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Optimisation des transports urbains obtenue par des solutions d'ingénierie géotechnique mixte,
projet Decebal Parking

Cristian Radu
Concept Structure, RoOSGFE, Romania, cristian.radu@c-st.ro

ABSTRACT: The proposed paper presents a mixed structural solution for constructing an underground parking project as part of the
Decebal Boulevard urban regeneration project, works being carried on one of Bucharest’s most congested streets. The
aforementioned project has been constructed using a solution adopted in order to achieve a performant budget and execution rhythm
for Decebal Parking, a project meant to revive a congested area within the capital of Romania. The paper will present the evolution
of the project from concept design to technological aspects developed throughout the design and execution phase, such as soil-
structure interaction and groundwater control with respect to hydrological conditions related to underground structures. Taking into
account the encountered difficulties, the final solution adopted for re-shaping one of Bucharest’s main boulevards overcame
numerous challenges, ensuring a path for further similar developments.

RESUME : L'article proposé présente une solution structurelle & usage mixte pour la construction d'un projet de parking souterrain dans
le cadre du projet de régénération urbaine du boulevard Decebal, les travaux étant réalisés sur I'un des boulevards les plus encombrés de
Bucarest. Le projet susmentionné a été construit avec une solution adoptée afin d'atteindre un budget et un rythme d'exécution
performants pour Decebal Parking, un projet destiné a faire revivre une zone encombrée de la capitale de la Roumanie. L'article
présentera I'évolution du projet depuis la conception jusqu'aux aspects technologiques développés tout au long de la phase de conception
et d'exécution, tels que l'interaction sol-structure et le controle des eaux souterraines en ce qui concerne les aspects hydrologiques liés
aux parkings souterrains. Compte tenu des difficultés rencontrées, la solution finale adoptée pour remodeler I'un des principaux
boulevards de Bucarest a surmonté de nombreux défis, assurant la voie a d'autres développements similaires.
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1 INTRODUCTION

Decebal Boulevard is one of Bucharest, Romania’s main areas of
interest, spanning over approximately 50 000 square meters and
connecting three districts and ensuring circulation for
approximately 8000 vehicles per day, excluding public
transportation.
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Figure 1. Site plan proposal

The newly proposed Decebal Parking project is initiated by
the local authority with the purpose of reconstructing the
boulevard and its amenities in order to optimize transportation,
municipal networks and in order to ensure a free pedestrian flow
at ground level. By means of combining several technologies and
work flows, the project involves solid soil-structure interaction
due to the final adopted solution, ideal for the project and the
approach deemed necessary by the municipality and its main
contractors.

1.1 Site conditions

The Decebal Boulevard is situated in the center of Bucharest, and
is organized with 3 lanes, sidewalks and green gardens, being
connected to two main boulevards and 6 linking streets. Along
the Boulevard, apartment blocks with 8-10 levels are also
commercial hubs for both residents and non-residents, generating
an important traffic flow, both pedestrian and by means of
transportation, individual or public.
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In terms of geotechnical conditions, the available report
indicates a uniform alternation of soil layers, mainly consisting
in thick layers of clay and sand with gravel, the project’s
geotechnical risk being assessed as major, due to several criteria
such as seismic zoning, water conditions and dewatering
necessity as well as the neighboring constructions.

Based on the available information, the local groundwater
level has been identified at approximately -6.00m below ground
level. Being relatively close to one of Bucharest’s main rivers,
the Dambovita, and given the local stratification containing thick
layers of sand and gravel, water table is considered variable,
dependent on several exterior factors.

Table 1. Site lithology

NGL ... -2.00m Filling
-2.00m ... -5.00m Clayey silt
-5.00m ... -14.00m Sand and gravelt
-14.00m ... -20.00m Silty clay




2 FEASIBILITY STUDY. CONCEPT DESIGN

In order to elaborate a comprehensive technical documentation
with realistic input over the implications regarding traffic
management and restrictions during the construction works, an
elaborate study was carried out, based on scenarios regarding the
possible solutions to be adopted for constructing the underground
parking.

The aforementioned study was considered as having the
greatest impact in adopting the final designed solution, in close
relation to traffic disabling on the Decebal Boulevard and
minimizing traffic disruption on the boulevard and on adjacent
streets.
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Figure 3. Architectural section for the proposed parking.

In normal conditions for a “cut and cover” construction, the
time for constructing the project’s parking structure and
relocating exterior networks was estimated at roughly 30 months
with traffic being disabled, while for a “top down” solution
method, activities at ground level on the boulevard would have
been suspended for an estimated 20 months, simultaneously
allowing works to continue being carried out both at ground level
and underground while resuming surface activities. The initial
study revealed a necessity for adopting a mixed solution
regarding both structural and geotechnical elements.

D-WALL SOLUTION CUT & COVER SOLUTION
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Figure 4. Estimated work flow charts (option I - diaphragm walls and
option II — cut and cover excavation)

The newly proposed structure has been established by the
general designer after several analyses carried out regarding cost
efficiency and available technologies.
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The final solution’s main particularity has been imposed as
the necessity of protecting neighboring constructions and utilities
and allowing circulation at ground level to be resumed with
minimum interference on traffic conditions.

3 DESIGNED SOLUTION

The newly designed excavation level of approximately 9.00m
with respect to natural ground level has been adopted in order to
construct a 700-lot parking divided on two underground levels.
Circulation between the two basements is ensured by ramps and
elevators.

Water level has been identified at 6.50m meters with respect
to ground level, imposing the necessity of a dewatering system
to be installed.

The implemented solution for constructing the deep
excavation was adopted by means of a 60cm thick diaphragm
walls supported by one row of metallic struts during the
temporary phase.

The primary criteria for adopting diaphragm walls as the main
technology has been reducing of horizontal displacements and
protecting buildings and utility networks positioned in close
proximity of the excavation pit, while allowing an efficient
rhythm for site works and road construction to be resumed at
ground level in short time.
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Figure 5. Stages of the proposed works (temporary and final)

As reestablishing traffic flow at ground level has been the
main design theme for the newly proposed parking, the general
designer adopted a mixed solution for above surface circulation
involving precast concrete beams simply supported on the
diaphragm wall’s capping beam, while below surface circulation
will be enabled inside a traditional concrete structure usually
adopted for basement configurations (concrete slab and
perimetral lining).
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Figure 6. Detalied view of the newly proposed structural ensemble



Above the precast concrete beams, the circulation deck has
been over-cast above the concrete beams.

During the exploitation phase, diaphragm walls are supported
by the general raft and intermediate slab between the two
basements and represent a support for the precast concrete
elements.

Figure 7. Tridimensional representation of main elements of the new
structure

The diaphragm walls have been constructed as reinforced
concrete panels under protection of bentonite slurry as per EN
1538:2010 Execution of special geotechnical works: Diaphragm
walls.

3.1  Numerical modelling of soil-structure interaction

In order to fully assess soil-structure interaction, several models
have been carried out by means of finite element method.

Numerical 3D simulations are typically approached by
engineers to solve localized problems, where either closed form
solutions are not available, or 2D numerical models (plane strain
or plane stress) cannot capture the full characteristics of the
problem.

Figure 8. Plane strain model

Generally, the issues consist with limited changes in either the
loading or the support conditions, which locally impacts the
structures (diaphragm walls or precast girders) or the soil.

The understanding of such changes and their effect can
provide a more realistic image of the estimates, in terms of stress
and strain states, and allow for risk assessment that otherwise
may be not reviewed and actioned during the design process, and
simply passed onto site, given the different specialty designers
involved in the parking’s project.
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Figure 9. Model related to soil-structure interaction

3.2 Precast concrete beams

Girder composite bridges are commonly used structures that can
be designed and built for a wide range of conditions, urban or
rural environment, highly economic in terms of production and
assembly. The deck ensuring constructing of road conditions is a
concrete slab, usually reinforced which is supported by the main
girders.

Considering timing and production efficiency, an approach
similar to bridge construction has been adopted by the precast
beams designer in order to reconstruct ground conditions and
allow traffic at ground level to be resumed.

Figure 10. Resulting forces in elements in different loading conditions

In order to properly integrate the precast elements with the
design of the diaphragm walls and of the capping beam, the
precast concrete beams have been analyzed in two separate
scenarios: (A) connected to the diaphragm wall and embedded
together with the diaphragm wall reinforcement and (B) simply
supported on the capping beam.

In the case of option A, temporary metallic bracing could be
considered optional, however results indicate a significant
increase in exterior diagrams thus involving extra reinforcement
necessary to withstand an over 1500 kNm/m bending moment
(value for maximum reinforcement ratio on one row of rebars),
resulting in complications in execution, capping beam geometry,
and detailing as well as supplementary time added to the
execution works.
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Figure 11. Diaphragm wall bending

moment diagram

3.3 Uplift calculation

Global stability of uplift calculation requires several equations to
be fulfilled in order to verify the submerged parking’s structure.

In normal cases, due to the higher thicknesses of the raft slabs,
the uplift forces are not critical especially due to vertical bearing
elements transferring high loads. However, in the case of an
underground structure, design must explicitly accommodate
water pressures that could occur during exploitation of the
structure.

Uplift pressure is estimated based on actions leading to
destabilizing actions.

Permanent stabilizing actions are obtained by the structure’s
self-weight and additional actions (such as diaphragm wall
connection and friction forces) acting against the water table’s
uplift pressure.

An extended check is necessary given the variable water table,
rain infiltrations and potentially faulty networks positioned in
close reach to the new parking, thus leading to a 1.5 safety
coefficient applied to water level loads.

Based on all the presented particularities, the design of the
structural elements has been elaborated for the ultimate limit
states STR and GEO with respect to the provisions of Design
Approach 1 from EN 1997-1:2004.

During the design process, several aspects were appreciated
and assessed in order to establish the proper solution for ensuring
correct verifications and checks.

Soil-structure interaction regarding uplift has been captured
within a full tridimensional model that has been developed in
order to appreciate loading for different boundary conditions or
geometries (for example rampa areas).

Diaphragm walls have been modelled as closely spaced
independent linear springs considering the interface resistance
effect based on soil parameters, connected at capping beam level.
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Figure 12. Plotted results of diaphragm wall loading (positive values for
tension and negative values for compression)
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With set purpose of accounting for different contact and
boundary conditions between internal concrete elements and
diaphragm walls, friction between new cast elements and the
retaining walls has not been included in the numerical
simulation.

4 CONSTRUCTION PHASES

Staging of the excavation and construction works are related to
the mounting of temporary bracing elements followed by the
mounting of the precast girders on the capping beam by of a 300-
ton mobile crawler crane.

The technological sequences require a constant coordination
between excavation works advancing inside the retaining system
with values of the obtained tolerances being constantly
monitored by on-site measurements.

300t crane for
precast element
mounting

Precast beams

Capping beam

TI 2oy

Excavator

Figure 1. Transverse section for execution staging

A correlation is required between the removal of the metallic
struts and constructing the structure in separate sections through
a correct detailing of the reinforcement and ensuring connection
between concrete elements (perimetral lining with the capping
beam).

Surcharges considered in the initial design of the excavation’s
retaining system were modified on-site and verified taking into
consideration technological and logistical requirements provided
by the contractor as well as limitations and staging adjustments
around the excavation (soil deposits, accesses and material
storage).

Several construction phases imposed a rigorous study, a
conclusive example being represented by crane positioning next
to the excavation pit, limited by the inclination of the mobile
crane’s lever and the distance from the excavation, as well as
other non-uniform loads that may appear generated by
surcharges resulting from usage of several equipment at ground
level due to overlapping work sequences.

5 CONCLUSIONS

This paper has set out to present the successful implementation
of an integrated design between specialties and the means
adopted to deliver an efficient project by using advancements in
information technology and civil engineering from several
branches.

The project’s complexity lied in the coordination process
between several administrators, local authorities and service
providers. Given the great number of the entities involved in the
process, in terms of over time development, risk mitigation is
important in assessing potential legal and institutional changes
over the project’s implementation phase.

Return of experience gained from the Decebal Parking project
is essential to providing a standard approach and methodology



for ensuring a future of similar developments within congested
urban areas in terms of improving parking and traffic conditions
by adopting mixed civil and geotechnical engineering solutions.

Figure 1. Aerial view of the on going works (intermediate phase)
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