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1. INTRODUCTION

Fortunately, major failures of buildings and facilities 
occur comparatively rarely, but in case of their 
occurrence, result in significant social and material 
damage, especially if they are associated with 
casualties.
As a rule, the building failures related to ground beds 
and foundations are the most destructive, and they 
are caused by errors in designing, construction and 
operation of facilities. In many cases, such failures 

result from the integrated interaction of  components 
of such causes.
From the technical point of view, the building failures 
are due either to soil forced out from underneath the 
foundation bed (loss of ground bed stability), or to 
large and unacceptable settlements for given type of 
a building and their non-uniformity (unacceptable 
deformation of ground bed). Generally, the destruction 
of the foundation material is observed not very often.
As a rule, the engineering information on building 
failures is extremely rare, therefore, all the more 
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useful to study and analyze the available data in 
order to accumulate experience and to prevent 
disasters from occurring, failure conditions or major 
destructions of buildings in the future.
During the last decades in Saint Petersburg, the 
cause pattern essentially changed regarding the 
destruction of adjacent buildings when new buildings 
are being constructed. Thus, if in 1960–1990 the 
building deformations were be prevalent during 
operation (70%) in relation to technological causes 
of deformations (30%), then since 1990 up to date, 
this ratio is 35% to 65%.
Departure from the construction practices in 
new construction and sometimes even simply 
gross mistakes in construction of the foundation 
beds and foundations are the causes for major 
deformations (including hazardous ones) of the load-
bearing structures of the buildings and facilities of 
surrounding development.

2. HAZARDOUS DEFORMATIONS 
OF ADJACENT BUILDINGS IN 
CONSTRUCTION OF NEVSKY PALACE 
HOTEL SUBSTRUCTURE ON NEVSKY 
PROSPEKT, ST.PETERSBURG

In 1992, it was started the reconstruction of the 
Baltiyskaya Hotel and its remodeling as modern 
Nevsky Palace Hotel. The high status of the hotel 
required that an underground car parking was 
constructed under the main part of the building 
(Figure 1).
The designing and reconstruction were carried out by 
foreign companies. It was not planned to underpin 
the foundations of the hotel facade part facing 
Nevsky Prospekt and the foundation on the side of 

the additional entrance from Stremaynnaya Street. 
These parts of the building are supported by the old 
rubble stone foundations. 
On the side of Nevsky Prospekt, the foundations 
under the facade wall are rubble-stone ones formed 
by bedding limestone on  sand-and-lime mortar and 
have the bed depth of  2,95 m. Timber sleepers were 
found under their bed.
After the central part of the hotel, a 8-m deep pit 
was excavated and around it, a diaphragm wall was 
constructed that was made of secant (having an 
intersection) augured cast-in-situ piles  20 m  long 
with a cross section of  D=0,8 m. The piles were 
made using the technology of drilling with casing 
pipe and delivering concrete through a tremie pipe 
from bottom upwards.
Initially, cracks started appearing in the surrounding 
buildings during the penetration of the first ten pipes. 
Apparently, it was occurring the consolidation of 
the bearing layers of the ground bed – fine-grained 
and silty sand under the foundation beds of these 
buildings – and the destructuration of the underlying 
stratified thixotropic sandy loams and loams. In 
the process of the construction operations, cracks 
continued opening and new cracks appeared. It might 
be associated with the destructurated water-saturated 
soils flowing in through the open end of the pipe and 
then being taken off by an auger.
The most considerable damages occurred in the 
nearby buildings in the process of constructing 
"even" piles when drilling in the concrete of 
the previously constructed piles. Obviously, the 
vibration action that takes place in drilling of the 
"primary" piles with special-purpose drilling tools 
provided with three-cone bits around the perimeter 
resulted in the thixotropic destructuration of soil 
and the deterioration of its strength and deformation 
properties. The soil transformed into the running state 
and, in the absence of so-called "soil plug", easily 
got through to the bottom of the borehole, which 
led to an additional scope of the soil excavation in 
drilling the boreholes and to the development of wider 
subsidence trough. These deformations has major 
effect on the further damage to the masonry strength 
of the nearby buildings. The settlements of 17 and 13 
cm occurred at the nearest points of the foundations 
of the buildings in Nevsky Prospekt that were located 
nearby the excavation pit.

Figure 1. Diagram of underground car parking 
construction under Nevsky Palace Hotel

Mangushev R., Osokin A.



49Volume 16, Issue 3, 2020

The resulting deformations in the envelopes of the 
surrounding buildings lead to the relocation of the 
inhabitants of five buildings in Nevsky Prospekt and 
neighbor Stremyannaya Street (Fig. 2).

3. ATTACHING OF TWO NEW BUILDINGS 
ON DRILLED CAST-IN-SITU PILES TO 
EXISTING BUILDING OF OPERATING  
NEVSKY PALACE HOTEL

At the end of 2005, in the place of the demolished 
buildings at 55 and 59, Nevsky Prospekt, the works 
started to construct the foundations of new buildings 
for the Corinthia Nevsky Palace Hotel.
It was planned to construct Buildings No. 59 (without 
basement) and No. 55 with a basement 4,5 m deep 
on drilled cast-in-situ piles 32 m long and 880 and 
620 mm in diameter using a casing pipe.
The demolished buildings were seriously damaged in 
1992 when a diaphragm wall was constructed by the 

с)
 Figure 2.   General view of hazardousdamages of 

buildings in the vicinity of hotel in Nevsky Prospekt 
(a and b) and Stremyannaya Street (c)

b)

a)

Figure 3. Layout of seismic pickups, settlement 
benchmarks and tell-tales;

Legend: ■ – seismic receiver installation points;
----- – Outline of excavation pit;  

▬ – Tell-tale and its number;
▲ – Settlement benchmarks; Monitoring well o 

control underground  water level (measurement of 
piezometric level); 

● – Test piles and its number; 
○ – Anchor piles  
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tangent pile method for the underground car parking.
Prior to starting the works, the buildings in Nevsky  
Prospekt and Stremyannaya Street surrounding the 
two construction sites were surveyed and fitted with 
tell-tales installed on the existing cracks and with 
deformation benchmarks for geodetic monitoring. As 
an example, Figure 3 shows the as-built diagram of 
the layout of seismic pickups, settlement benchmarks 
and tell-tales of the monitoring wells to monitor the 
underground water levels, etc.
In total, observations were carried out twice a week for 
95 benchmarks and more than 50 tell-tales. Four wells 
were used to monitor the underground water levels [ 1 ]. 
When carrying out the works related to underpinning 
of the foundations and ground beds of the buildings 
surrounding the construction site by the method 
of injecting cement grout into the contact area, as 
well as when constructing the foundations of the 
drilled cast-in-situ piles, their vibration impact on 
the enclosing structures of the neighboring buildings 
was controlled. 

The foundation of the neighboring building, which 
was erected in the beginning the XIX century, were  
the stone masonry, but the down part of it put granite 
steening. This was required use injection of the 
compound cement mortar  to provide the continuity 
of foundation before piling work (Fig. 4a). Figure  
4b shows a process of underpinning the building 
foundations using the Hilty equipment.
Figure 5a shows a picture of the process of  measuring 
vibrations of the walls of the surrounding buildings. 
The taken measurements of the vibration acceleration 
in the load-bearing structures of the buildings 
allowed establishing, in particular, that the process of 
underpinning the foundations and ground beds is safe, 
according to the technology applied, for the walls of 
the building, and that it was not acceptable to use more 
than one drilling rig at a time on the construction site.
At the simultaneous operation of two and more 
self-propelled drilling rigs of the BG 25 type, the 
measured  vibration acceleration in the building walls 

Figure 4. Underpinning of  foundations and ground 
bed of building in Stremyannaya Street (a and b)

a)

b)

a)

b)

Figure 5. The complex science investigations 
on the construction site: taking vibration 

measurements during the construction of drilled 
cast-in-situ piles (a); the stamp test of the soil on 

the bottom pile’s level (b).
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exceeded the maximum permissible values b) and 
might cause the structures to be destroyed.
Prior to starting the mass construction of the drilled 
cast-in-situ piles, the static tests were carried out on 
test piles, and the tests showed that their load-carrying 
capacity was at least 2000 kN, which is considerably 
higher than their design load (Figure 6).
Further in the mass construction of the above piles, 
random sampling was performed regarding the 
quality and integrity of the body of the drilled cast-
in-situ piles by non-destructive testing integrity of 
the body of the drilled cast-in-situ piles by non-
destructive testing methods using seismic-acoustic 
instrument IDS-1  [ 2 ]
The monitoring of the settlement benchmarks 
on the neighboring buildings showed that, when 

constructing the piles for the new Hotel building at 59 
Nevsky Prospekt, the additional deformations of their 
foundations were less than 20 mm and no damages 
occurred in their superstructures.
As sheet piling for an excavation pit 4,5 to 6,2 m deep 
for an underground floor of a new Hotel Building at 
55 Nevsky Prospekt, it was used the Larsen IV pile 
sheeting driven by a Muller non-resonant vibration 
generator in the area along Stremyannaya Street and 
the ALCELOR jacked pile sheeting driven by a press 
system of cassette type installed on a base of a Banut 
655 pile-driving machine (Figure 8 a and b). 
Back at the time when the non-standard additional 
settlement started developing, a decision was made to 
underpin their ground beds and, for one of the wings, 
to strengthen the superstructures with metal bands. 
The pile sheeting was jacked along Building No. 53, 
Nevsky Prospekt. At different depths along the line 
of the pile sheeting jacking, various inclusions were 
encountered in the form of timber sleepers, old rubble 
stone foundations and large boulders. To withdraw the 
inclusions, a trench was excavated down to a depth 
of 2,7 m. This resulted in additional settlement of 
approximately 25 mm for the buildings at a distance 
of less than 2 m from the excavation pit. In the 
following pit excavation, these settlements increased 
and reached up to 60 mm for individual benchmarks.
The geodetic monitoring of the facade verticality for the 
existing Hotel building showed its deviation up to 50 
mm from the vertical line towards Nevsky Prospekt. In 
view of that, a prompt decision was made to underpin the 
foundation of that wall with drilled injected piles 14 m 
long and 150 mm in diameter. The action taken made it 
possible to complete the construction of the substructure 
and to start constructing the superstructures [3].
Further geodetic monitoring of the settlements for 
the new buildings and the neighboring buildings 
identified no hazardous tendencies. By the end of 
the construction, the settlements of the new buildings 
did not exceed 30 mm, and the settlements of the 
neighboring buildings stabilized.
At the end of May 2009, the new Hotel buildings 
were successfully commissioned (Figure 9).

4.CONCLUSION

The experience of this construction showed how 
important is to comply with the requirements of 

Figure 6. Static tests of piles using hydraulic jacks

Figure 7. The cross section of the basement  and 
piles with the difference depth according of the 

level bearing capacity  soils.
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the construction operations method and to take into 
consideration the specific engineering and geological 
conditions of a given construction site. Our experience 
shows that even the use of the most state-of-the-art 
foreign technologies without adapting them to the 
application in soft water-saturated silty-clayed soils of 
Saint Petersburg may result in dramatic consequences. 
Thus, the use of secant augered cast-in-place piles for the 
pit sheeting without a special-purpose cutting working 
head that allows minimizing the dynamic action on 
soft soils becomes unacceptable and hazardous when 
constructing in the compact building systems. Later 
on, domestic geotechnical companies began using, in 
construction of pit sheeting of augered cast-in-place 
piles, a system of adjoining piles injecting cement 
mortar between them.
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