is less
than 25% and 61% provide a relative error less than
50%. The comparisons seem to be the best in the case
of sheet-pile retaining structures.

In the case of sheet-piles the horizontal displace-
ments of the wall are greater than in the case of
diaphragm walls. This observation confirms the well-
known influence of the kind of the wall (and its rigidity
EI) and supporting system on the ground movements.

Figure 2 shows that the depth z of the point of max-
imum horizontal sheet-pile displacement is very often
overestimated. Nevertheless in terms of absolute value
the relative errors are less than 50% for the majority
of results. These data for the diaphragm walls are not
available at this present time.

Figure 3 presents a view of the relative error on Dmax

vs the relative error on z, ie a view of the capacity to
simultaneously predict the values of z and Dmax. If we
consider that a relative error of 50% is satisfactory, the
modelling of the horizontal movements of sheet-piles
may be reasonably good. A large majority of rela-
tive errors are located into a circle corresponding to
a relative error of 50% (Figure 3).
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Figure 1. Measured and computed maximum horizontal
displacement of the walls Dmax. Class A predictions are
represented by squares in the case of sheet-piles.
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Figure 2. Measured and computed depth z of the point of
maximum horizontal sheet-pile wall displacement.

4 SETTLEMENTS BEHIND THE WALLS

Results seem not so good for the estimation of the
maximum settlement at the surface behind the walls:
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Figure 3. Relative error on maximum horizontal displace-
ment Dmax vs relative error on vertical distance z of the point
of maximum horizontal sheet-pile wall displacement.

computed settlements are smaller than measured val-
ues (Figures 4a and 4b). For all data, 13.5% of
references give a relative error less than 25%.

From a general standpoint, the models are not yet
able to describe the surface settlements and often
underestimate them with sometimes negative com-
puted values (ie upward movements). This may be
explained by the fact that simple elastoplastic models
(e.g. Mohr-Coulomb or Drucker-Prager without hard-
ening) overestimate the plastic volume increase, which
leads to underestimating the settlement. Another
explanation can be provided by an inadequate mod-
elling of the soil-structure interaction. In the last place
another potential source of inaccuracy is the fact that
the elastic part of the constitutive law is generally
linear, which leads to inappropriate estimation of the
strains in the lower part of the mesh.

Figures 5a and 5b show that the horizontal dis-
tance x of the point of maximum settlement of the
soil behind the wall is generally overestimated. The
relative error for the variable x is of the order of 100%
with maximum error rising to over 300% (Figure 6).
These relative errors are higher than for the vertical
variable z (Figure 3).

An other analysis can be made in the Peck’s diagram.
Peck (1969) proposed empirical relationships between
the settlement of the soil behind the walls normalized
by the excavation depth H and the distance from the
edge of the wall normalized by the excavation depth H.

Figures 7 and 8 show the relationships in the Peck’s
diagram for computed values and measured values
collected in the MOMIS database.
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(b) Diaphragm walls

Figure 4. Measured and computed maximum settlements
behind the retaining walls Smax.
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(b) Diaphragm walls

Figure 5. Measured and computed horizontal distance x of
the point of maximum settlement of the soil.
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Figure 6. Relative error on maximum settlement of the soil
behind the wall Smax vs relative error on horizontal distance x
of the point of maximum settlement of the soil (for sheet-piles
and diaphragm walls).

-1

0

1

2

3

0 1 2 3

x/H

S
m

a
x
/H

 (
%

)

Figure 7. Summary of computed settlements of soil and
distances from the edge of the wall (according to Peck’s
diagram): sheet-piles (+) et diaphragm walls (�).

The majority of the maximum computed settle-
ments Smax/H is under 1.5% and the distances from
the edge of the walls remain less than 2 times of the
excavation depth H. For the measured values, the ratio
Smax/H seem to be greater (up to 2.5%) and the ratio
x/H smaller than those of the computed values.

The large majority of the computed and measured
data are plotted in zones I and II defined by Peck
(1969) : “sand and soft to hard clay” (zone I) and “very
soft to soft clay” (zone II).

In figures 7 and 8, the kind of walls is identifiable
by the symbol used : (+) for sheet-piles and (�) for
diaphragm walls. In the case of diaphragm walls the
settlements of the ground surface are small and they
are greater in the case of sheet-piles. This observation
confirms the well-known influence of the kind of the
wall and supporting system on the ground movements.

5 HORIZONTAL AND VERTICAL
MOVEMENTS

Figures 9 and 10 show that:

– for measurements, the ratio Smax/Dmax is less than
2 for sheet-piles and less than 2.5 for diaphragm
walls;

– for all numerical results, the ratio seems to be less
than 1.5.
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Figure 8. Summary of measured settlements of soil and
distances from the edge of the wall (according to Peck’s
diagram) : sheet-piles (+) et diaphragm walls (�).
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Figure 9. Comparison of the ratio Smax/Dmax for measured
and computed values.

The ratio of computed results Smax/Dmax is relatively
smaller than that of measured values. The negative
computed values are due to the inappropriate linear
elasticity used in the modelling of the unloading path
around the excavation.

The fact that numerical results Smax/Dmax are less
than 1.5 can be of great interest in terms of controlling
the results of numerical modelling.

Figures 10a and 10b present the relative errors asso-
ciated to the settlements Smax in function of the relative
errors on the horizontal displacements Dmax. These
new plots demonstrate again the large scatter of the
settlement results.
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(b) Diaphragm walls

Figure 10. Relative error on maximum settlements of the
soil behind the wall vs relative error on maximum horizontal
displacement of the wall.

6 MAXIMUM BENDING MOMENTS AND
FORCES IN THE STRUTS

For the following analysis, only the case histories with
one level of struts are considered. From the point of
view of a plane strain model there is a unique strut in
the plane mesh (finite element method) or grid (finite
difference method).

This part of the analysis is less classical than the
comparisons discussed before, because the measure
of forces in struts is rare. Besides, it is difficult to
achieve a reasonable accuracy, given the sensitivity
of experimental devices to external factors (especially
temperature changes, which may have a significant
influence on the forces in the struts), and because
of drifts of the experimental devices over long time
periods.

Figures 11 and 12 show that reasonable accuracy
can be achieved (at least if a proper “a posteriori” para-
metric study is carried out) both for the forces in the
struts and for the bending moments in the wall.
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Figure 11. Comparison of computed and measured values
of the forces in the struts.
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Figure 12. Comparison of the computed and measured
values of the maximum bending moments in the wall.
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Figure 13. Relative error on forces in the struts F vs relative
errors on maximum bending moments Mmax.

Figure 13 presents an other interesting plot: the
relative error on the maximum bending moments in
function of the relative error on the forces in the strut.

The Figure 13 shows the large scatter of the relative
error on the maximum bending moments. The mean
relative error is 125%. On the other hand the mean
relative error on forces is less than 25%. The forces are
simulated more accurately than the maximum bending
moments.

7 CONCLUSIONS

The Laboratoire Central des Ponts et Chaussées and the
Ecole Centrale de Nantes have been conducting a tech-
nology watch over the past several years with respect
to comparing numerical modelling results with in-situ
measurements on full scale geotechnical structures.
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The information extracted from the bibliographical
analysis has been combined into a database called
MOMIS.

Collation of the references has served to identify a
few general conclusions, such as:

– the modelling error is less than 50% for the
horizontal displacement of a retaining structure at
the end of construction Dmax and for the depth z
of the point of maximal horizontal displacement;

– the modelling error remains high for the vertical
settlement behind a retaining structure Smax, with
a significant number of relative errors greater than
100%. It is the same for the horizontal distance x of
the point of maximal settlement;

– the forces in the struts are better estimated than the
maximum bending moments in the wall.

Some of the figures drawn in this paper can be
used for controlling the results obtained in current
numerical modelling. In particular the analysis of all
computed results leads to the following inequalities:

These inequalities would be considered like a rough
estimate. More precise values must be taken into

account for the type of ground and complete support-
ing system.

Finally it is essential to continue conducting these
computation-measurement comparisons along with
additional full-scale experiments. The scientific com-
munity needs to ascertain the degree of realism
in the numerical models, the possibility to check a
part of numerical results and to define modelling
methodologies specific to each type of geotechnical
structure.
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