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

ABSTRACT 
Designing high buildings, with 10 – 20 stories aboveground and several underground stories, in dense urban areas supposes to build
deep excavation enclosures, having neighbouring structures at the property limit. Designing and building such works imply a series of
activities which have to be lead and controlled rigorously from technical and scientific point of view. The paper presents the authors’
approach for such a work, from the site geotechnical investigation, mathematical modelling and design to the building survey and
model validation. 

In the Northern area of Bucharest it was proposed to build 2 office buildings with 8 – 15 stories, having a common basement 
developed on 4 underground levels, leading to a 15 m deep excavation. Based on the geotechnical data, the working enclosure has
been designed by adopting a solution using diaphragm walls made of panels 80 cm thick and 24 m deep. The chosen working
technology was the “top – down” method and the calculations have been performed accordingly. The execution is accompanied by a
rigorous monitoring program for the enclosure and for the neighbouring buildings, including piezometers, inclinometers within the
diaphragm walls, topographic marks for horizontal and vertical displacements of the walls and buildings. 

RÉSUMÉ
La conception des grands bâtiments avec 10 – 20 étages et plusieurs niveaux de sous-sol en zone urbaine demande la réalisation de 
fouilles profondes ayant des structures avoisinantes à la limite de la propriété. La conception et la réalisation des tels bâtiments 
impliquent une série d’activités qui doivent être menées et contrôlées rigoureusement aussi bien du point de vue technique, que du
point de vue scientifique. L’article présente l’approche des auteurs pour un tel cas, en partant de l’étude géotechnique, en passant par
la modélisation numérique et la conception, jusqu’au suivi et la validation des modèles utilisés. 

Dans la partie nord de Bucarest il a été propose de construire 2 bâtiments ayant 8 – 15 étages et un sous-sol commun développé 
sur 4 niveaux souterrains, nécessitant une excavation de 15 m de profondeur. En utilisant les données géotechniques obtenues, il a été
conçu une fouille en utilisant des parois moulées de 80 cm d’épaisseur et 24 m de profondeur. Les ouvrages de soutènement de la
fouille ont été réalisés en utilisant la technologie “top – down” et les calculs ont été effectués dans cette hypothèse. La réalisation de la
fouille est accompagnée par un programme de suivi pour les parois et les structures avoisinantes par piézomètres, inclinomètres, 
repères topographiques pour les déplacements horizontaux et verticaux des parois et des bâtiments.  
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1 INTRODUCTION 

Deep excavation in urban areas represents a complex problem 
of interaction between the retaining structure, surrounding soil 
and the existing neighbour buildings. 

A failure of such retaining structure can lead to a disaster, 
especially as far as the neighbouring buildings are concerned. 
For this reason, when designing and building such works 
extreme safety measures have to be considered: the design 
should be carried out based on complex calculations, usually 
using numerical models and relevant and correct geotechnical 
parameters; the works should be accompanied by a monitoring 
of the retaining structures and surrounding buildings so that any 
differences between the real behaviour and the design 
hypothesis could be recorded in due time and adequate 
measures could be taken.  

This paper presents such a work: two towers, one having 8 
stories and the other one 15 stories, with a common basement 
on 4 underground stories, leading to more than 15 m deep 
excavation. The buildings are located next to existing structures 
and to heavy trafficked roads, so an attentive care has been paid 
to the design and works on the site. Figure 1 shows the site 
position.  

Figure 1. Investigated site 

The retaining wall has been modelled using the reaction 
coefficient method (RCM). The experimental measures 
performed during the works have been used for verifying and 
validating the calculation models. The paper presents some 
conclusions regarding this specific point.  
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2 SITE INVESTIGATION 

The site investigation has been conducted in several stages. A 
first stage of investigation was based on 3 boreholes, 45 m deep 
(2 boreholes) and 60 m deep. Samples for laboratory tests were 
taken and also SPT tests have been performed in the boreholes. 
The 45 m deep boreholes were equipped as piezometers for the 
hydro geological analysis.  

In order to have more geotechnical data, a new series of site 
tests were conducted by means of CPT tests (10 points up to 
30m depth).  

The geotechnical investigations led to the conclusion that the 
ground is composed, below a first layer of man-made fill with 
variable thickness from 0.50 m to 1.50 m, of a succession of 
cohesive or slightly cohesive soils with granular materials. The 
cohesive soils are mainly clays and silty clays with high 
consistency (stiff to solid), while the granular materials are fine 
to medium sands, sometimes silty or clayey, in medium dense 
state. Table 1 shows the mean geotechnical parameters for each 
layer, layer no. 1 being the first below the man-made fill.  

Table 1. Geotechnical parameters  
la
ye
r

thick-
ness 
(m)

E
(MPa) 

φ

( o)
c

(kPa) 
cu

(kPa) 
NSPT Rp

(MPa) 

1 2.6-3.1 11 20 45 100 - 2-3 
2 1.9-2.7 25 32 15 - 14-25 10-20 
3 4.2-6.3 11 13 45 100 23-25 2-3 
4 1.3-2.7 30 30 15 - 14-61 12-20 
5 3.0-3.2 14 18 36 120 17 2-3 
6 0.6-2.7 32 32 5 - 43-93 22-30 
7 7.3-7.6 23 14 33 150 25-31 3-4 
8 1.4-1.5 40 34 5 - 113-121 10-23 
9 0.9-2.6 25 10 45 150 - 2-3 

10 1.5-2.6 40 34 5 - 113-118 - 
11 3.5-4.1 30 7 60 100 45-48 - 
12 0.9-1.5 40 34 5 - 109-116 - 
13 7.2-8.2 25 7 60 - 39-61 - 

The groundwater table has been found at about 7.4÷7.9 m 
below the ground level.  

The shear strength parameters have been determined using 
triaxial compression or shear box tests. The elasticity modulus, 
E has been calculated using correlations based on SPT and CPT 
test results.  

3 RETAINING STRUCTURE 

3.1 Geometrical and technological characteristics 

The retaining structure of the deep excavation is a diaphragm 
wall 80 cm thick and 24 m deep.  

The support system of the diaphragm wall is composed of 
the basement slabs, according to “top – down” procedure. In 
order to work more easily below the slabs and to have higher 
working space, two underground stories have been excavated at 
once, the slabs being built at 2 stories distance between.  

In these conditions the technological stages for the 
infrastructure are the following (referring to level ±0.00 m of 
the building): 
stage 1: construction of the diaphragm walls around the future 
excavation; construction of the foundation piles required to 
support the basement slabs during the basement construction 
and launching inside the piles of the metallic profiles for 
supporting the slabs; drilling of dewatering wells;
stage 2: excavation down to level -3.75 m; construction of the 
slab above #2 basement floor, by keeping technological voids 
for equipment access and future works; 
stage 3: dewatering the groundwater level inside the enclosure 
down to approx. level -17.0 m; excavation down to level -10.15 

m; construction of slab above #4 basement floor with 
technological voids for equipment access and future works; 
stage 4: excavation down to the final level -15.05 m; 
construction of the raft; 
stage 5: construction of the slab above # 3 basement floor 
(upper level of the slab = -6.55 m) and completion of the voids 
in the other slabs; construction of the slab at level ±0,00. 

Figure 2 presents the technological stages of the „top – 
down” method.  
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Figure 2. Technological stages for the deep excavation and basement 

“Top-down” construction method has been chosen for the 
following reasons: 
- anchorages couldn’t be used on all sides due to neighbouring 
(utility networks on the sides parallel to the boulevards); 
- use of struts was difficult due to large opening of the 
excavation (over 100 m on the long side); 
- advantages of the method: support using the basement slabs, 
fast execution, high stiffness of the structure leading to small 
displacements of the walls during the works. 

Figure 3 presents photos of the works during various 
working stages: 2, 3 and 4. It can be seen the large voids in the 
basement slabs so that the excavation works to be performed in 
the best conditions.  

Stage 2 
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Stage 3 

Stage 4 

Figure 3. Technological stages 

3.2 Monitoring 

The monitoring of the retaining structure was focused on the 
following aspects: 
- monitoring of settlements and fissures for the neighbouring 
buildings; 
- monitoring of settlements and lateral displacements of the 
retaining structure; 
- monitoring of the groundwater level inside and outside of the 
enclosure. 

Settlements have been measured by topographic means, 
marks being placed from the beginning of the works. 

For the lateral displacements of the diaphragm wall have 
been installed 5 inclinometers in the sensitive areas (e.g. near 
the buildings or access in the basement). As well, another 
inclinometer was installed behind the wall at about 3 m distance 
for monitoring the horizontal displacements.  
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Figure 4. Monitoring works 

The groundwater level has been monitored continuously 
using piezometers placed inside and outside the enclosure.  

Figure 4 shows the monitoring works.  
Measures have been taken as the execution was performed, 

following the technological stages presented here above. Here 
below are presented the measures for the last stage (stage 5).  

3.2.1 Neighbour buildings and diaphragm wall settlement 

The settlement of the neighbouring buildings has reached a 
maximum value of 5.4 mm (for the 6 stories building), 
respectively 3.4 mm (4 stories building). The buildings are 
located on the short side of the enclosure (see figure 4) at about 
3 m distance from the diaphragm wall, both having one 
underground level.  

The maximum settlement of the diaphragm wall was 7.4 mm 
(on the side with the buildings); while on the other sides the 
maximum values were comprised between 5.0 and 6.4 mm. 

The precision of the measurements is 0.5 mm. The recorded 
values of the settlement didn’t endanger in any way the integrity 
of the neighbouring buildings or streets.  

3.2.2 State of existing fissures 

The existing fissures of the neighbouring buildings were 
monitored using glass marks and special magnifying glass with 
a precision of 0.1 mm. 

The fissures opening during the infrastructure building was 
comprised between -0.06 and +0.14 mm depending on the 
fissures position and state.  

As it can be seen, the values are very small and the integrity 
of the existing buildings has not been affected. 

3.2.3 Groundwater level 

The dewatering system was designed to pump the water only 
inside the enclosure, so that the outside level not to be 
influenced. The ground being composed of a succession of 
cohesive, low permeability layers and granular, aquifer layers, 
the wall has been designed to be embedded into a low 
permeability layer, the enclosure being so impervious.   

Inside the enclosure the groundwater level has been kept 
around 17 m depth with ±1.0 m variation. Outside the enclosure 
was recorded a very slight decrease of the groundwater level. 
The water pumping has been monitored, no transport of solid 
particles being recorded.  

3.2.4 Horizontal displacements of the diaphragm wall 
The horizontal displacements of the diaphragm wall have 

been monitored using inclinometers (located as shown 
Figure 4). 
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Figure 5. Measured horizontal displacements of the diaphragm wall 

Figure 5 shows the deflected shape for the inclinometer 
located on the short side of the enclosure, right of the 
neighbouring building. The three graphs correspond to the main 
stages of excavation, 2, 3 and respectively, as presented above. 
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Stage 4 corresponds to the final excavation level, before pouring 
the raft.  

As it can be seen from the graphs, the maximum horizontal 
displacements are of 7 – 8 mm, at about 10 m depth. It has to be 
mentioned that the precision of the measurements was of 0.02 
mm for 500 mm depth. 

3.3 Diaphragm wall calculation 

The calculation of the diaphragm wall followed the 
technological stages presented paragraph 3.1.   

The horizontal displacement of the wall for each stage are 
shown figure 6. Figure 6a shows the results obtained by 
calculation, while figure 6b presents the back calculation based 
on the measurements.  
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Figure 6. Calculated horizontal displacements of the diaphragm wall 

In the initial calculation, the maximum displacement was 
reached during the final stage of excavation and was around 11 
– 12 mm. Compared to the measured values there is a 50 % 
difference. As well, it can be seen that the maximum values are 
reached for about 16 m depth, meaning 6 m lower than for the 
measured values.  

The difference of shape is due mainly to the support 
stiffness. The calculation using RCM it was considered an 
infinite rigid support which blocked any wall displacement 
when activated. In reality, the slabs have certain elasticity and 
there is also a contraction effect of the concrete leading to o 
displacement of the wall support and of the wall itself.  

A difference of displacement can be observed also at the 
lower part of the wall. The measures show an almost nil 
displacement of the wall base, while the calculation indicates a 
displacement as the excavation works progress. All these lead to 
horizontal displacements quite different from the reality. 

Based on the measurements, the calculation model has been 
revised. Figure 6b shows the lateral displacement diagrams for 
the wall and an improvement of the results can be noted. The 
maximum values of the displacements are of 7 – 8 mm, which is 
in accordance with the measurements. The point of maximum 
displacement is still below the real one, at about 14 m depth.  

It can also be seen that the displacements right of the support 
points for the last excavation stage (stage 4) are almost constant, 
while the measures are showing clearly a support displacement, 
even if for the second modelling the supports were modelled 
with certain elasticity. 

Calculated values of bending moment and shear force in the 
retaining wall are shown in figure 7. 

Maximum bending moment and shear force are reached for 
stage 4, corresponding to the final excavation level. Maximum 
bending moment is around 900 kNm/m, while the maximum 
shear force is of about 570 kN/m. 
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Figure 7. Bending moment and shear force in the retaining wall 

4 CONCLUSIONS 

The retaining structures for deep excavations in urban areas are 
complex interaction problems requiring special care for the 
geotechnical investigation, design and execution stages.  

Even if detailed geotechnical investigations are available and 
complex models are used for the structure design, differences 
between calculation and measurements can been recorded.  

The calculation models need to be validated before their use 
for design and this is possible only based on experimental data. 

The paper presents such a work and a comparison between 
calculated and measured values for the displacements of the 
retaining structure. Even if special care has been paid to the 
determination of the geotechnical parameters and to the model, 
differences are still important, not only in terms of values, but 
also as far as the shape is concerned.  

Differences can be explained especially by the model: 
overestimated stiffness for the support system, too simple 
modelling of the soil-structure interaction offered by RCM, 
inadequate ground characteristics (as indicated by the calculated 
displacements of the base of the wall, which in reality didn’t 
occur).  

These comparisons confirm once more the necessity of 
monitoring of such works. Even if the design is based on a 
detailed ground investigation and on numerical models (RCM is 
one of the most used methods in practice), the real behaviour of 
the wall and its influence on the neighbouring buildings are 
difficult to evaluate with certain accuracy. Monitoring of works 
and surrounding buildings offers the possibility of interventions 
in due time, if necessary. 

For the presented case, even if the shape of the measured 
displacements is different from the calculated one, values were 
below the estimated ones and the works have been done in very 
good conditions. The measurements allow validating new 
calculation models serving to future projects.  
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