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Geotechnical aspects regarding the construction of Bucharest Subway
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ABSTRACT: The paper discusses in brief the complex relationship between the geotechnical and
hydro-geological conditions and the underground construction ofthe Metro System in Bucharest

1 INTRODUCTION

1.1 Bucharest subway network

Bucharest benefits from the rich metro network that
has about 60 km route in function.

There are also 1 l km of route that are under
construction, of which 4 km will be finished in the year
2000.

Due to the lack of investment funds, around 7 km
of already finished underground structures are being
preserved waiting for the moment when the works will
start again.

Since the beginning of the design activity (1975)
and the achievement of the existing underground
structures some serious phenomena referring to the
ecological aspects where identified, such as:
- changes of the hydrostatic level;
- settlements of the land surface, sometimes even until
collapse, accompanied by the modification of the
compaction degree ofthe soil;
- deterioration of nearby underground structures, etc.

All of these unwanted events required special
remedial works for preventing extended damages.

The purpose of this paper is to present the natural
and artificial factors that caused the aspects mentioned

above, exemplified by case studies.

1.2 Specnic geological, geo-morphological ana'
hydro-geological conditions in Bucharest city

The capital of Romania is situated in the South-Central
part ofthe historical region, known as Walachia, in the
morphological unit named the Romanian Plains.

The area ofthe territory of Bucharest city is included
in a circle with a diameter of about 22 km.

The morphology of the area on which the town has
developed is plane with a microrelief resulting from

erosion and sedimentary processes which occurred
along two valleys, in the South the valley of
Dambovita River and in the North the valley of
Colentina River (Figure 1).

The two streams almost parallel with the NW - SE
line had in the past a path with large meanders, close
to which there are small depressions in which the
surface waters and the water of the springs situated at
the bottom of the slopes accumulated. Marshes were
formed, which are now hydrotechnicaly drained.

The city center developed in the interfluvium area,
on an almost plane surface, which presents from NW
to SE a l-3 %o slope with elevations between 87-80 m
relative to the Black Sea level.
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Figure l. Schematic map of Bucharest



From a geological point of view the structural frame
specific to the Romanian Plains due to the
neo-tectonical movements, is one of a synclinal with
a subsidence character, oriented SW-NE, on which
Neogene and Quaternary deposits have accumulated.

Bucharest is placed in the axial area ofthe synclinal,
where the thickness of the sedimentary deposits is
more than 1000 m.

This fact explains the seismic character ofthe region
due to the lack of a rigid foundation near to the surface
made of hard rocks.

The lithological succession in Bucharest up to the
Quaternary period is made of alternating lithological
complexes that contain either non-cohesive soil such
as sands with gravel or only sands, or cohesive clayey
layers.

Taking into account the geotechnical information
resulting from over 2000 geotechnical drillings, using
the classification made by the geologist E. Liteanu
(1952) the following Quaternary strata have been
identified (Figure 2);
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Figure 2. North-South lithological cross-section

- Type 1 stratum: recent fillings compound of vegetal
soil and recent fillings, with variable thickness ranging
from 0.80 m to 15.00 m;
- Type 2 stratum: Upper Silty Clay Complex, is
constituted of loess formations, sometimes with sand
layers having a thickness up to 15.00 ni.
- Type 3 stratum: Colentina Gravel Complex, a
compound of gravel and sand (with large
granulometry variability) and frequently with clayey
sub-layers, water bearing with a variable phreatic level
from -1.50 m to -14.00 m. The thickness of this soil
layer locally reaches 20 m.

The specific average permeability coefficient of this

aquifers is between 50 m to 250 m per day .
- Type 4 stratum: Intermediate Clay Complex, a

compound of alternate brown and gray clays, with
confined sandy layers. The thickness of this layer
reaches a 20 m maximum in the North of the city but
towards South it is very thin, until disappearance.
- Type 5 stratum: Mostistea Sands Complex, a
confined water bearing layer which is made of fine
gray sands with lenticular intercalations of clays. Its
thickness varies from 10.00 m to 15.00 m. Sometimes

the underground water communicates with the upper
unconfined layer such as the water pressure level is
approximately the same as the phreatic level.
- Type 6 stratum: the Lacustrine Complex is made of
clays and silty clays, with small lenticular sandy
layers, more frequently situated at the top-of this
complex.
- Type 7 stratum: Fratesti Sands Complex, is the high
depth water bearing stratum, made of sands and
gravels, from which industrial and drinking water is
usually pumped out.

For the mass transit system underground structures
we are interested in the superior Pleistocene-Holocene
deposits, starting with type 1 stratum down to type 5
stratum, because the metro network in Bucharest is a

small and medium depth type subway, with a
maximum depth of 22.00 m.

The hydrogeological conditions are characterized
by a phreatic water table located in the Colentina
Complex and under pressure underground waters
located in the Mostistea Complex.

The underground water table is currently situated at
a depth of 4-10 m in the interfluvial area between
Dimbovita River and Colentina River, a depth of
4-8 m to the South of Dimbovita River and 6-12 m to
the North of Colentina River.

As one can easily see, there are difficult soil
conditions for the construction of a subway network
in Bucharest.

2 TUNNELING TECHNOLOGIES

2.1 Tunnel design

In choosing the appropriate construction technologies
some key factors have been considered:
- Environmental conditions of the location and the
geotechnical and hydrogeological characteristics of
the soil layers present.
- The impact of the underground works over the
underground public utility networks or the surface

streets apd road.
- Provision of as much as possible surface traffic for
public transportation and protection for the nearby
buildings.
- Optimal cost, technical simplicity and the shortest
time of completion ofthe works.

The results of hydrogeological and geotechnical



surveys finally lead to conclusion that the lithology
along the planned underground network is very
non-homogeneous, in both vertical and horizontal
plane, with cohesive and non-cohesive discontinuous
layers in alternating dispositions. These layers are of
relatively recent age and the underground water level
is often near the ground surface.

Under these terms the most appropriate solution has
been to choose a small depth underground tunnel. So
it was proposed to build the underground passenger
stations and the rectangular tunnels by cut-and-cover
methods with a l.5 m minimum ground cover or
circular twin TBM tunnels with a 5-6 m minimum

ground cover.

2.2 Cut & cover tunnels

For the cut-and-cover underground structures
(rectangular tunnels and stations) the following basic
technologies have been used:
- reinforced concrete walls (diaphragm walls, secant
pile walls, tangent pile walls, sheet pile walls) with
steel struts, prestressed tie-backs or self supported.
- lowering of the underground water table by water
wells systems.

The diaphragm walls were installed with ELSE and
KELLY equipment, the bottom depth ranging among
20-30 m below ground surface.

The dewatering wells were placed inside or outside
the excavation.

Often the underground lines undercrossed the
Dambovita river and Colentina river and a long part of
the first metro line is nearby the Dambovita river.

The underground structures were:
- structures with cast in situ reinforced concrete raft

and walls made of low water permeability concrete;
- cast in situ or precast reinforced concrete upper
slabs;
- cast in situ reinforced concrete intermediate slabs and
columns.

2.3 TBM tunnels

For the TBM tunnel drives (circular tunnels)
Romanian tunneling shields have been used.

The TBM shield was open-face, with manual
excavation.

This technology was first used in 1975. The
transport and evacuation of the excavated muck and
the mounting the reinforced concrete lining rings was
mechanized.

For l m tunnel advance, the technology comprises:
- the excavation phase and TBM advance;
- erection of the pre-cast reinforced concrete
segmental lining rings (five segments plus one key
segment).

- soil grouting and water proofing outside the lining
ring.

The TBl\/Is were launched into large shafts that were

later used for the technological facilities such as water
pumping stations of ventilation shafts.

3 LOCAL CONDITIONS AND TUNNELING
METHODS

3.1 Ground settlement

The tunneling technology employed was accompanied
by ground surface settlements caused by soil loosening
due to the excavation of the tunnel.

The size of these settlements was related to different
factors such as:

- the nature and the status of the alluvia soil;
- the depth of the underground excavation;
- the hydrodynamic level achieved.

These elements were recorded and various
quantitative and qualitative interpretations of the
influence of the specific tunneling technology used
have been performed.

ln order to determine the real effects of the tunnel
excavations and to set the technical measures in order

to avoid excessive settlement ofthe ground surface the
following elements have been regularly monitored:
- the underground soil lithology in the front shield;
- the volume of seepage measured in the tunnel front;
- the settlement of the nearby buildings and
underground water pipes and sewers;
- the quantities of sand extracted from the dewatering
wells;
- the correct guidance of the shield;
- the quantity of grouting;
- the degree of loosening of the soil after the tunnel
drive.

- the behavior of the nearby buildings.

3.2 Hydro-geological impact

The execution of the cut and cover rectangular tunnel
sections and of the passenger stations when these are
perpendicular relative to the underground water
streams may cause the so called "dam phenomenon".

This is due to the reduction of the fiow section of

underground water which leads to higher ground water
levels upstream and lower water levels on the opposite
side.

To avoid this negative phenomenon, the tumiel
constructions were provided with drainage pipes to
maintain the initial hydrostatic aquifer level.

Sometimes, non-observance of the construction
technology, the presence of the failing sealing of
construction joints determined suffosion phenomena,



accompanied by ground settlements ofthe surface and
damage to the nearby buil_dings.

3.3 Other negative effects

A special problem was the physical and chemical
degradation of the soil.

Deterioration produced to the public utility
networks, especially the sewerage system, caused
polluted water exfiltrations, contaminating the
phreatic aquifer waters with major impact on the
pollution of the environment.

Another aspect was the corrosion effects of the
environmental factors over the underground
structures.

4 CASE STUDIES

Some of the above mentioned environmental effects
have been observed related to the construction of the

subway tunnels between "Vlahita" start pit and
"Nicolae Grigorescu" underground station.

Due to a lack of financing funds, the construction
works have been stopped for a relatively long period
of time after the excavation of the tunnels. The tunnel

waterproofing grouting works have also been
interrupted.

The underground water table raised after water
pumping from the dewatering wells system ceased.
Only occasional pumping of the water seepage was
maintained and this fact caused uncontrolled
extraction of large quantities of water together with
small particles of fine sand from the surrounding soil

which quickly developed into suffosion phenomena
and ultimately lead to large deformations ofthe tunnel
lining that indicated local loss of stability ofthe tunnel
structure.

At the ground surface large settlements appeared
and local ground collapse. Displacement ofthe lining
segments damaged a portion of the concrete tunnel
rings and emergency consolidation works consisting
of the installation of temporary steel struts was
necessary to be performed in order to stop this
dangerous evolution.

Soil investigations by static and dynamic
penetrometry showed that the degree of compaction of
the ground surrounding the tunnels was badly altered,
causing a low passive bearing capacity which
explained the large displacements recorded for the
tunnel lining.

To stop the water influx with small particles of sand
and to strengthen the ground around the tumiel, it was
necessary to perform soil consolidation and
waterproofing grouting with bentonite-cement
suspensions from the inside of the tunnel, with

grouting pressures ranging up to 6 bar.
Another special case of suffosion was observed at

the St. Spiridon Church. Located in the nearby
vicinity, the underground tunnels have a rectangular
shape.

A defective joint between two panels of the
diaphragm wall allowed a strong hydrodinamic inflow
of underground water ata depth of 21 m below ground
level which caused a local collapse ofthe ground under
the church foundations and the differential settlements

of these foundations produced a large fracture into the
old masonry structure.

The strengthening of the ground and restoration
works started immediately, using cement grouting
drillings from the ground surface. The cement
suspension filled the voids into the ground and
restored the initial compaction of the loosened ground
and then increased the bearing capacity of the
foundations in order to allow for the additional loads

due to the structural works. A precision level
monitoring system which continuously recorded the
movement of the fractured structure was installed

which signaled any dangerous movement during the
controlled grouting works.

Another case study regards the impact of the
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Figure 3. Botanical Garden cross-section
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Figure 4. Vertical cross-section of gravity drainage

This can be clearly seen by examining the situation
of the underground tunnel section between "Eroilor"
station and the Botanic Garden where the tunnel runs

alongside Dambovita River (Figure 3).
Installing the diaphragm reinforced concrete walls
caused a break down of the communication between

the phreatic water and Dambovita River and thus
produced a general increase of the underground water
level due to the obstrued stream flow.

This initial effect was some years later amplified by
the construction of the subway tunnels between
"Eroilor" station and "Politehnica" station and the

hydrotechnical harnessing of the river and induced
substantial changes in the natural flow of the phreatic
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Figure 5. Horizontal cross-section of gravity
drainage

In order to minimize these problems, the subway
tunnels were provided with vertical and horizontal
drainage ducts that re-established the communication
between the water bearing strata and restored the initial
underground water level (Figure 4 and 5).

This system of gravity drainage gave very good
results during operation and sometimes even a
lowering of the initial water table has been recorded.

5 CONCLUSIONS

The design and construction of the underground
subway structures is based on:
- the calculus value of the geotechnical characteristics
of the soil;

- the hydro-geological parameters of the permeable
strata.

A correct interpretation of these factors enables an
optimal and efficient design.

Special attention should be given to long term
ecological effects of these underground construction
in order to avoid major disturbances.
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