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For ensuring sage conditions of maintenance of buildings and structures, primary
importance is supporting of its due technical state, displaying of its physical depreciation and
causes, which determine its technical state. The vibration, among of all types of mechanical
effects, is the most dangerous for engineering structures. The destruction of structures comes
by vibrational influences under conditions of resonance. This process is very fast and it comes
frequently. Accordingly the influence of long term dynamic and vibratory loads on bearing
structures of the Ammonia Refrigerating System (ARS) building on pharmaceutical
enterprises in Lviv has been investigated. It is developed the option of basements
reinforcement by using of drill piles and concrete jacket. Recommendations of taking
measures for elimination of factors which led to damage and destruction of constructions have
been formulated.

Key words: beam, armature, vibratory and dynamic loads, reinforced concrete
structures, basement, levers, engine room.
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Juasi 3a0e3medyeHHst Oe3aleYHUX YMOB eKcILIyaTamii OyAiBesb i cropya nepmiopsiiHOro
3HaYeHHs] Ha0yBa€ MiATPUMaHHSA HAa HAJIe)KHOMY PiBHi TexHiuHOro crany OyaiBeiasb i cnopyn,
BUSIBJICHHSl CTyNeHA iX ¢Gi3M4HOro 3HOCY Ta MPUYHUH, 110 3yMOBJIIOIOTH iXHiil TeXHIYHUIi cTaH.
BiOpamiss cepen Bcix BHAIB MeXaHiYHMX BIUIMBIiB [JIfi TeXHIYHUX 00’€KTiB Haii0inbII
HeOe3neyHa. 3HAKO3MiHHI Hampy:KeHHs, CIPUYMHEHi Bi0Opaui€lo, CNPUAIOTh HAKONMUYEHHIO
NMOLIKOMKeHb B MaTepianax, nosBi TpimuH Ta pyiiHyBanHio. Haiiuacrtime i 1oBosi mBuako
pyliHyBaHHA 00’€kTa HacTae mnpu Bi0OpaniiHMX BIJIMBaX 3a YMOB pe3oHaHcy. 3HauyHi
MOIIKO/IKEHHSI 00CcTeKYBAaHOI OyAiBJi BUHUKIM BHACTIIOK il HEHAJIEKHUX YMOB eKCIJIyaTamii
Ta BUKOHAHHSAM OyAiBeJBLHUX POOIT i3 BJAIITYBaAHHA KOHCTPYKUiH mix yac 3BegeHHs OyaiBIi.
IlepeBa:xHO e €cTOCYEThCSA (PYHAAMEHTIB Ta CTiH, sKi 3a3HAJM HANOINBLIIMX pYyHHYBaHb Bil
NOCTiHHUX JUMHAMIYHMX BIJIMBIiB Ta BiOpamii. IlocTiiinuii nuHamiyHuii BIUMB BiOpauii Ha
(pyHZaMeHTH CTBOPIOIOTH KOMIIpecOpH, fAAKi po3MimeHi y MammHHomy 3aii. Ille 6inbmum €
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BIUIMB Bi0Opauii BHacainok BigcyTHocTi AedopmaniiiHoro msa Mik 0eTOHHOI HiAJIOT0I0
MAIIMHHOIO 3aJy Ta (GyHIaAMEHTAMH KOMIIpPecopiB, a TaKoK BiACyTHicTh AedopmauiiiHoro
IBa MiXK 0ETOHHOI0O MiAIOro Ta criHamu OyaiBjai. DyHaaMeHTH OYIiBJII TaK0X MOCTiHHO
NiIMUBAIOTHCA BilNPanbOBAHMMM BOAAMHM Ta MalOTh HEHAJIEKHY TJIMOMHY 3akjagaHHd i3
Pi3HOI0 OCHOBOKO OMUPAHHA iX MigomBHU. Y HauIii po0OTi MU BKa3y€eMO Ha OCHOBHi MPUYMHH,
AKi NMpuBeqM 10 pyliHyBaHb (yHIamMeHTIiB Ta cTiH OyaiBai AXY i mpomonyemo meroamn
BUPillleHHS] YCYHeHHS INHAMIYHUX, BIOpanifiHuX Ta iIHIIUX BIVIMBIB HA KOHCTPYKUil OyAiBeb.
Binnoginno 0y;10 pociigkeHo BIVIMB TPUBAIMX BiOpamiiHUX Ta JUHAMIYHUX HABAHTAKEeHb HA
Hecy4i KOHCTPYKii OyaiBJji amiauHo-x010AM/IbHOI ycTaHOBKH (AXY) Ha dapManeBTUHYHOMY
nignpuemcTi y M. JIbBoBi. BidyanbHuM Ta iHCTpyMeHTAJIbHUM OOCTEKEHHSIM i KOHTPOJIb-
HUMH PO3pPaXyHKaMHM BCTAHOBJIEHO HeCy4yy 3[aTHICTh Ta NPUAATHICTH [0 eKcIIyaTauii
OCHOBHMX KOHCTPYKTHBHHMX ejleMeHTIiB cnopyau. Po3pod.ieHo BapiaHT mincuiennss ¢ynpa-
MEHTIB 3a J0MOMOro OypoHAOMBHHMX Najb Ta 0eTOHHOI copouku. CPopMyJILOBAHO peKo-
MeHIAaUil AJA YCYHeHHSl YMHHHUKIB, ki NpuU3BeJM [0 NOMIKOIXKeHb Ta PYHHYBaHb
KOHCTPYKUii OyaiBai AXY.

Kurouosi cioBa: 0anka, apmarypa, Bidpaniiini Ta quHaMidHI HABaHTAa)KeHHH, 3aJIi30-
0eTOHHI KOHCTPYKIil, pyHIaAMEHT, THKi, MAIIMHHUK 321,

Introduction. The necessity of inspection of buildings and constructions is carried out with the
aim to get objective data about actual technical condition of building constructions considering its
changes over time. There is a change in properties of materials and constructions. As a result the risk of
integrity is increased in the process of exploitation under the influence of aggressive environmental
factors and technological processes (such as long term dynamic and vibratory loads), which lead to
considerable material costs related to the restoration of operational properties of the structures of the
building. Untimely established and eliminated defects of elements of building constructions often grow
into serious damage. It is very important to estimate correctly the condition of structures and equipments
of buildings in time, predict the possibility of developing defects and take measures for its stabilization
and elimination. Vibration is the most dangerous form of the mechanical impacts on the technical
buildings. Alternating stresses caused by vibration contribute to the accumulation of damage in the
materials, the appearance of cracks and destruction. Destruction of the building occurs more often and
rather quickly because of the influence of vibrations under resonance conditions. To ensure safe
operating conditions of buildings and structures, it is important to support buildings and constructions at
the proper state of technical conditions, to find out the degree of physical wearing and the reasons that
determine these technical conditions. It is also important the development of measures to ensure the
normal performance of the constructions.

Significant damages of the surveyed building were caused by improper using of constructions while
building. It concerns basements and walls that were damaged by long term dynamic influences and
vibrations. The previous inspections didn’t solve the issue of reduction of the vibratory influence on
bearing structures. In this work we point to the main causes which led to destruction of basements and
walls of the building of ARS and propose solution methods of elimination of the dynamic, vibratory and
other influences on the constructions of the building.

To get more information we stop on constructive and planning schemes of the ARS building. The
building of Ammonia Refrigerating System is situated on the territory of pharmaceutical enterprises in
Lviv (Ukraine). The building was projected in 1982 and was built in 1984. The purpose of the building is
pharmaceutical production. The category of firefighting building is “B”. The class of explosive danger is
“B-16". The major repairs have not been carried out for all the time of exploitation except repairing of soft
roof and walls reinforcement by using armature levers.

ARS is one-storey brick building of axis “1”...“1/1” and “2”...“3”, two-storey building of axis “1/1”
and “2”, without cellar, rectangular in plan, 6.5 x 22.15 m. in size (Fig. 1 and Fig. 2).
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Fig. 2. Sections 1-1, 2-2

The height of one-storey ARS brick building to the lower part of bearing structures of coating is
6.3 m, the height of every floor of two-storey building of axis “1/1” and ‘“2” is 3.3 m. The building of
Ammonia Refrigerating System is the separate technological construction that is not connected with the
other constructions of the factory. The structural scheme of the brick part of building consists of
longitudinal bearing walls (axis “A” and “B”) and transverse self-supporting walls (axis “17, “1/17, “27,
“3”). The beams for the pendant crane with load carrying capacity of 2 t. are mounted in the engine room
of axis “2”...“3”. The basements under the brick walls are strips, made of prefabricated concrete blocks.
Engineering geological researches were made to carry out the necessary strengthening of the building and
measurements of the basements were determined in the open pits. The second floor prefabricated
reinforced concrete slabs with the round cavities on the mark of 3.300 of ARS brick building are 6000 mm
in length and 220 mm in height. The prefabricated reinforced concrete ribbed slabs serve as coating of the
building of axis “1”...“3” that are 6000 mm in length and 220 mm in height. Such reinforced concrete
coating provides the stiffness of the building along and across. The brick walls are 380 and 250 mm in size
and are made from lime and cement. The exterior walls of axis “1”...“3” are made from the red clay bricks
and the facing layers by thickness of 120 mm are made from silicate bricks. All coverings are also made
from bricks by thickness of 120 mm. The brick building has double slope roof with the inner drain through
one drain funnel.

Analysis of the recent investigations and publications. Having studied the recent investigations and
publications dedicated to the subject of this article we note that all authors pay attention to three basic concepts
that refer to the influence of dynamic and vibratory loads on structures of the building [1, 2]. In the first place
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are sources of vibrations and fluctuations from the foundations of equipments. Building and sanitary-
engineering equipments could be the sources of vibration in housing and public buildings. It also could be
industrial installations and transport facilities which create hard dynamic loadings and which cause spreading of
vibration in the soil and building constructions. Such types of vibration could also be the reason of sound inside
the buildings (underground of a shallow foundation, heavy trucks, trains, trams etc). The foundations of
machines with dynamic loadings are the sources of waves, spreading in soil. The authors note their harmful
effect on constructions of buildings and structures, housing and public buildings with close location.

Fluctuations from the foundations of equipments could cause unequal settling of the basements and
extra tension of buildings with close location, which would be the reason of formation of cracks and future
destruction. Such kinds of vibrations could have an influence on the work of some kinds of machines and
measuring equipments. The waves spreading in soil from low-frequency foundations of machines (with
frequency 400 min™ and less) and fluctuations with frequencies close to the own fluctuations of buildings
have the most influence on the fluctuations of structures of the nearest buildings. The fluctuations from
machines with medium (more than 400 min™) and high (more than 1500 min™) frequencies as a rule are
less dangerous for the nearest buildings [3]. The reason is the absence of conditions for the formation of
resonance fluctuations of the buildings. Using [4], we can determine the level of fluctuations spreading in
soil from foundations of machines according to the formula:

1 L -l
5:[1+(5-1)"] (67+1)43:6

A,,=4, " : )

A, j, — the amplitude of vertical (horizontal) fluctuations of the soil on the surface in the point at the
distance 7 from the axis of the foundation — the source of waves in the soil; 4y ,, ; — the amplitude of free

or forced vertical (horizontal) fluctuations of the foundation — the source at the level of the sole of the

foundation; 6 = r (79 — radius of the sole of the foundation — the source, m, equals \/Z , where A4 — the
0 s
area of the sole of the foundation — the source, m?).

Calculation of the amplitude of fluctuations spreading in soil from foundation — the source according
to formula (1) is done not only in cases, when it is necessary to estimate the influence of fluctuations of
foundations of machines with dynamic loads on the other objects, but also in cases, when it is necessary to
estimate the amplitude of fluctuations of neighboring foundations of machines equal to kinematic impact at
their collective installation in the workshop. The formula (1) is based on the generalization of available
experimental data, according to which amplitudes of spreading fluctuations, when 6 <3 are proportional

1 S : 1
to 5’ but when & > 3 are proportional B

The main means of protection against vibration of various types are using of vibroinsulators (elastic
elements which have a low rigidity). Spring or rubber vibroinsulators are used to reduce vibration, which is
transferred to the bearing structure. Spring vibroinsulators are recommended for the aggregates with the
speed of rotation less than 1800 rpm (revolutions per minute); rubber vibroinsulators are recommended for
the aggregates with the speed of rotation more than 1800 rpm. Steel vibroinsulators which are durable and
reliable at work are used for vibroinsulation at low frequencies.

Machines with dynamic loadings (fans, pumps, compressors etc.) are recommended to be firmly
mounted on the heavy concrete slab or metal frame based on vibroinsulators [5]. Using the heavy slab
reduce the amplitude of fluctuations of aggregate installed on the vibroinsulators. In addition the slab
provides the firmly centering axle and reduces the location of the center of gravity of the installation. The
weight of the slab is supposed not to be less than the mass of the machine, which is isolated. The
foundations of machines with dynamic loadings should be separated with the seam from the adjacent
basements of the building, construction and equipment to reduce the transmission of vibrations. The
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distance between the lateral faces of the foundations of machines and the adjacent basements of buildings
should not be less than 100 mm. It is very important for the periodic action of low-frequency machines and
shock loads machines to arrange a gap between foundations of machines and basements of the buildings.
The following steps could be applied for reducing the amplitude of fluctuations of low-frequency
foundations of machines: to increase the firmness of the base of the foundation by increasing its sole in the
direction of the horizontal loading, arranging of a pile foundation (at vertical loads), chemical
consolidation of soil, arranging of foundation bearer with a firm soil; to equip a common foundation under
several machines; to connect the foundation of the machine with the concrete workpiece [6-8].

The recent researches and publications confirm the fact that the basic requirements for the designing
of foundations, the bases of which are located in the zone of distribution of sources of vibration, are to
determine the safe distance to the source of vibrations on the basis of calculations of bearing capacity and
deformation of the bases, considering the frequencies and amplitudes of fluctuations of the source of
foundation. The safe distance to the object is determined under conditions that the maximum amplitude of
fluctuations of the foundations in combination with the base should not exceed maximum permissible
values of sanitary norms and requirements of legal norms [9]. Calculations of foundations with the bearing
capacity of bases in the zone of influence of sources of vibration should be done taking into account the
voluminous forces of inertia. Settling of foundations with the action of static and dynamic loads should be
determined by using the dynamic characteristics of the soil, having got according to the results of the test
vibration dies or according to the data of experimental tests of foundations by using vibromachines.

Summarizing, we would like to pay attention that the most effective way of designing the foundations,
located in the zone of action of sources of vibration, is to anticipate the measures of reducing the parameters of
dynamic influences in the source — changing the technological process, transferring the source of fluctuations,
vibroinsulationing (spring, rubber, combined insulators etc), placing screens in the form of walls or trenches on
the way of distributing fluctuations from the source, changing the mass of foundation or firmness of the base,
balancing machines, changing the working frequency of machines and mechanisms [10].

Aim of the work. We highlight the main aspects that are the aim of this work:

1) to observe the characteristics of bearing structures of ARS the building of pharmaceutical
enterprises and to investigate the influence of long term dynamic and vibratory loads, using non-
destructive and destructive methods of test;

2) to do visual and instrumental survey of damaging of the building, to do a comprehensive analysis
of its technical condition, to identify the main factors that were the reasons of damaging;

3) to note the high devastating effect of vibration on bearing and fencing structures of the ARS
building, which is the most dangerous form of mechanical influences on technical objects;

4) to make conclusions and practical recommendations for suitability and further exploitation of the
ARS building, having done visual and instrumental survey of the building structures, taking into
consideration the negative influence of dynamic and vibratory loads.

Presentation of the main material. The investigation of the building structures and damaging
of ARS under the influence of long term dynamic and vibratory loads. The basements and walls
suffered the most of the damage of the low-quality constructions, bad exploitation and long term dynamic
and vibratory influences. All of these factors led to an emergency. Let’s dwell in detail on the survey of
basements and walls and point to the main damages and reasons of formation [10—13]. We also focus on
the previous investigations and reinforcement of bearing structures from the influence of vibration loads,
which didn’t give the desirable results (photo 1).

Compressors located in the engine room (axis “27...“3”, “17...1/1” “A”...“B”, photo 2) create a
permanent dynamic impact and vibration on the basements.

The absence of deformation seam between concrete floor of the engine room and foundations of
compressors create even more influence of the vibration. The deformation seam is also absent between concrete
floor and the walls of the building. In 2008 the walls were reinforced with the help of a system of gravity. The
armature @ 28 class A240 was installed in three levels of wall height by the contour of the building [6-8].
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Although that reinforcement created the effect of tapes and reduced the significant development of cracks in
brick walls (photo 3, 4), the destruction of the foundations of the ARS building wasn’t stopped because of the
influence of the vibration from compressors. Besides, the foundations are constantly washed out by the waste
water and have too little depth of laying with different base of supporting of their soles.

Photo 1. The main facade Photo 2. Equipment (compressors) that create
of the building ARS of axis “1”...“3” vibration and dynamic loads on the building

Photo 3. The state of the foundation of wall blocks Photo 4. The state of the foundation wall blocks by axis

by axis “B” between axes “1/1”...“3”. Moving units “A” between axes “2”..." “3”. Deviation from vertical,
by horizontal and vertical seams and by contact of moving units by seams
walls and blocks

Moreover, several areas of small depth of foundation laying from the soil surface were identified by
the results of shurfing. Uneven settling of foundations was as a result. Strong influence of vibration and
further destruction of the tape foundations are due to the fact that the sole of the foundations under the
vibration equipment is at the level or higher than the surface paving of axis “B” and are based on
technogenious and settling soils. Because of this, there is a slope of the foundations of equipment to axis
“B”. The fact of further destruction is based on sliding by horizontal and vertical seams of concrete blocks
and by the contact of walls and blocks. The violation of the verticality of the socle wall and cracks in
vertical seams were also found (photo 3, 4).

A lot of cracks of the walls of the building are seen because of the vibration of compressors and
absence of the strain seams between concrete floor of the engine room and the walls (photo 5, 6, 7, 8§,
Fig. 3, 4). Let’s emphasize that the greatest number of cracks of the walls all over the height of the building
are along axis “B”. This is especially due to the axis “2”...3” and “1”...1/1” where the compressors are
situated and the waste water is drained. Besides a lot of slopping and vertical cracks of the inner wall along
axis “2” are seen. It is related to vibration and defective drainage system of rainwater from the roof through
the drain pipe inside the building. The slope of the cracks of the outside wall along axis “A” and at the
crossing of axis “1”...“A” means the settling of the corner of the building. The defective sewer pipes could
be the reason of such situation. The destruction of brickwork made of two rows of lining above the
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concrete blocks also affects the creating of wall cracks. The lining is made of solid red brick, destroyed at
some places. For today the brand of brick does not correspond to the design.

The development of the width of the opening of the cracks in the brick walls has been a bit stopped a
bit by the arrangement of the system of the levers (from smooth armature class A240 @28), which were
installed in three levels of wall height. Those reinforcement levers created the effect of clips and reduced
further cracks development. However they did not do the main task — to provide the necessary bearing
capacity of the foundations and to stop vibration and exploitation damages (as a result, the whole building
begins to deviate from the vertical).
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Fig. 3 The scheme of location

Fig. 4. The sch locati
of cracks along the axis “B” ig. 4. The scheme of location

of cracks along the axis “1”

Photo 5. Vertical crack ~ Photo 6. Vertical crack of Photo 7. Vertical crack Photo 8. Vertical crack

of the wall along axis “3”  the wall at the crossing of the wall on the first floor  of the wall on the second

between axis “A”...“B” of axis “3"... “B” along axis “2” between floor at the crossing of
axis “A”...“B” axis “A”...“1/1"

The deviation of the Ammonia Refrigerating System building is determined on the basis of
measurements of digital tachometer Trimble M3 5’DR (the serial number No. 131612). The average
deviation is 20-35 mm.

So for further exploitation of this building, we need to take steps on reducing of vibrations on
bearing structures (in particular the walls), arranging the deformation seams, installing the vibration
isolators, doing the necessary foundations reinforcements, excluding the impacts of atmospheric and
technological water on the foundation by [14-20]. Detailed offers for further exploitation of this building
are in part “Summary”.

Conclusions. By the results of visual and instrumental inspection of ARS building we can sum up
the main reasons of walls and basements destruction:

1) too small depth of foundation laying from the soil surface (normative depth of freezing of soil is
not provided for this region of building along axis “A” and “B” and “2”...“6™);
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2) different foundations under the sole of the basements (different types of soils with different
physical and mechanical characteristics);

3) foundations are constantly washed out by the waste water and broken sewerage;

4) compressors located in the engine room of ARS create a permanent dynamic impact and vibration
on the basements;

5) the absence of deformation seam in the building with compressors between concrete floor and
walls from blocks;

6) the sole of the foundations under the vibration equipment (compressors) is at the level or higher
than the surface of paving axis “B” and are based on technogenious and settling soil. Because of this, there
is a slope of the foundations of equipment to axis “B”.

Daily destruction of the walls of the building is formed because of the vibration of compressors and
the absence of the strain seams between concrete floor and the foundations (big vertical and sloping cracks
are formed). The building has also deviation from vertical within 20-35 mm.

We suggest the following steps for bringing out the building from a state of emergency:

1. to avoid more than normal dynamic and vibratory loads or reduce as much as possible their
influences;

2. to do impossible to wash out the foundations by the waste water and broken sewerage (it is
necessary to repair the sewerage); to repair cracks in the floor to avoid getting technical water under the
foundations;

3. to arrange a new construction of the floor in the building with compressors, to provide the deformation
seams between concrete floor and the foundations of vibration machines and the walls of the building;

4. to do paving along axis “B” in a right way, to make a rainwater drainage from the basement by the
perimeter of the building to avoid soaking;

5. to make new beacons on the cracks width of opening more than 5 mm, to observe the width of
their opening;

6. to do reinforcement using drill piles @200 mm with supporting them in the soil 4 or 5 (Fig. 5) for
ensuring the identical settling of the foundations. For creating the hard drive building to make the concrete
jacket for impossibility of further destruction of foundations from vibration influences (Fig. 5).
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Fig. 5. The principle solution of basement reinforcement by using drill piles and concrete jacket
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