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Monitoring of deep excavations in Istanbul 
Surveillance d'une excavation profonde manuscrit dans d'Istanbul 
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ABSTRACT 
As a cosmopolitan city, Istanbul has a population over 12 million. Thus, new residences are needed to be built. However, there is also
lack of space for buildings, especially for car parks and shops, so deep excavations are unavoidable. Two deep excavations 
neighboring important buildings are being excavated in Istanbul. The soil profiles of both of the sites consist of recent fill at the 
surface and Thrace formation below. However, although it was not observed during the borings, shale layer has also been encountered
during excavation. Since the retaining system was designed depending on the soil profile at the site, when the shale layer appeared at
the façade revisions has been done during process. It was an advantage to have monitoring before and during the excavation, to
prevent any harmful movement. The retaining system and its elements will be presented in details in the paper, with the importance of
the inclinometers, what they had showed and how did they prevented a collapse. 

RÉSUMÉ
Comme ville cosmopolite, Istanbul a une population plus de 12 millions. Ainsi, de nouvelles résidences sont nécessaires pour être 
construites. Cependant, il y a également de manque de l'espace pour des bâtiments, particulièrement pour des parkings et des
magasins, ainsi les excavations profondes sont inévitables. Deux bâtiments importants voisins d'excavations profondes sont excavés à
Istanbul. Les profils de sol de tous les deux emplacements se composent de la suffisance récente sur la surface et la formation de
Thrace ci-dessous. Cependant, bien qu'on ne l'ait pas observé pendant les sondages, la couche de schiste a été également produite 
pendant l'excavation. Depuis que le système de retenue a été conçu selon le profil de sol à l'emplacement, quand la couche de schiste
est apparue aux révisions de façade a été fait pendant le processus. C'était un avantage pour avoir la surveillance avant et pendant
l'excavation, pour empêcher n'importe quel mouvement nocif. Le système de retenue et ses éléments seront présentés dans les détails
dans le papier, avec l'importance des inclinomètres, ce qu'ils avaient montré et comment ils ont empêché un effondrement. 
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1 INTRODUCTION 

As a cosmopolitan city, Istanbul has a population over 12 
millions. Thus, new residences are needed to be built. However, 
there is also lack of space for buildings, car parks, shopping 
centers, congress centers, etc. So, deep excavations are 
unavoidable. Like many other similar projects, two towers for 
residences and a hotel were designed in 2005, at one of the 
crowded regions of Istanbul. Also, another deep excavation to 
construct two auditoriums and exhibition halls as an extension 
to an existing congress center has been designed.     

For the hotel project, in order to encompass ten basements 
for an underground car park and a shopping center, a 40m 
deep excavation was designed. For the congress center, seven 
basements were designed and so a 33m deep excavation was 
required for auditoriums and exhibition halls. Depending on 
the soil profiles at both sites, the retaining systems were 
designed with bored piles and ground anchors. The retaining 
systems and their engineering behavior during the 
construction phase will be explained in details in the 
following headings. 

Monitoring is also another subject that has supreme 
importance for deep excavations (Puller 1996). Both 
construction sites are neighboring some important structures, 
such as one is located next to one of the stations of Istanbul 
Subway and the other is located adjacent to the high rise 
Military Hotel and the historical Military Museum. So, 
monitoring was important before, during and after the 
excavations. Therefore, inclinometers were installed around the 
earth retaining systems, together with dilatometers and 
tiltmeters in the adjacent buildings for this purpose. The 

importance of monitoring of earth retaining systems will be 
explained in this paper.  

2 CASE 1- THE HOTEL PROJECT 

The construction area of the hotel and residence towers is in 
Mecidiyekoy and adjacent to a metro station and a major street 
on the south. There are high rise buildings on the east and west 
and those buildings are only 10m to 15m away. Dimensions of 
the excavation in the plan were 310m x 65m with excavation 
depths of 20m at the north and 40m at the south. The building 
consisted of two towers for residences and a hotel and 10 
basements for car parking and shopping facilities. The hotel 
tower is 58m high with 17 floors and the residence tower will be 
135m high with 38 floors. The plan of the site showing the 
surrounding buildings and the retaining system is given in 
Figure 1.  

Figure 1. Site plan of the hotel and residence towers 
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2.1 Site investigation and soil profile 

In order to determine the soil profiles and obtain the soil 
properties to design soil models for geotechnical analysis, 
extensive soil investigations were conducted at Mecidiyekoy 
site.   

12 borings having 30 to 50 m depth that penetrated at least 
5.00m below the maximum excavation depth were drilled at the 
construction site of the towers. Locations of the borings are 
shown in Figure 1. Standard penetration tests were conducted at 
every 1.50m and core samples were taken in rock layers.  

Depending on the boring results, the soil profile at towers 
area mainly consists of two layers. There is a heterogeneous fill 
layer at the surface. The thickness of this fill layer is about 
4.5m~10.0m. Following that layer there lays Thrace formation 
as the bedrock, which has the property of hard clay at the upper 
parts. The upper part of the bedrock is light brown-yellow and 
has many joints and its RQD is less than 25%. Thrace formation 
attains weak-moderate strong rock properties with depth having 
RQDs in the range of 25-50% (Saglamer 2005). Thrace 
formation is not a water bearing stratum. Ground water 
observed during the borings was the circulation water of 
borings. 

2.2 Retaining structure of the towers 

The excavation for the foundations of the two towers with 17 
and 38 floors above ground level and 10 basements is 40m 
deep at south and 20m deep at north. The retaining system 
was designed and construction was supervised by ENAR 
consulting engineers. A typical section of the earth retaining 
system is given in Figure 2. While designing the retaining 
system the soil profile, depth of the excavation, rock quality, 
rippability, neighboring structures and city utilities were taken 
into account.  

Since the required excavation depth was to be 40.0m at the 
deepest part, the retaining system consisted of two levels of 
bored piles. The bored piles were φ 65 in diameter and 24.50m 
long at the first level and 18.00m long at the second level. 
Center to center spacing between piles was s =1.20m. A 1.0m 
wide berm was left between the first and second stages of the 
retaining system. Piles were socketed 1.50m to the bedrock 
under excavation base level. The bored piles were tied back 
with ground anchors of various lengths and inclinations up to 
25° (Figure 2). At the upper levels of the excavation, shotcrete 
lining was used to prevent material flow between bored piles 
and wale beams. The depth at the north edge of the excavation 
was relatively shallow and there was enough space for a sloping 
excavation, so a soil nailed wall with shotcrete lining was 
employed to support the excavation at this part.  

Figure 2. Typical cross-section of the retaining system for towers 

While the excavation was at 25.00m depth on the west side 
of the pit, inclinometer measurements indicated that there was a 
sudden increase in lateral deformations of the retaining system 
at a certain zone. It was observed that the soil profile at this 
local zone was made of heavily crushed dark-gray colored 
graphitic mudstone having some organic content and exhibiting 
over consolidated clay properties, which had not been 
encountered during the soil investigation. This mudstone layer 
has swelling potential when there is an increase in moisture 
content and loses its stability when horizontal stresses are 
released due to excavation. Laboratory tests performed on 
samples recovered from this layer revealed swelling pressures in 
order of 60 to 100 kPa. Thus, there was an unprecedented 
increase in soil pressures exerted on the earth retaining system 
at this zone due to swelling pressures and over consolidated clay 
like behavior of the mudstone. As a remedial measure to control 
the horizontal displacements, a back fill was placed as a toe in 
front of the last stage of the excavation. Piles having D = 100cm 
diameter and L = 21.00m length were constructed from the top 
of this back fill as a third level of piles (Figure 3). A 1.80m 
wide berm was left between the second and the third levels of 
piles. These piles were socketed 6.0m into the bedrock under 
the base level of the excavation. Three levels of ground anchors 
were designed to tie-back the third level piles at the beginning 
but four anchor rows were constructed based on the monitoring 
of increasing displacements as the retaining system continued to 
displace after the first anchor row was excavated and 
prestressed.  

Figure 3. Modified retaining system at the deformed facade on west 

3 CASE 2- THE CONGRESS VALLEY PROJECT 

The congress center is neighboring the military hotel and 
military museum at north and Hilton Exhibition Center at west. 
Construction area of the congress center is approximately        
14 000m2. The building will encompass 5 floors above ground 
level and 7 basements. Basements occupy the whole site thus 
neighboring the existing roads and buildings. A plan of the site 
showing the surrounding buildings and the earth retaining 
system is given in Figure 4. 

3.1 Site investigation and soil profile 

7 borings having 25m to 40m depths were drilled at the 
congress center construction site. Standard penetration tests 
were conducted in soil layers in every boring and core samples 
were taken in rock layers to determine TCR and RQD values.  

Data obtained from the borings revealed that soil profile at 
the congress center consists of two layers, a recent fill at the 
surface and Thrace formation below the fill layer. The fill layer 
is about 0.80m to 3.00m thick. Following the recent fill, there is 
Thrace formation formed by stratification of sandstone-
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siltstone-claystone. This formation has weak rock properties 
with RQD values less than 25% (ENAR 2007a). As Thrace 
formation is not a water bearing stratum, no ground water was 
observed during borings.  

Figure 4. Site plan of congress center (ENAR 2007b) 

3.2 Retaining structure of the congress center 

The retaining system for the congress center having a maximum 
excavation depth of 33.00m was designed and supervised by 
ENAR consulting engineers. A one stage earth retaining system 
consisting of D = 1.00m diameter and 35.00m long bored piles 
with s = 1.20m center to center spacing had been designed. 
During the drilling of piles it was observed that there was a hard 
sandstone rock layer at 12.00m depth which made piling 
execution almost impossible. Therefore, the original design had 
to be modified. The first stage of the excavation was supported 
with 12.00m long piles. Below that, reinforced concrete walls 
with d= 40 cm thick was adapted to support the rock surfaces. 
The retaining system was designed as a permanent wall to 
comply with the requirements of the structural engineer so that 
the earth retaining wall does not exert any soil pressure on the 
basement walls of the main structure. A section of the earth 
retaining system is shown in Figure 5.  

Figure 5. Cross-section of the retaining system for congress center 
(ENAR 2007b) 

While continuing the excavation adjacent to the Military 
Museum, a sudden increase in deformations in inclinometers 

occurred. The soil profile at this local zone appeared to consist 
of graphitic mudstone again which had not been encountered 
during the soil investigation borings. Similar to the mudstone 
layer at the construction site of the towers in Mecidiyekoy, this 
mudstone layer also had swelling potential and was highly 
fractured exhibiting hard clay type behavior. When excavating 
in front of the retaining system without paying attention to the 
excavation sequence and allowable excavation width, the lateral 
earth pressure behind the bored piles increased causing 
increasing displacements in the retaining walls (Peck 1969).   

Following the movements of the retaining structure, at that 
section an additional precaution was taken and 15.5m high back 
fill toe was placed. Then, the first design has been realized and 
65cm diameter bored piles were drilled in front of the reinforced 
concrete wall. A 1.50m wide berm was provided between the 
wall and the second level of piles. These piles were socketed 
5.0m in the bedrock under the base level. The system has been 
tied back with 6 levels of ground anchors (Figure 6).  

Figure 6. Modified cross-section for the displacing section of the 
retaining system for congress center (ENAR 2007b) 

4 MONITORING 

Monitoring of deep excavations and neighboring structures is 
indispensable in order to avoid unprecedented risks. Monitoring 
systems are installed on elements of the retaining system to 
follow up their behavior during and after the excavation 
(Saglamer 1985). In order to monitor and control displacements, 
inclinometers were drilled on top of the excavation behind the 
piles. Readings were taken for two times a week till the 
construction of the basements was completed. For critical 
sections, some inclinometer readings were performed daily. 
Tiltmeters were also mounted on the walls and slabs of the 
Military Hotel and Military Museum to follow displacements 
and angular distortions.  

Monitoring proved its importance, when lateral deformations 
on the retaining systems and settlements on the adjacent 
structures occurred.  

Inclinometer readings facilitate the engineer to control the 
movements and take remedial measures during deep 
excavations (Saglamer et.al. 2007). As can be understood from 
the paragraphs above, the common factor on the unexpected 
increase of deformations in both retaining systems were the 
presence of the graphitic mudstone in the soil profile that had 
not been encountered during borings. When the displacement-
excavation depth graphs in Figure 7 and Figure 8 are studied, it 
is readily seen that the displacements take place following the 
each excavation stage, especially for large unsupported faces. 
Swelling pressures exerted by the mudstone layer accelerate 
displacements.  
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Figure 7. Deformation-excavation depth diagram for tower project  
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Figure 8. Deformation-excavation depth diagram for congress center 
project  

5 CONCLUSION 

Implementations of two deep excavations that have been carried 
out in adverse soil conditions at the center of Istanbul have been 
outlined in this paper.  As the construction sites are adjacent to 
major roads, subway stations, and some high rise or historically 
important buildings, the design of the retaining systems had 
limitations. 

The soil profile at both sites mainly consists of two layers. A 
fill layer was at the surface and the Thrace formation was laying 
below the fill layer. This soil profile made it easy to design the 
retaining systems with bored piles and ground anchors with 
various lengths and inclinations up to 25°.  However, although 
it had not been encountered in borings, a highly disintegrated 
mudstone layer exhibiting swelling clay properties was 
encountered during excavations at both sites.  Immediately after  

this, extensive displacements started emerging. So, additional 
remedial measures were taken, similarly explained by Candogan 
& Saglamer 1991, and an additional row of bored piles were 
drilled. The distance between the bored piles were 1.10m and 
1.20m in the towers project and congress center project, 
respectively. High capacity anchors were also used as horizontal 
retaining elements for the deforming sections. Before and 
during the excavations, periodic monitoring of deformations has 
been carried out at both sites. Monitoring helped to control the 
movements and to take measures before large and destructive 
movements took place. Readings were repeated twice a week, 
or daily for some inclinometers at critical sections. When we 
look at the records, it is apparent that the rate of the movements 
increase as the excavation gets deeper. This trend ends when 
construction of the basement floors and the fill between the 
building and the retaining system have been completed.  

As a conclusion, we can say that although some risky 
situations appeared in the retaining walls and some minor 
cracks occurred on the walls of the buildings around the 
excavations, the deep basement excavations have been 
completed successfully with no social or economic lost. It is 
clear that monitoring the earth retaining systems and adjacent 
buildings, strictly applying principles of geotechnical 
engineering and following the rules set by regulations and 
specifications are very important for deep excavations, 
especially in congested urban areas.  
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