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Abstract: Special aspects of the two-year (2018-2019) geotechnical monitoring for the parking buildings in use and
their deformational behavior are presented in the article. In 2005, open-type car parks No. 1 and No. 2, fell into the
influence zone of a two construction projects, a railway line construction, which connects Vnukovo-1 airport and
Kievsky railway station in Moscow, and construction of the new Vnukovo-1 airport building.The article discusses
tasks to ensure serviceability of existing buildings. Geotechnical monitoring during building operation allows for a
timely documentationof negative processes occurring in building structures and to make prompt decisions to prevent
emergencies. Geotechnical monitoring is carried out according to a specially developed program that includes a set of
works using various methods. This allows us to assess the state of the supporting structures of the monitored buildings
to ensure their strength, reliability, and safe operation.

Keywords: geotechnical monitoring building structures, safety, reliability, parking.

OIIBIT IPUMEHEHUA 'TEOTEXHUYECKOI'O
MOHHUTOPHUHI'A HA TAPKUHI'AX OTKPBITOI'O THUITA

EM. I paznosa
HaunoHnanbeHbli necnenoBaTesibckuil MOCKOBCKHM rOCYyJapCTBEHHBIN CTPOUTEIIbHBIN YHUBEPCUTET,
r. Mocksa, POCCHI

AnnoTtauus: B nanHoli craThbe paccMOTpeHbl 0COOCHHOCTH NpoBeaeHus aByxJjaeTHero (2018-2019 roasl) reorexHnye-
CKOTO MOHHUTOPHHTA 3a Ie(hOpMaIIMOHHBIM IIOBEJACHUEM 3KCIUTYaTUPYEMBbIX 3aHH MAPKUHTOB, TPEACTABIIIFOIINX CO00I
aBTOCTOSHKHU OTKpBITOTO TUNA Nel u No2, monaBmux B 2005 roy B 30HY BIAUSHUSL CTPOUTENHCTBA KEJIE3HOIOPOKHOM
BETKH, COeANHsIoNIEeH asponoptT BuykoBo-1 u Kuesckuii Bok3an B MOCKBeE, U B 30HY BIUSIHUSL CTPOUTENHCTBA HOBOTO
3maHusi a’porniopra BHykoBo-1. B cTarbe paccMOTpEHBI BONPOCHI 00CCIICUCHUsT IKCIUTYaTallMOHHOW MPHUTOAHOCTH
CYIIECTBYIOIIUX 31aHuil. [IpoBeeHrne reoTeXHNYECKOr0 MOHUTOPUHTA B IIPOLIECCE IKCILTyaTalluK T03BOJISIET BOBpE-
M3 3a()UKCUPOBATh HETATHBHBIC MIPOIECCHI, TPOUCXOAIINE B CTPOUTEIBHBIX KOHCTPYKIHUSX U MPUHATH ONICPaTHBHBIC
peleHust sl NpeJoTBPAllleHUs aBapUHHBIX cuTyauuid. ['€0TeXHUYEeCKU MOHUTOPUHT MPOBOJIUTCS MO CHEUATBLHO
pa3paboTaHHOW MporpaMMe BKIIOYAOINICH MPOBEICHUS KOMIUICKCA pa0OT C MCIOJIb30BAHUEM Pa3JIMYHBIX METOJIOB.
DTO MO3BOJSET MOJYYUTh OICHKY COCTOSHHS HECYIIUX KOHCTPYKIHI HaONIOJAeMbIX 3[aHHUI M1 00CCIeUCHUS UX
MPOYHOCTH, HAJICKHOCTU U 0E30MACHON IKCILTyaTalUH.

KaroueBrblIe cjioBa: reOTEXHUYECKHUM MOHHUTOPUHT, 6630HaCHOCTL, HaJIC’)KHOCTh, KOMITJICKCHBIC HaGJ’IIOZ[eHI/ISI
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INTRODUCTION

Geotechnical monitoring is widely used to assess
reliability and of operation of structural elements
in a building, both during construction and during
its service [1-11]. With its help it is possible
to document negative processes occurring in
building structures.This will allow us to make
prompt decisions to prevent emergencies, and
thereby to save significant material resources.
Acomprehensive assessment of the structure state is
done according to the monitoring results.Behavior
of foundations, soil bases, and aboveground
structures is predicted.In the event of negative
processes development in structures, suggestions
to repair and strengthen building structuresare
developed.

In this article, we will focus on the results of
geotechnical monitoring carried out by MGSU
from 2018 to 2020. Geotechnical monitoring
was done for the technical condition of building
structures and base soils of the open-type parking
lots.

During this period, operated parking buildings
No. 1 and No. 2, located at the forecourt of the
Vnukovo-1 airport, were under comprehensive
observations of their deformation behavior.

MAIN PART

During construction period (2005) of the railway
line connecting the Kievsky railway station in

Moscow and the new building of Vnukovo-1
airport, as well as during the construction of the
newest building of Vnukovo-1 airport, these car-
parks fell into the influence zone of these objects
under construction. To ensure the airport operation
at that time, it was decided to preserve car-parks
No. 1 and No. 2. (Fig.1,2).

Three-tier open-type parking buildings were
built in 2004. The construction volume of each
car-park is about 44.3 thousand m?. The level
of responsibility is normalin accordance with
GOST 31937-2011 [19]. Car-parks have a framed
structural diagram. Frame of the buildings is made
of reinforced concrete columns with a section of
40x40cm. Column grid is 6 + 7.2m x 5.1 + 7.2m,
with monolithic beam floor structures in the form
of 20 cm thick slabs on beams with a rib section
of 40 + 30 cm. The structure of the covering is
similar tothat of the floor structures [12—18].
The foundations under the columns are pedestal
footing, made of monolithic reinforced concrete.
The depth of the foundations is 2.9 m.
Geotechnical monitoring of the technical condition
of car-parks' structures was done by MGSU from
2005 to 2012.

Inspections of the car-parks No. 1 and No. 2
buildings carried out in 2016 by OOO "RSP" and
00O "Tekhmeh", allowed to generally assess the
state of building structures as "Operational to a
limited extent".

In this regard, owner decided to conduct
geotechnical monitoring to assess the changes in
technical state of car-parks' structures over time,

Figure 1. Car-park No. 1. General view of the facade

Volume 17, Issue 1, 2021

Figure 2. Facade fragment of the Car-park No. 2.
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to timely take appropriate measures to prevent
negative consequences during their operation.

In April 2018, a corresponding agreement was
signed with MGSU. Starting from May 2018 and
to the present time, MGSU conducts geotechnical
monitoring of car-parks No. 1 and No. 2, in
accordance with the approved program.
Geotechnical monitoring program of the observed
buildings includes assessment of load-bearing
structures state to ensure their strength, reliability,
and safe operation, based on a set of works using
various methods. The monitoring program ensures
following operations:

— geodetic monitoring with recordings of vertical
displacements (settlements);

— object monitoring — a visual and instrumental
surveying, which allows to assess the current
technical condition of the main load-bearing
structures of buildings;

— electrical contact dynamic sounding of soils.
This type of sounding allows us to study the
geological section at a point to a depth of 1011
meters and to determine physical and mechanical
properties of soils;

— seismic/acoustic sounding of foundations, to
determine the depth of the foundation base, state of
the foundation-soil contact, state of the foundation
material and to detect large defects and cracks in
the body of the foundation.

For the period from May 2018 to September
2019, four cycles of observations were carried
out, excluding the initial one. The next fifth
cycle was planned to be completed in March
2020, but due to the COVID 19 epidemic and
repair works on car-parks, this monitoring cycle,
in agreement with the owner, was postponed to
October 2020.

The 1st and 2nd cycle of geodetic monitoring
carried out at Car-park No. 1 showed that the total
settlement of the building of car-park No. 1 does
not exceed the maximum permissible value. The
maximum sag on the marks installed in the middle
of parking flooring structure span also does not
exceed the maximum permissible value;
According to the results of the 1st and 2nd cycle of
visual and instrumental surveying of the Car-park
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No. 1 bearing structures, an increase in the area of
damage to floor slabs was noted.

Damage to floor slabs manifested itself in the
form of wetting, efflorescence, swelling of the
paint layer and traces of rebar corrosion on the
lower surface of the slabs. There was also an
increase in the area and the appearance of new
areas of concrete protection layer destruction with
exposure of reinforcement rebars. There was an
increase in slab sag between dilatation joints, loss
of the bearing capacity of the beam and flooring
structure due to systematic soaking (Fig. 3,4).
Category of the technical condition of structures
was assessed in accordance with GOST 31937-
2011 [19], based on the results of 2nd cycle
of geotechnical monitoring of car-park No. 1.
In accordance with [19], for the period of the

Figure 3. Car-park No. 1. Destruction of the
concrete protective layer.

Figure 4. Car-park No. 1. Efflorescences on the
flooring surface at the dilatation joints.
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survey, flooring structures (slabs and crossbars),
coverings, floors and roofing were in "operational
to a limited extent" state. Technical state of the rest
of the structures was confirmed as operational.

An analysis of all results of the car-park No. 1
surveys for the period of the 2nd monitoring cycle
allowed us to draw conclusions about stability, at
that time, of the technical state of foundations and
base soils, however, trend to an increase in damage
of the above-foundation building structures with a
deterioration in their technical condition ntinued.
The results of the survey showed that further safe
operation of Car-park No. 1 is possible for the next
2 years (until February 2021). To extend the life of
car-park No. 1 until 2024 it is necessary to carry
out repair and restoration works: replacement of
asphalt-concrete floors with waterproofing of the

L
Figure 5. Car-park Nel. Dilatation joints and
flooring structure after repair.

-y 1 o -
Figure 6. Car-park Nel. Reinforced flooring
structure beam.
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flooring structure; creation of dilatation joints in
the new floor; restoration of a protective layer
of concrete in places of destruction; injection of
cracks with an opening width of more than 0.3-
0.4 mm.

According to the assessment of damageability,
performed according to the method [20], the
residual operation time of the Car-park No. 1
structures was 2 years.

During the 3rd cycle of visual and instrumental
survey for the period from February to June 2019
at Parking No. 1, as predicted in the 2nd cycle,
there was an increase in the area of damage
in the form of wetting, efflorescence, swelling
of the paint layer and traces of corrosion of
rebars on the bottom surface of the slabs. Area
of concrete protective layer destruction with
exposure of reinforcement rebars also increased,
and appearance of the new areas with such damage
was noted. There was an increase in slab sag
between dilatation joints. The bearing capacity
of the beams and floor slabs in some areas was
completely exhausted due to systematic soaking.
Noted damage was caused by the accumulation
of melt and rainwater in the lowered area of the
covering, which developed especially intensively
in the winter-spring period.

In accordance with [19], at the time of the survey,
category of the technical condition of the flooring
structure area of the 2nd and 3rd floors was
assessed to be in emergency state, and category
of roofing, covering, flooring structures and floors
was assessed as operational to a limited extent,
technical state of the rest of the structures was
assessed as operational.

Analysis of all survey results carried out within the
3rd cycle of geotechnical monitoring allowed to
draw conclusions about stable technical condition
of the foundations and soil bases. But, at the
same time, the operated to a limited extent and
emergency state of the flooring structures in certain
areas and likelihood of further development of
damage, and, as a consequence, the deterioration
of'the technical condition of the above-foundation
building structures in the winter-spring period
were confirmed.
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It should be noted that in connection with the
appearance of emergency areas, service life of
the car-park No. 1 before the major repairs was
exhausted.

Thus, as of June 2019, further safe operation of
Car-park No. 1 without restrictions was possible
not only after a complex of repair and restoration
works indicated earlier, but also after taking
measures to strengthen individual structures. At
the end of June, car-park No. 1 was closed for
repairs.

Due to the need to strengthen individual sections
of the flooring structures, MGSU developed a
project, according to which reinforcement was
carried out.

At the time of the 4th cycle of geotechnical
monitoring in September 2019, repair and
restoration work on the building of Car-park No.
1 was almost completed.

During repair and restoration works, following
repairs of following elements were carried out:
protective layer of concrete in damaged areas;
dilatation joints; metal mesh fencing; individual
sections of flooring structures (Fig. 5, 6)

As a result of the repair and restoration work
carried out at Car-park No. 1, previously identified
defects and damages affecting the bearing capacity
of building structures were eliminated. Technical
condition of building structures and the building as
awhole as of September 2019, according to GOST
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31937-2011 [19], was assessed as corresponding
to the norm.

2nd cycle of geotechnical monitoring at Car-park
No. 2 and analysis of the obtained results testified
to the stability, at that time, of the technical state
of the foundations and soil bases, however, there
was a trend to an increase in the damageability of
the above-foundation building structures with a
further deterioration in their technical condition.
(Fig. 7,8)

Assessment of the technical state of Car-park No. 2
by the results of the geotechnical monitoring cycle
showed that, in accordance with [19], columns,
flooring structures, coverings, floors and roofings
are in a operational to a limited extent condition.
The rest of the structures are operational.
Damageability assessment carried out according
to the method [20], showed that the residual
operation time Car-park No. 2 structures is absent.
In this regard, MGSU recommended to close the
parking lot and carry out a complex of repair and
restoration works with strengthening of individual
structural units.

Based on the results of the 2nd cycle of geotechnical
monitoring, Car-park No. 2 was closed by the
ownerfor repair and restoration works.

By the time of the 3rd cycle (June 2019), repair
works at Car-park No. 2 were completed.
Based on the results of the monitoring, bearing
and enclosing structures were brought into a

Figure 7. Car-park No. 2. Destruction of the
plaster layer of the columns.
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Figure 8. Car-park Ne2. Reinforcement rebar
corrosion marks on the concrete surface
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normative state. According to the assessment of
damageability [6], it was found that further safe
operation of Car-park No. 2 is possible until 2024.
Residual operation time before major repair works
as of June 2019 is 31 years.

During the 4th cycle of visual and instrumental
survey in September 2019 no increment of existing
and formation of new damages was found on the
building of Car-park No. 2. It should be noted
that as of September 2019, settlement values of
the foundations of the Car-park No. 1 and No. 2
are within the measurement accuracy and do not
cause concern.

CONCLUSIONS

Realized comprehensive geotechnical
monitoringprogramon the state ofopen-type car
parks’structural elementsover a two-year period
allows us to draw the following conclusions:
—as part of geotechnical monitoring, it is necessary
conduct complex, mutually complementary
surveys. The combination of geodetic, surveying,
geophysical and computational-analytical
methods allow for timely detection and prevention
of the possible emergencies in building structures
at an early stage of their development;

— geotechnical monitoring during operational cycle
for the buildings affected by the new construction
several years ago, ensures safety and reliability of
building structures

— as part of the monitoring, engineering proposals
were developed to prevent and eliminate deviations
exceeding permissible values.Implementation of
thoseproposals was monitored;

— it was found that the highest intensity of damage
to car parks’ structural elementswas observed
during the winter-spring period due to wetting,
efflorescence, destruction of concrete protective
layer, exposure and corrosion of rebars;
—assessed impact of damage to building structures
on their reliability,discovered during geotechnical
monitoring allowed to determine remaining
lifetime for safe operation of car parks.
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