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Abstract. During the design, installation and operation of silos, they have defects and damage
of various kinds, which affect the stress-strain state and durability of structural elements. Timely
inspections and determination of technical conditions of structural elements of the structure and the
site as a whole, will establish the possibility of its further safe operation or the need to restore
operational properties by ensuring structural safety and reliability of structures.

Therefore, the development of design schemes, methods of calculating the stress-strain state,
life expectancy and further reinforcement for round reinforced concrete elements of silos with local
damage, is quite relevant.

Improper maintenance and operation of structural elements, as well as errors in the design and
installation in the future lead to unusable for normal operation and sometimes an emergency. The
development of projects to strengthen existing structures is a very responsible matter.

The most common solution for strengthening existing foundations is to increase the area of
support of the foundation cushion, which is not always possible in a compact building.

The purpose of the work is to determine the technical condition of the building structures of
the silo and the results of calculations performed in the PC Lira, to offer options for strengthening
the foundation on a specific example.

Structural solutions of the reinforced concrete monolithic foundation of the silo, the main
defects and damages determined by the technical condition of the structure are given.

For further safe operation of the structure, it is recommended to reinforce the wall foundations
by gluing composite tapes and perform reinforcement of the foundations by controlling the growth
of piles in accordance with the additional working design of the structure reinforcement.

If the latest recommendations on strengthening and adhering to the safe and reliable operation
of construction and structures are followed, further operation of building structures will be safe.

Keywords: reinforced concrete monolithic foundation, foundation walls, silo, reinforcement.

Introduction. Reliability and durability of monolithic reinforced concrete cylindrical silos are
still relevant in connection with damage to walls, demolition of buildings, their reconstruction,
design and construction of new types of silos.

Timely inspections and determination of technical conditions of structural elements of the
structure and the object as a whole [1], will establish the possibility of its further safe operation or
the need to restore performance by ensuring structural safety and reliability of structures [2].
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There are cases of damage and even destruction of the walls of silos built in full compliance
with design standards. This gives grounds to assert the need at this stage to conduct additional both
theoretical and experimental studies to clarify the current loads from the bulk material, taking into
account the adverse effects of the environment.

Analysis of recent research and publications. During the design, installation and operation
of silos, they have different kinds of defects and damage, which affect the stress-strain state and
durability of structural elements. [3]. Silos, hopper tanks, designed for storage of bulk materials,
have been used for a long time, but the exact data on the stresses that appear in the walls of
structures during their filling and unloading are still quite limited [4].

Nowadays, calculation methods and calculation schemes that reflect the impact of damage
and defects that occur during using under the influence of an aggressive environment, have not been
developed enough for practical application. There are no sections in the normative documents
devoted to the calculation of reinforced concrete structures in general [5, 6], and the walls of silos in
particular, exposed to aggressive operating environments. They only allow you to choose the means
of protection of reinforced concrete depending on the degree of aggressive environmental impact.

One of the disadvantages of designing metal silos is the using of stiffening ribs, which
contributes to the non-uniformity of the stress-strain state of the structure, as they make it difficult
to manufacture the structure and subsequent operation of the tank. Therefore, the task of developing
calculation schemes, methods for calculating the stress-strain state, improving the design concept,
life expectancy and further strengthening of the elements of silos with local damage, is quite
relevant [7].

Improper maintenance and using of structural elements, as well as errors in design and
installation, further lead to unusable, and sometimes emergency, condition. The development of
projects to strengthen existing structures is a very responsible matter. Specialists who do not have
the appropriate experience and qualifications are often involved in such work, which leads to
constructive decisions that are not effective.

The most common solution for strengthening existing foundations is to increase the area of
the foundation, which is not always possible in a compact building.

The purpose of the work and the task. The purpose of the work is to determine the
technical condition of the building structures of the silo and the results of the calculations carried
out in the LIRA PC, to offer options for strengthening the foundation on a specific example.

The object of the study is a reinforced concrete monolithic foundation for a silo, round in
plan, with a wall thickness of 600 mm, which is supported by a tape reinforced concrete footing
2200 m wide and 600 mm thick. The diameter of the foundation walls in the axes is 21500 mm, the
inner diameter of the foundation walls is 20900 mm, the outer diameter of the walls is 22100 mm.
The height of the foundation walls from the upper face of the footing to the lower face of the
bottom of the silo is 2400 mm.

Research methods. Based on the geological surveys and the obtained initial design
documentation, it is necessary to calculate the boundary conditions of the first and second groups to
determine the strength, stiffness and crack resistance and develop recommendations for
strengthening the monolithic reinforced concrete foundation of the silo.

Research results. According to the structural scheme, the metal silo with monolithic
reinforced concrete foundations. Next to it is another silo with similar dimensions and design
(Fig. 1). To the south are two smaller silos.
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Fig. 1. General view of buildings

The walls of the silo are made of corrugated profiled decking, which rests on bent flat-shelf
C-shaped profiles with variable cross-section in height.

The payload from the grain in the silo is taken to be 50,000 kN (2/3 of the filling height of the
metal part of the silo). The outer diameter of the silo foundation wall is 22 m.

According to the design documentation, the reinforced concrete monolithic foundation is
round in plan and arranged on a compacted gravel-sand mixture at a dry soil density of 1600 kg/m°.

According to the project, the foundation for the silo is monolithic reinforced concrete. The
footing according to the project is shifted relative to the axis by 1050 and 1150 mm, respectively,
from and to the center of the foundation. Therefore, the inner diameter of the footing is 19200 mm,
the outer diameter — 23600 mm. The height of the foundation walls from the upper face of the
footing to the lower face of the bottom of the silo is 2400 mm (Fig. 2).
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Fig. 2. Scheme of the foundation

The transitional gallery of the foundation is monolithic reinforced concrete. Its walls are 300 mm
thick and 1800 mm high. Footing according to the project 350 mm thick. The bottom of the silo
between the walls of the foundation is a monolithic reinforced concrete slab with a thickness of
350 mm, which rests along the contour of the foundation walls and compacted soil.

According to the structural scheme, the reinforced concrete foundation, footing and bottom of
the silo are one solid element in the form of a frame structure.
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The lower face of the footing is arranged according to the project at the level of -1.0 m from
the ground surface. The level of the clean floor of the transitional gallery is taken as 0.000.
According to the project, a reinforced concrete stage was arranged around the foundation wall.

As can be seen from the drawings of the technical documentation, the footing is reinforced
with mesh with a diameter of 12 mm class A400C. Step of armature in a grid of 242...
296x300 mm.

The walls of the foundation are reinforced with horizontal and vertical bars with a diameter of
8 mm class A400C with a step of 350 mm along the height of the wall.

Geological studies at the site of technical inspection of the building were performed by
Ukoopspilka PI Ukoopproekt of the Lviv VKP.

The study area is located within the Bugostyr plain. The terrain is flat.

According to the complexity geological conditions, the study area belongs to the 1l category.

Modern geological processes and adverse effects for construction on the site are missing.

Groundwater is infiltration, non-pressure, type "top", which is found in C.1, C.3. Intermediate
water resistance is IGE-5 soils, which contributes to the accumulation of infiltration water of
insignificant debit over IGE-5 (upper part of IGE-5 is soft-plastic up to 0.5 m).

Soils IGE-3, IGE-4, IGE-5 are recommended as a basis for the foundation.

The recommended type of foundations is a monolithic slab, piles with replacement of IGE-2
soils with gravel-pebble mixture with layer-by-layer compaction.

Seismicity of the district — 6 points (map ZSR-2004-A). Category of soils IGE-3, IGE-4, IGE-5
by seismic properties — 11, soils IGE-2 - IV.

The main characteristics to be determined during the survey were: geometric dimensions of
structures, subsidence of structures; width and length of crack opening, their location and nature;
strength of concrete, location of reinforcement. A visual inspection of the aboveground part of the
foundations revealed a number of cracks. The main cracks were located on the axis 2...3 between
the axes A...B and on the axis 2...3 between the axes b...B (Fig. 3) with a width of opening up to
4.4 mm. Cracks in the walls and the footing were also found in the gallery along the axis 2 between
the axes A...B (Fig. 4) with a width of opening up to 1.9 mm.

Fig. 3. The width of the opening of the crack Fig. 4. The formation of a crack on the wall
of the foundation between the axes 2...3 along and the footing between the axes 2...3
the axes A...B along the axes A...B

The underground part of the building was visually inspected by excavation. The pits were
arranged in places of cracks. During the visual inspection, the development of cracks up to 6 mm
wide was detected (Fig. 5). It was also found that the structure in the axes A...B between the axes
1...3 is arranged on the loose soil (Fig. 6, Fig. 7).
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Fig. 6. Filling under the footing between the
axes 2...3 along the axes A...B axes 1...3 along the axes A...B

When installing the pits, it was found that the footing is arranged at a depth of 560...600 mm
from the ground, although the project specifies the installation of a footing to a depth of 1.0 m from
the ground. This depth of laying the footing contradicts the regulatory design requirements, which
take into account the installation of foundations at a depth of at least 700...800 mm for the region.
However, it should be noted that the project provided for the installation of a strip foundation on a
compacted gravel-sand mixture. As the results of the inspection [8] of the condition of the
foundations showed, a limestone-sand mixed with the foundation soil was found under the footing.
According to eyewitnesses, it is clear that the foundations were laid during the rainy season.

The process of crack development began during the operation of the facility, after 100% grain
loading. The process of crack development run on now (Fig. 7).
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Fig. 7. Scheme of crack development on the walls of the foundation
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According to the results of geological studies, the structure is arranged on soft-plastic, peat,
black loam and refractory, dark yellow loam.

However, it should be noted that the type of foundations is determined by the number of silos,
the location of the columns of the silo floor, as well as the bearing capacity of the base soils.

The most common solution is the arrangement of foundations in the form of a continuous
beamless slab of monolithic reinforced concrete with 0.2D brackets, where D is the diameter of a
round or square silo. To install the columns of the silo floor on the plate, the arrangement of glass-
type subcolumns is provided.

For round free-standing silos, the foundations are usually made in the form of a ring or a
round concrete slab of class not lower than C 16/20. If the time from the end of concreting the
foundation slabs to the full load of the silos is at least three months, when calculating the foundation
slabs it is recommended to take into account the increase in strength of concrete over time.

The location of the working bars of both rows is assumed to be mutually perpendicular.
Round foundation slabs of free-standing foundations are reinforced with annular and radial working
reinforcement. The annular foundations of free-standing silos are reinforced with radial working
and annular structural reinforcement. It is recommended to accept working armature of base plates
of silos from hot-rolled steel of periodic profile of the A400C class, constructive armature from hot-
rolled round smooth reinforcing steel of the A240C class.

It becomes obvious that when installing the pit under the foundations revealed deviations
from the project, which is not expressed by ensuring the bearing capacity of the foundations for the
following parameters:

— the foundation is made of non-compliant materials and without compaction;

— the level of the footing laying does not meet the design requirements;

— the building is arranged on peat soils.

The condition of structures is characterized by the presence of defects and damage. Taking
into account the actual properties of materials meet the requirements of current regulations, which
relate to the technical condition 3 — unsuitable for normal operation [9]. Damaged areas for further
normal operation should be reinforced [10, 11].

The physical and mechanical properties of concrete elements generally correspond to a class
C 16/20. External inspection and tapping revealed that the concrete is homogeneous and well
compacted during concreting [12]. Reinforcement of the foundation walls corresponds to the
project.

When performing technical inspections revealed in the lower part of the foundation wall
reinforcing bars. This decision and its implementation does not allow to solve the problem of
strengthening the foundation for subsidence, as well as tangential and radial forces.

According to the results of the walls scanning, it was found that in the foundation wall the
reinforcement pitch is 300x375 mm, in the gallery wall 300x300 mm. Reinforcement @16 A400C
mm with a step of 270 mm was found in the footing.

According to the above factors, the structure is arranged on peat soils and constantly settles
unevenly. Uneven subsidence contributes to the development of cracks in the foundation slab.

The results of the calculation on the LIRA PC (Fig. 8) showed an insufficient amount of
reinforcement in the walls of the foundation on the action of longitudinal forces (1220...1380 kN),
which contributes to the development of cracks in the walls of the foundation. Based even on the
design requirements for the percentage of reinforcement, the cross-sectional area of the
reinforcement in the foundation wall should be 45... 60 ¢cm? with a cross-section of 60x167 cm.
The development of cracks and their location is confirmed by verification calculations. Insufficient
amount of reinforcement led to deformations in the foundation walls, as the existing class of
concrete (C16/20) is not able to absorb such tensile forces. The location of the reinforcing bars in
the grids of the footing is greater than the design requirements.
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Fig. 8. Isopolies of main stresses

For further safe operation of the structure, it is recommended to reinforce the walls of the
foundations by gluing composite tapes (Fig. 9) and perform reinforcement of the foundations by
piles (Fig. 10) according to the additional working design of the structure reinforcement.
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Fig. 9. Proposal to reinforce the damaged walls of the reinforced concrete foundation with
composite tapes
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Fig. 10. Proposal to reinforce the damaged reinforced concrete foundation by means of piles

If the latest recommendations on strengthening and adhering to the safe and reliable operation
of construction and structures are followed, further operation of building structures will be safe.

Conclusions:

1. Engineering facilities for storage of dry mixtures, liquids, feed, including the silo
considered in this work, occupy a significant place in the industrial sector, so their repair,
reinforcement and maintenance for further operation should be given due attention, involve design
organizations with appropriate experience and design and technological developments in the
reinforcement and reconstruction of engineering structures.

2. Execution of strengthening of the monolithic foundation according to the developed offers
will provide durability and reliability of a design, and also the normalized service life according to
requirements of current design norms.
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AHotauis. [Ipu npoexTyBaHHI, MOHTaX1 Ta €KCIUTyaTallii CUJIOCIB B HUX BUHUKAIOTh 1e(heKTH
1 TOIIKO/KEHHS PI3HOTO XapakTepy, fKI BIUIMBAIOTh Ha HAINpPYKEHO-Ie(pOPMOBAaHUI CTaH 1
JIOBIOBIYHICTh KOHCTPYKTHBHMX eleMeHTiB. CBo€yacHe INpPOBEIECHHS OOCTEXEHb Ta BHU3HAUCHHS
TEXHIYHHUX CTaHIB KOHCTPYKTUBHHUX €JIEMEHTIB CIIOPYIH 1 00'€KTa B I1JIOMY, TO3BOJIUTH BCTAHOBUTH
MOKJIUBICTh MOTO TMOAanbInoi Oe3meyHoi ekcruTyaTarii abo HeoOXiAHICTh BiJHOBIEHHS
eKCIUTyaTal[lfHUX BJIACTUBOCTEH HUISIXOM 3a0e3leueHHs KOHCTPYKTUBHOI O€3MeKu 1 HaJIliHOCTI
cropya. Tomy po3poOKka po3paXxyHKOBUX CXE€M, METOJUK PO3PAaXyHKY HaINpyKeHO-1e(hOopMOBaHOTO
CTaHy, MPOTHO3y TEpMIHY CIYyXOW 1 TOAaibIle MiJICUJICHHS IS KPYIJIUX 3ali300€TOHHHX
€JIEMEHTIB CHJIOCIB 3 JIOKAJIbHUM TOIIKO/KEHHSIM, € JJOCUTh aKTyaJbHOIO.

Henanexxne yTpumanHs 1 eKcnnyaTaulﬂ KOHCTPYKTUBHUX €JIEMEHTIB, a TaKOXX MOMMIKU
JIONYIIeH] TpH HpOCKTyBaHHl 1 MOHTaxi, B MOJAJIBIIOMY MPU3BOIATH JO HEHPUIATHOrO [0
HOPMAIBHOT eKcnnyaTauu a yacoM 1 110 aBapiiiHOoro crany. Po3poOka MpOeKTiB MiJICHIICHHS
ICHYIOUMX KOHCTPYKIII € JOCHUTH BIAMOBINATBHOIO CIpaBor0. HalOimbII MOMMUpPEHUM PIIIEHHSM
M1JCWICHHS 1CHYIOUMX (YHIAMEHTIB € 301IbIIEeHHS IOl OOMUpPaHHs MOAYIIKH (QyHIaMEHTIB, 110
HE 3aBXXIM MOXKJIMBO B YMOBaX CTHCHYTOI 320y TOBH.

Meroto poOOTH € BHU3HAYUTH TEXHIYHHN CTaH OYIiBEITbHUX KOHCprKuiﬁ cuiocy 1 3a
pesyabratamu mpoBeaeHux B 11K Hlpa PO3paxyHKiB, 3alpoINOHYBaTH BapiaHTH IMiJACUICHHS
byHIaMEHTYy Ha KOHKPETHOMY npmcnam

HaBeneHO KOHCTPYKTHBHI pIllIeHHS 3aJ1i300€TOHHOTO MOHOJIITHOIO (PyHIaMEHTy IiJl CTiHH
CHJIOCY, OCHOBHI JIe()eKTH 1 TIONIKO/KEHHS, BU3HAYCHO TEXHIYHWN CTaH cropyad. s momanbiiol
Oe3reyHoi eKcIUTyaTalil CHopyAd PEeKOMEHAYEThCSl 3pOOUTH MIACHIIEHHS CTiH (QyHIaMEHTIB 3a
JIONIOMOTOF0 HAKJICFOBaHHS KOMIIO3UTHHUX CTPIYOK 1 BUKOHATH MiACHICHHS (DyHIaMEHTIB 3a JOIIOMOT OO
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BJIAIITYBAHHS PO3IMIPHUX MMaib, 3TIAHO JOJATKOBOIO pOOOYOro MPOEKTY MiJICKICHHS criopyad. [Ipu
BUKOHAHHI PEKOMEHIAIl MIOJ0 MiJCHICHHS Ta JOTPUMAHHI TOJIOKEHb MPO OE3MeuYHy Ta HaMIHHY
eKCIUTyaTalito OyaiBelnb 1 Copy/ MOoAaNbIIIa eKCIUTyaTallist Oy/aiBii B oMy Oyzae Oe3nevHoro.

KiawuoBi cioBa: 3ami300eTOHHUN MOHONITHHN (yHAaMEHT, CTIHKH (YHIAMEHTY, CHIIOC,
MACHJIEHHS.
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AHHoTanus. [Ipu npoekTHpoBaHUM, MOHTAKE U SKCIUIyaTallUd CUJIOCOB B HUX BO3HUKAIOT
neQeKThl M TOBPEXKICHUS PA3JIMYHOIO XapakTepa, KOTOpbIe BIUSAIOT Ha HaNpsKEHHO-
ne(GOopMHUPOBaHHOE COCTOSHUE U JIOJIFOBEYHOCTh KOHCTPYKTHUBHBIX 3J71€MEHTOB. CBOEBPEMEHHOE
IpoBejieHue 00CIIeJOBaHUI U ONpeeIeHNs] TEXHUYECKUX COCTOSIHUNA KOHCTPYKTHBHBIX 3JIEMEHTOB
COOpYXKEHHMsI W O0bEeKTa B LEJIOM, IO3BOJMT YCTAaHOBUTh BO3MOXKHOCTb €ro JajibHeiei
0e30macHOll 3KCIUTyaTallud WM HEOOXOIMMOCTbh BOCCTAHOBJIEHUS AKCIUTyaTallMOHHBIX CBOMCTB
nyreM oOecnedyeHHUs KOHCTPYKTMBHOM O0€30macHOCTM M HaJeXHOCTH coopyxkeHuil. [loatomy
pa3paboTKa pAacUeTHBIX CXEM, METOAMK pacyeTa HaNpsSKEHHO-AEPOPMUPOBAHHOTO COCTOSIHMUS,
MIPOrHO3a CpOKa CIYXObl M JalibHEHIIee yCUJIEHUE JUIsl KPYTJIbIX >KelIe300€TOHHBIX AJIEMEHTOB
CHJIOCOB C JIOKAJIbHBIM ITOBPEKIEHUEM, SIBIISIETCS BECbMa AKTYaIbHOM.

Henaanexariiee coepskaHue U 3KCIUTyaTalldsi KOHCTPYKTHBHBIX 3JIEMEHTOB, a TaKXKe OIMIMOKU
JIOIYIICHHBIE TIPH NPOEKTUPOBAHUM W MOHTaXE, B JAJbHEHIIEM IPUBOAAT K HENPUTOAHOCTU K
HOPMaJIbHOM 3KCIUTyaTalluH, a MOpPO M K aBapuilHOMYy cocTosiHMIO. Pa3paboTka MpOeKTOB yCHIICHHs
CYIIECTBYIOIMX KOHCTPYKIHI SBISETCS JTOCTaTOYHO OTBETCTBEHHBIM JEJIOM. PacrpocTpaHeHHBIM
pellleHreM YCHJIEHHsI CYHIECTBYIOIIMX ()YHIAMEHTOB SIBJISETCS YBEJIMUYEHHE IUIOIIAAN ONUPAHUS
MOJTYIIKH (PYH/IaMEHTOB, YTO HE BCET/1a BO3MOKHO B YCIIOBHSIX CKaTOM 3aCTPOMKH.

[enbto paboOTHI ABIISETCS ONPEAETUTh TEXHUUECKOE COCTOSHUE CTPOUTEIbHBIX KOHCTPYKIIMM
cwiioca U 1o pesynbraraM nposefeHHbIX B [IK Jlupa pacueroB, npeuioKUTh BApUAHThl YCUIICHUS
¢dbyHIaMeHTa Ha KOHKPETHOM TpuMepe.

[IpuBeneHbl KOHCTPYKTHBHBIE PEIIEHUS KEIe300€TOHHOTO MOHOJIHMTHOTO (DyHIAMEHTa MO
CTEHbl CHJIOCA, OCHOBHBIE Je(EeKTbl U MOBPEKIACHHS, OIpPEIEIeHO TEXHUYECKOE COCTOSIHHE
coopyxeHust. [ nanpHeiniel 0e30macHOM 3KCIUTyaTallid COOPYKEHUSI PEKOMEHJIyeTcsl clieaTh
yculieHue cTeH (yHJAaMEHTOB C IOMOIIBI0 HAKJIEUBAHMUS KOMIIO3UTHBIX JIEHT U BBIIOJIHUTH
ycuJIeHHe (PYHIaMEHTOB C IOMOIIBI0 YCTPONCTBA PACKOCHIX CBail, COIVIACHO JIONOJHUTEIBHOTO
pabouero mpoekTa yCWJIEHUs coopyxeHHs. IIpu BBINOJHEHHMHM PEKOMEHAALMH 10 YCHJICHHIO U
COOJIFOJICHUM TOJOXKEHUH O Oe30macHOM M HaIeKHOHM SKCIUTyaTallud 3AaHUN U COOpYKEHHM
JanbHeHIas SKCIuTyaTalus 37/aHus B 1eJIoM OyzeT 6e30macHoi.

KuroueBble ci1oBa: xeie300€TOHHBIN MOHOJIIUTHBIA (yHIAMEHT, CTeHbI (yHIaMeHTa, CHJIOC,
YCHUJICHUS.
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