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Deep excavation in stiff clay: design, construction and monitoring 
Excavation profonde in argile rigide: projeter, execution et observation

R.Szepeshàzi — Széchenyi Istvàn University of Applied Sciences, Gyôr, Hungary 
L.Radvânyi & J.Szorényi -  Bohn Foundation Engineering Ltd, Budapest, Hungary

ABSTRACT: Design, construction and monitoring methods and experiences of 12..18,5 m deep excavations for a business and office 
center in Budapest are presented. Anchored pile walls and steep slope nailed and protected by shotcrete were used for supporting in a 
stiff overconsolidated clay. Displacements, anchor forces and groundwater levels were measured. The main experience was the occur
rence of quite large wall movements caused by deformation of soil zones behind and in front of wall.

RÉSUMÉ: On présente les méthodes de conception, de réalisatio et d’observation de l’excavation profonde de 12..18.5 m d’un centre 
commercia et d’affaire à Budapest ainsi que les expériences y acquises. Un mur en pieux forés ancré et un talus raide cloué et protégé 
par du béton projeté étaient mis en place comme soutènement dans l’argile rigide surconsolidée. Ce sont les déplaçements, les forces 
d’ancrage et le niveau de la nappe phréatique qui étaient mesurés. La déformation des zones de sol derrière et devant le rideau a 
provoqué des grands des déplaçements du mur ce qui était l’expérience principale.

1 INTRODUCTION

A new business and office center named MOM-Center are 
building in Budapest as an investment of a German group. For 
underground garages 2 deep excavations were needed having 
depths of 12,0...18,5 m and areas of 120x145 and 35x120 m. 
These dimensions itself made the project to a challenge, while 
other circumstances made it more different.
-  The ground condition was formed by a heavy overconsoli

dated clay with some disturbed zones (Horusitzky 1935).
-  In the surroundings buildings, roads public utility lines were 

to be protected.
-  It was required by the environmental local government to 

maintain the original groundwater level after the construction.
-  In Hungary there was no experience in tasks having such di

mensions and conditions.
-  The time schedule of the project needed an extremely rapid 

execution.
-  The quite big struggle for the work between the foundation 

companies required cheap solutions.
The geotechnical preparation of the work was suitable for 

these difficulties. The soil and hydrological investigations and 
reports should be on high level. That is why experts from Ger
many and Hungary were involved. Laboratory soil investigations 
were executed at the University of Gyor.

Competition was conducted giving all the requirements, but 
letting the solution open for competitors. After some discussions 
the work was given to Bohn Ltd that gave a more cheaper solu
tion than others. The excavation were executed from August 
1998 to July 1999. The structures of garages in the excavations 
were finished in April 2000 and the supporting system fulfilled 
his task after backfilling between the supporting system and the 
outside garage walls.

2 SOIL AND GROUNDWATER CONDITION

The underground of the largest part of the construction site 
was formed by a more or less homogenous soil mass classified 
by soil mechanicals as heavily overconsolidated stiff clay and by 
geologists as weathered claystone. Its water content decreases 
with the depth, from about 20 % at the surface to 10 % at 20 m.

Based on CU triaxial tests shear parameters were given in prin
ciple of the Eurocode 7. as can be seen in Table 1. Young- 
moduli were given by values of 50...60 MN/m2, but they were 
the most uncertain parameters as it is usual for such soil types.

Table 1. Soil parameters for the design

Soil

Depth

Type 
t m

Brown clay 
<12

Gray clay 
>12

Mean (P 0 26 32

values c kN/m2 75 50

Minimum <P ° 25 30

value c kN/m2 40 0
Characteristic <P ° 25 30

values c kN/m2 50 20

It was found that the stiff clay has a susceptibility to volume 
change and to break in little fragments. That is why it was im
portant to choose execution methods which can keep the original 
soil condition and the favorable parameters given in Table 1.

On two sides of the excavations disturbed soil zones were ex
plored. These consisted of blocks having high strength, but also 
of fissures and joints between the blocks having little shear re
sistance. It was almost impossible to characterize these zones by 
parameters and to estimate exactly their local behavior under the 
construction.

Groundwater was found only in the upper 5 ...6 m zone and it 
has a seepage falling slightly. In deeper zones water was only 
explored in joints o f the disturbed areas. The hydraulic relations 
between these different types of groundwater were very com
plex. That is why the effects of the groundwater on the support
ing system and on the stability of the excavation, and inversely, 
could not be exactly foreseen. As it was mentioned, the ground
water levels after the construction should be replaced in its 
original condition, and their disturbance under the construction 
should be minimized as possible.

The lack of knowledge referring to the soil and groundwater 
condition and the requirements mentioned should be taken into 
account at the designing. In such cases flexible changeable sup
porting system should be composed and the observational 
method should be used as it is recommended by Brandi (1982) 
and newly Katzenbach & Moormann (1999).
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3 DESIGN

To fulfill all the requirements mentioned previously, the follow
ing structures were designed:
-  the lower part of the excavation was supported everywhere by 

CFA pile wall anchored in one or two levels with drainage 
sheets and shotcrete between the piles,

-  for the upper part two solutions were designed: generally 
steep slopes nailed and protected by shotcrete and nearby ad
jacent houses, or where there was not enough place similar 
pile walls as in the lower part.
At the disturbed zones strengthening by long bored nails and 

anchors were foreseen in places where its necessity should be 
established.

The drawing in Figure 1 and the picture in the Figure 2 show 
the two types of the designed structures.

To sure the original groundwater level after the construction,
-  the space between the lower pile walls and outside walls of 

the garages should be backfilled with compacted clay to 
achieve a watertightness,

-  while in the upper part a perimeter drainage system was de
signed around the garage walls with header pipe on the level 
of the head beam of the piles.
Some additional interesting details of supporting structures 

were composed for example at the connection of the the 2 exca
vation.

The calculations were carried out according to principles of 
the German, the Hungarian and the new European Standards 
Eurocode 7.

Fig. 1 The supporting system used sloped upper zone with dates 
(day.month) on the excavation or backfill levels

Fig. 2 The supporting system with piled upper part

The overall stability was checked by slope stability analyses 
computer program ALLPLUS developed by Nemetschek. That 
checked the sliding on circular surface according to Bishpo 
method and sliding of wedges according to Janbu method. The 
last one is similar to the checking of the general stability ac
cording to Krantz in the anchoring design. Safety factors about 
1,8 are determined taking into account the characteristic values 
of the shear strength.

The steep slopes nailed and shotcreted were calculated in the 
similar way using slope stability analyses programs with the pos
sibility of considering also the nails.

The anchored pile walls were calculated by a Hungarian 
computer program made by Z. Czap. It takes into account a lin
ear relationship between the earth pressure and the wall move
ment while the soil is between the active and passive limit 
states, and it calculates with the Rankine pressures once the limit 
states are reached. Coefficients of soil reaction were taken into 
account by values of 25...40 MN/m3 and anchor stiffnesses were 
involved by 5...1 MN/m. Wall stiffness was reduced to 85 % 
supposed stress condition II in the piles (Marte 1998).

The pile wall was checked by calculation method suggested 
by EAB in Germany, too.

The anchoring were designed according to empirical dia
grams of Ostermayer (1982), and for anchor length of 8... 10 m
900... 1000 kN failure loads were estimated and with a safety 
factor of 1,5 accepted. At the beginning of the execution these 
expected high bearing capacities (Fig. 1) were verified by 2 pull 
out tests on the site.

The horizontal movements of the supporting system were es
timated by using the equations given by Kempfert (1992) and 
empirical data (See newly Clough & O’Rourke 1999,) 30...40 
mm were presumed and it was decided that at arriving 50 mm 
(0,3 % of the excavation depth) complementary measures should 
be put into action.
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Some data of the main works show the size and difficulty of the 
execution:
-  total volume of the earth work: 340.000 m3,
-  total pile length: 11.500 m,
-  total anchor length: 7.100 m.

To produce these works under the short time available, the 
earth work and the construction of the support system should be 
well organized, which was needed to fulfill also the static re
quirements. The organization became more difficult because of 
the necessity of the use of the observational method in parts 
having uncertain soil and groundwater condition.

For example, such productivity should be achieved:
-  earth work: 5.000 m3/day,
-  piling: 20 piece/day.

At the slope protection the most important thing was to nail 
and cover the soil after the excavation as soon as possible to pre
vent it from reduction of the strength. In the parts of the areas of 
disturbed soils the excavation was performed in sections not only 
in the vertical but also in the horizontal direction after observing 
some local slidings on surface inclined to excavation. Moreover,
10 m long bored but not pre-stressed anchors were completed in 
the same parts in height of 5 m.

The CFA piles were made by CMV and Hydroc machines, 
which used a control system measuring among others the con
crete pressure as main data for assuring the pile quality. The 
good quality was really to be verified after the excavation and 
could be seen on Figure 2.

Below the shotcrete on the slope and between the piles geo
textiles or drainage sheet were lain where it was necessary be
cause of the groundwater. In some parts where extensive ground
water seepage was observed, also 5.. 10 m long drainage boring 
were completed. But in the lowest part of the pile wall where no 
water and hard clay were found, even the shotcrete was left.

The anchors were bored with air, injected 4times and pre
stressed to the l,25times of the design loads and fixed at 450 or 
560 kN, which were about the characteristic value of the loads.

Summarizing, the execution was performed according to 
structural and organizational design without any problems and 
damages in the surroundings. To that, the use of principles of the 
observational method for the critical parts was indispensable, 
which was based on an extensive monitoring system and a con
tinuous inspection performed by geotechnical experts.

4 EXECUTION

5 MONITORING

A monitoring system was running under and particularly after 
the construction in an extent that has never been before in Hun
gary. The following measuring were designed and executed con
sidering the technology steps :
-  inclinometer measuring in 6 verticals behind the pile wall for 

establishing the horizontal movements by a device developed 
at the University of Gyor,

-  anchor forces measuring in similar 6 verticals for establishing 
the anchor force changes by a hydraulic device, which can be 
screwed on the anchor head, and which measures the force by 
whom the anchor head can be moved from the wall,

-  settlements measuring on 75 points of the surroundings in 
about 20 m distance from the excavation by leveling,

-  sliding micrometer measuring in 4 points within the excava
tion for establishing the rise of the base by a Glôtzl device,

-  groundwater level measuring in 7 verticals around the exca
vations by 15 observation wells.
The most important data for the use of observational method 

were established by the inclinometer measuring. The borings 
were deepened beneath the pile base by 7 m. At the evaluation of 
the measured data it was assumed that the lower 2 m of the bor
ings stayed in their original position. A set of measured results 
for a verticals is shown in the Figure 3-4.

60

horizontal displacem ent e (mm)

50 40 30 20 10 0 -10

Fig. 3 Wall movements measured by the inclinometer (see the cross sec
tion and the excavation or backfilling levels in Figure 1.)

It can be seen that the movements were
very large and rapid directly after the excavation phases and
they still increase in about a year after the excavation,
larger because of the soil deformation according to Kempfert
(1992) than that follows from the wall deformation,
near by 60 mm at this vertical but between 35 and 50 mm at
other points, slightly over the expected values.

01.03 21.06 11.10 31.01 22.05 11.09 01.01 23.04

t im e  t  (day.m on th )

Fig. 4. Increase of the wall movements with the time
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The anchor forces were measured immediately after the pre- 
stressing, and the used fixing forces were established by only lit
tle differences. Later an increase by maximum 10. ..20 % was 
registered, which verified the wall calculation.

The measured settlements remain in general below 10 mm. 
About 20 mm were only measured in a critical part. The reason 
of these little values can be likely explained by the reason that 
the rise caused by the decrease of the surcharge mostly compen
sated the vertical component o f the movement in the slope direct.

The sliding micrometers measured about 0,3 % (3 mm/m) 
values at the excavation base as a maximum rise and they de
creased almost linearly with the depth arriving at 0 % in 12.. 15 
m. The rise of excavation base were stopped only after building
2...3 garage levels, and a maximum rise value of 25 mm was 
established. It is to mention that the main reason of this measur
ing was to observe as early as possible the rise caused by water 
pressures, which was feared by some experts. (See Thut 1999.)

The observation of the groundwater gave the following expe
riences:
-  in a distance of 10 m from the excavation sides no depression 

was measured, which is to explain by the little soil perme
ability,

-  the pressure heights in the joints decreased by some meters 
parallel with the excavation and increased after the backfill
ing,

-  the levels below the cut base did not change under the con
struction.
These observations showed that

-  the danger of a hydraulic fracture on the base existed,
-  it is enough to provide the base below the garage by a drain

age layer and no concrete plate is necessary,
-  the replace of the original groundwater condition is to hope. 

Some other observations are to be mentioned:
-  in some parts of the surface in a distance of not more than 5 

m thin cracks were found after the excavation and they closed 
after some days,

-  cracks were observed on the piles at about the place of the 
maximum moment after the rapid excavation and they closed 
shortly, as well.
These signs showed together with the measured horizontal 

movements that the calculation was quite sharpened.
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6 CONCLUSIONS

The project brought favorable experiences which could be util
ized at other works under similar conditions.
-  The good properties of a stiff clay can be kept by suitable 

structures and construction methods, which make it possible 
to use economical solutions for supporting excavations.

-  The problems caused by such groundwater condition can be 
solved by such open structures and drainage system, and thus 
consequences of seepage water can be avoided and the struc
tures should not be calculated against water pressures.

-  The chosen technologies are ideal for accommodating to 
changeable conditions and uncertain soil behaviour if appro
priate monitoring and controlling systems are used.
But the experiences should warn the designers, as well.

-  The horizontal movements can be really so large at excava
tion of such a depth because of the soil deformation behind 
and in front of the wall and they can be reduced only by 
longer anchors than it is needed because of the overall stabil
ity (Kempfert & Raithel 1998).

-  The rapid excavation can be dangeoruos for the soil and con
crete structures because some time is necessary for soil 
movements, which are needed to decrease the earth pressures.

-  The used structures can be considered as a limit for an eco
nomical solution, a more audacious one may not designed 
even if the competition for a work could incite to the oppo
site.
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