
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Geotechnical Aspects of Underground Construction in Soft Ground – Ng, Huang & Liu (eds)
© 2009 Taylor & Francis Group, London, ISBN 978-0-415-48475-6

Numerical modelling and experimental measurements for a retaining wall

of a deep excavation in Bucharest, Romania

H. Popa, A. Marcu & L. Batali

Technical University of Civil Engineering, Geotechnical and Foundations Department, Romania

ABSTRACT: Although civil engineers dispose of various calculation methods for retaining structures, none
of them have definitely imposed itself, each one bringing its own benefits or limitations. Finite Element Method
(FEM) offers the benefits of complex models allowing taking into account the majority of soil – structure
characteristic parameters. However, the experience shows that the differences between the experimental and
the calculation results are often quite important. The paper presents the case history of a diaphragm wall for
a deep basement of a new building in centre of Bucharest. Nearby the new building there is an ancient cathe-
dral – historic monument. The deep excavation is also neighboring at different distances with another existing
buildings and a heavy trafficked road. All these conditions led to choose the “top-down” technology in execu-
tion of the basement. The numerical results obtained by FEM are compared with the measurements recorded
during the construction. The differences between the obtained values (displacements) are comprised between
15% and 75%, depending on the enclosure sides. The main factors leading to these differences are the soil
parameters.

1 INTRODUCTION

The effect of deep excavations on neighboring struc-
tures can become important and therefore special
measures have to be taken in the design andmonitoring
of retaining walls.
Calculation of such structures must be based on

methods taking into account the soil – structure inter-
action and, with this respect good soil knowledge is
indispensable.
Paper presents the case of a diaphragm wall for

a deep basement in the very centre of Bucharest.
The basement is developed on 4 underground lev-
els and needs an excavation of about 15m deep. The
groundwater level is at about 6m depth. The ground
is composed of alluviums layers comprising medium
soft silty clays, as well as fine to coarse medium
dense sand. Near the new construction, at about 6m
distance, there is an ancient cathedral, classified as
historical monument. As well, the pit has on another
side some buildings, while on the other two sides it
is delimited by a heavy traffic road. All these condi-
tions led to choose the “top – down” technology for
building the infrastructure, in order to have minimum
deformations and displacements of the wall, so that
the integrity of the neighboring buildings not being
affected.

2 WORKAND SITE DESCRIPTION

2.1 Site and geometrical characteristics

The new building is located at the centre of Bucharest,
next to the Romano – Catholic Cathedral St. Joseph.
Figure 1 presents a photo of the site.
As it can be seen on the photo, on the Western side

the pit is very close to the St. Joseph Cathedral (about

Figure 1. Location of the deep excavation.

187



Figure 2. Cross section through the diaphragm wall.

6m distance), on the Southern side there is a building
complex at about 10m distance, while on the two other
sides there is a public road with heavy traffic.
Figure 2 shows a cross section through the

buildings’ infrastructure, presenting also the ground
lithology.
The diaphragm wall is made of panels 80 cm thick

and 21m deep. The embedment depth has been estab-
lished considering the wall stability and excavation
bottom imperviousness. Dewatering has been per-
formed only inside the enclosure, the groundwater
level outside being left unchanged to avoid undesir-
able settlements of the ground around the pit due to
dewatering, which would be in addition to the inher-
ent settlements due to excavation inside the enclosure
and to the erection of the new structure, which could
affect especially St. Joseph Cathedral.

2.2 Geotechnical characteristics of the ground

Thegeotechnical parameters are specific forBucharest
area, which is characterized by alluvium soils. The tri-
axial tests performed with imposed stress path allow a
direct determination of the shear strength parameters
(φ, c), of the secant modulus (E) and of the earth coef-
ficient at rest (k0) for the clayey layers; for the sands
these parameters have been established based on SPT
tests.

Table 1. Design values for the geotechnical parameters.

Thickness, γ E, φ′ c′ K0
Stratum m kN/m3 MPa (◦) kPa

Clay (1) 4.00 19 25 25 30 0.7
Sand & gravel 5.50 20 40 38 0 0.4
Clay (2) 7.50 20 50 22 50 0.7
Silty clayey 2.00 20 75 28 20 0.5
sand
Clay (3) 4.00 20 75 22 50 0.4
Fine sand 7.00 20 75 36 0 0.4

The ground lithology and the design values of the
geotechnical parameters are shown in table 1 (level
0.00m represents ground level).
The groundwater level is +74.0m and, according

to the site investigations, it can vary with ±1.00m.
A second aquifer, confined, has been found between
+63.0÷ +61.0m (within the sandy layer).

3 NUMERICAL MODELLING

3.1 Numerical model

Numerical modeling has been performed using 2-D
FEM, the model having 1933 elements and 5866
nodes.
For the soil, a perfect elasto-plastic constitutive law

has been used,withMohr –Coulomb criteria, using the
geotechnical parameters issued from laboratory and
in situ tests.

3.2 Calculation stages

Calculations have been organized in 6 stages, follow-
ing the technological phases:

– phase 0 – initialization of the stress state in the
ground;

– phase 1 – excavation down to the lower level of the
first floor slab; execution of the first floor slab;

– phase 2 – excavation below the first floor slab down
to the lower level of the second floor slab and dewa-
tering inside the enclosure; execution of the second
floor slab;

– phase 3 – excavation between floor slabs no. 2
and 3; execution of floor slab no. 3;

– phase 4– excavationbelow the third floor slabdown
to the final level (−15.00m).

3.3 Results

Figure 3 presents the evolution of the horizontal dis-
placement of the wall as a function of the execution
stages.
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Figure 3. Horizontal displacements function of calculation
phases.

Figure 4. Bending moment function of calculation phases.

Figure 5. Shear force function of calculation phases.

Table 2. Floor slab reaction forces.

Force, kN/ml

Floor 1 Floor 2 Floor 3

Phase 1 – – –
Phase 2 −142.2 – –
Phase 3 2.3 456.5 –
Phase 4 6.7 249.2 729.2

According to the calculations, the maximum hori-
zontal displacements of the wall are of about 15mm,
at 15m depth. Due to the “top-down” technology, the
shape of the displacement curves shows greater values
in the lower part of the wall. The displacements of the
upper part are practically blocked by the already built
floor slabs.
The upper maximum horizontal displacements are

estimated to be of 5÷ 6mm.
Bending moment and shear force graphs are shown

figures 4 and 5, respectively.
The reaction forces on the basements’ floor slabs

are shown table 2.

4 MEASUREMENTS

In order to record the influence the deep excavation
and, moreover the whole new building, has on the
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Figure 6. Experimental measurements.

neighbouring structures, a monitor of the displace-
ments has been performed.
The retaining wall was equipped on each side with

inclinometers for measuring the horizontal displace-
ments and, thus, the walls’ deformation.
Marks were installed on the surrounding buildings

to monitor their settlements. As well, extensometers
were installed, just behind the wall for measuring
grounds’ settlements.
Another monitoring concerned the groundwater

level outside the enclosure. For this purpose, wells
were drilled and equipped as piezometers, located on

each side of the enclosure. The measurements showed
that the dewatering works inside the enclosure didn’t
affect the groundwater level outside.
Figure 6 shows the monitoring equipment used for

the St. Joseph Cathedral side.
It can be seen that, in order to reduce furthermore

the risks of a negative influence of the retainingwall on
the Cathedral, between these two first a stabilization
wall was built using cement-based injections.
Figure 6 shows also the measured lateral displace-

ments of thewall during the last excavation stage (stage
4). It can be seen that the shape of the displacement
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curve corresponds to the one obtained by numerical
calculation. But the values are much less than the
estimated ones.
So, at the upper part of the wall, the maximum dis-

placements are of about 2mm, representing about 50%
of the estimated ones, while at the lower part the differ-
ences are more important, the measured values being
only 25% of the calculated ones.
This important difference between calculations and

measurements can be due also to the protection injec-
tion screen located on this side of the enclosure. On
the other sides, where no such protection has been
installed, the maximum walls’ displacements were of
about 13mm, being quite closed to the estimated value
(85%).
Anyway, estimations are still higher than the mea-

sured values for all excavation stages.
Concerning the ground settlement behind the

retaining wall (at about 1m distance), extensometers
showed a maximum value at ground level of about
7mm. The settlement evolution versus the depth can
also be seen in figure 6 andone cannote that it becomes
negligible at about 2–3m below walls’ toe.
Marks fixed on the St. Joseph Cathedral indicated a

maximum settlement of 0.7mm, its integrity not being
endangered.
From this point of view it can also be noted the

beneficial role of the injection screen, the difference
of settlements on one side and the other of the screen
being substantial.
Concerning the other neighboring buildings located

at about 10m distance, maximum settlements of about
3mm were recorded, insignificant for their stability.

5 CONCLUSIONS

Retaining structures imply complex soil – structure
interaction phenomena. A correct estimation of their
behavior is possible only by using numerical mod-
els, allowing a complex modeling of the system

formed by the retaining wall, foundation ground and
neighbouring buildings.
Even when such methods are used, the results can

present significant differences from the real behav-
ior. The reasons for these differences are many, among
them:

– incertitude regarding the geotechnical parameters
used for the calculations, especially when complex
constitutive laws are used for the ground;

– difficulty in estimation of the initial stress state in
the ground, taking into account its lithology, the
presence of neighbouring structures, the execution
of the retaining wall itself etc.;

– complexity of the numerical model itself, consid-
ering all implied parameters;

– three-dimensional behaviour of the retaining
structure.

In order to obtain reliable results using numeri-
cal modeling it is important to calibrate and validate
the model based on experimental measurements per-
formed on similar structures and in similar site con-
ditions. The experience in such modeling is also an
important aspect.

REFERENCES

Marcu, A., Popa, H., Marcu, D., Coman, M., Vasilescu, A. &
Manole, D. 2007. Impact deep excavations on neighboring
buildings, National Conference AICPS, 1 June 2007 (in
Romanian).

Marcu, A. & Popa, H. 2004. Calculations and measurements
of deformations and displacements of a retaining wall
for a deep excavation and of the neighboring structures.
10th National Conference of Soil Mechanics and Foun-
dation Engineering, 16–18 September 2004, Bucharest,
Romania, pp. 311–322 (in Romanian).

Popa, H. 2002. Contributions to the study of the soil –
structure interaction in case of underground structures,
PhD thesis, Technical University of Civil Engineering
Bucharest, p. 311.

191


	Welcome page
	Table of contents
	Author index
	Search
	Help
	Shortcut keys
	Previous paper
	Next paper
	Zoom In
	Zoom Out
	Print


