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ANALYSIS OF THE SUSTAINABILITY OF A SPATIAL
BUILDING

V. Fomin?, 1. Fomina!
!Odesa State Academy of Civil Engineering and Architecture

Abstract: Concrete columns are important elements of building structures that provide stability
and load-bearing capacity to buildings. However, their durability can be significantly reduced when
exposed to aggressive environments such as chemicals, moisture, salt, acid rain, etc. Asymmetric
exposure to such environments can lead to uneven concrete failure, which affects the spatial stability
of the column.

The main factors affecting column stability: 1. Aggressive environment: chemical corrosion of
concrete and reinforcement, uneven impact on different parts of the column (for example, one side of
the column is more exposed to moisture or chemicals), cracking and loss of concrete strength. 2.
Mechanical loads: asymmetrical loading of the column due to external factors (wind, earthquakes,
uneven weight distribution of the structure), Additional stresses in concrete and reinforcement. 3.
Design features: rigid clamping of the column (clamping) limits its ability to deform, which can lead
to stress concentration, the presence of reinforcement and its condition (corrosion of reinforcement
significantly reduces the bearing capacity of the column).

Consequences of asymmetric impact: uneven deformation: One side of the column may
deteriorate faster, resulting in a tilted or distorted structure, reduced bearing capacity: loss of concrete
and reinforcement strength reduces the column's ability to support loads, risk of failure: uneven
exposure can lead to sudden collapse of the column, which can endanger the entire structure.

Measures to improve stability: 1. Protection against aggressive environment: use of chemical-
resistant materials (e.g. special concrete grades), application of protective coatings on the column
surface (waterproofing, anti-corrosion coatings). 2. Design solutions: increasing the thickness of the
protective layer of concrete around the reinforcement, use of corrosion-resistant composite
reinforcement. 3. Monitoring and maintenance: regular inspection of the column for cracks, corrosion
and other defects, carry out repair work to eliminate damage. 4. Calculations and design: consideration
of the impact of aggressive environment at the design stage, use of software to model column
behaviour under asymmetric loads.

The spatial stability of a rigidly clamped concrete column under asymmetric aggressive
environment depends on many factors, including the quality of materials, design solutions and
operating conditions. To ensure the durability and safety of the structure, it is necessary to take into
account all these aspects at the design stage and regularly carry out preventive measures.

Keywords: reinforced concrete, corrosion, stability, boundary element method, finite element
method, frame, spatial stability, buildings and structures.
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Y00ecvra depacasna axademisa 6ydienuymea ma apxiimexmypu

AHoTanissi: BeroHHI KOIOHM € BaXJIMBUMH eIIeMEHTaMH OyHiBeNbHUX KOHCTPYKIIH, SKi
3a0e3MeuyIoTh CTIHKICTh Ta Hecydy 3AaTHIiCTh OymiBenb. OnHak iXHA JOBTrOBiUHICTE MoOXe OyTH
3HAYHO 3HW)KEHA ITiJI BIUIMBOM arpeCMBHUX CEPENOBHUIN, TAaKMX SK XIMI4HI PEYOBHMHH, BOJIOTA, CLIb,
KUCIIOTHI Jomli Tomo. HecuMeTpuuHHMI BIUIMB TaKMX CEPENOBUII MOXE MPU3BOAUTH JIO
HEpiIBHOMIPHOT0 pyiHYyBaHHsI OETOHY, 1110 BIUITMBAE HA POCTOPOBY CTIHKICTh KOJOHHU.

OcHOBHI (akTOpH, IO BIUIMBAIOTh Ha CTIMKICTh KOJNOHH: 1. ArpecnBHE cepenoBuine: XiMiuHa
KOpO3ist OETOHY Ta apMaTypd, HEPiBHOMIPHHN BIUIMB Ha Pi3HI YAaCTHHHU KOJOHM (HANPHUKIAA, OIHA
CTOpPOHA KOJIOHH OUIBLIE ITiVIA€THCS BIUIMBY BOJIOTH 200 XIMIYHHUX PEUOBHH), YTBOPEHHS TPILIMH Ta
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BTpaTa MiHOCTi OeToHy. 2. MexaHiuHi HaBaHTa)KCHHS: HECUMETPUYHE HaBaHTA>KCHHSI KOJIOHH Yepes3
30BHIHI (pakTopu (BiTep, 3eMIETPYCH, HEPIBHOMIPHHH PO3MOALT Baru KOHCTPYKIii), BUHUKHEHHS
JOAAaTKOBHUX HaNpyXeHb y O0eToHi Ta apMarypi. 3. KOHCTpYKTHBHI OCOOIMBOCTI: KOPCTKE 3aTUCKAHHS
KOJIOHH (3allleMJICHHsI) oOMexye i1 MOXIMBICTE 10 nedopMalliii, M0 MOXe IPU3BOIAUTH JI0
KOHIIEHTpAIlil HaIllpy>KE€Hb, HASBHICTb apMaTypH Ta ii cTaH (KOpO3is apMaTypH 3HaAYHO 3HWKYE HECydy
3JIaTHICTh KOJIOHHU).

Hacnigku HecMMETpHYHOTO BILIMBY: HepiBHOMipHa Aedopmalis: OfHA CTOPOHA KOJIOHH MOXKeE
pyHHYBaTHCA WIBH/IIE, HIO NPHU3BOJUTH A0 Haxwmiy abo BUKPHBICHHS KOHCTPYKIi, 3HMKEHHS
Hecydol 31aTHOCTI: Brpara mMinHOCTI O€TOHY Ta apMaTypH 3MEHIIYE 3JaTHICTh KOJIOHW BUTPHUMYBAaTH
HABaHTa)XEHHS, PU3HK pyiHyBaHHs: HepiBHOMIpHHMI BIUIMB MOXE TPHU3BECTH JO PAaITOBOTO
pYHHYBaHHS KOJIOHH, II0 CTAHOBUTH 3arpo3y JJIs BCi€l KOHCTPYKITii.

3axomu Ui MiABUINEHHS CTIMKOCTI: 3aXUCT BiJi arpeCMBHOIO CEPEIOBHINA: BUKOPUCTAHHS
CTIHKMX 10 XIMIYHUX BIUIMBIB MaTepiajiB (HANpHKIaJ, CIeliadbHI Mapku OeTOHY), HaHECEeHH:
3aXMCHUX TIOKPUTTIB Ha TMOBEPXHIO KOJNOHHW (TiAPOI3ONSAIis, AaHTUKOPO3iliHI IMOKPUTTA). 2.
KoHCTpyKTHBHI pillleHHsI: 30UTbIIEHHS TOBIIMHM 3aXWMCHOTO Imapy OETOHY HaBKOJIO apMarypw,
BUKOPUCTAaHHSI KOMIIO3UTHOI apMarypH, CTIHKOI 0 Koposii. 3. MOHITOpHHT Ta 00CIyrOBYBaHHS:
PETYJSIpHUI OJISA] KOJIOHW Ha HAasBHICTH TPILIHMH, CIIMIB KOpo3ii Ta iHmMX JedeKTiB, MPOBEICHHS
PEMOHTHUX POOIT ISl YCYHEHHS MOIIKO/KEHb. 4. Po3paxyHKH Ta MPOEKTYBaHHsI: BpaXyBaHHs BILIUBY
arpecuBHOTO CEpPEIOBHINA Ha €Tari MPOEKTYBaHHS, BUKOPUCTAHHS MPOrPAMHOTO 3a0e3NeueHHs JIIst
MOJIETTIOBAHHS ITOBEAIHKH KOJIOHU TIPY HECHMETPHUYHUX HABAHTAKCHHSIX.

IIpocropoBa CTIHKICTh MKOPCTKO 3aTHCHYTOI OETOHHOI KOJIOHWM 32 HECHMETPHUYHOTO BILTUBY
arpecuBHOTO CEpENOBUINA 3aJISKUTh BiJl 0aratbox (HakTOpiB, BKIIOYAIOYM SIKICTH MaTepialis,
KOHCTPYKTHBHI pIllIGHHSI Ta YMOBHM eKciryatamii. JIisi 3a0e3neueHHs JIOBFOBIYHOCTI Ta Oe3reKn
KOHCTPYKIII HEOOXiJHO BpaxOBYBaTH BCI I[i aCIEKTH Ha eTami MPOEKTYBaHHSI Ta PEryJsIpHO
MIPOBOIUTH MPOQITAKTUYHI 3aXO0/IH.

KuarouoBi ciaoBa: 3ami300eTOH, KOpO3if, CTIHKICTb, METOJ TPAaHUYHHUX E€JIEMCHTIB, METOJ
KIHIIEBUX €JIEMEHTIB, pama, IPOCTOPOBA CTIHKICTh, OYIBIII Ta CIIOPY/IH.
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1 INTRODUCTION

In the process of operation, buildings and structures are affected by the external
environment for a long time and, as an example, corrosion. This greatly complicates the
durability and functionality of objects.

2 ANALYSIS LITERARY DATA AND PROBLEMS STATEMENT

Spatial stability of concrete columns is an important problem in structural mechanics,
especially when exposed to aggressive media. Unsymmetrical impact of such media can lead
to material degradation, change of mechanical properties and, as a consequence, to the loss of
structural stability. In this review, the main approaches to analysing the stability of rigidly
clamped concrete columns under asymmetric effects of aggressive media are discussed.

The foundations of the theory of structural stability were laid in the works of Euler, who
first considered the problem of longitudinal bending of a rod. For concrete columns, the
works devoted to the consideration of nonlinear material properties and geometrical
nonlinearity are of great importance.

The rigid pinching of the column in the foundation or slab significantly affects its
stability. The works [1, 2] consider the methods of taking into account rigid pinching in
stability calculations.

Aggressive media (acids, alkalis, salts) can cause corrosion of concrete and
reinforcement, which leads to a decrease in the strength and stiffness of the structure. The
main mechanisms of concrete degradation under the influence of different media are
described in [3, 4].

Non-uniform exposure to aggressive media can be caused by non-uniform distribution of
the medium around the column (e.g., on one side). This leads to non-uniform degradation of
the material and, as a consequence, to the occurrence of additional stresses and deformations
[5].

Modern methods of stability analysis include the use of finite element analysis (FEA),
which allows taking into account nonlinear material properties and geometrical nonlinearity.
In [6, 7], examples of using FEA to analyse the stability of concrete columns are presented.

Experimental studies play an important role in the validation of numerical models. In
[8, 9], experiments to determine the stability of concrete columns under the influence of
aggressive media are described.

In order to account for the asymmetric effects of aggressive media, it is necessary to
model the material degradation process. In [10, 11], models that take into account non-
uniform distribution of degradation along the column cross-section are proposed.

Non-symmetrical degradation leads to changes in the distribution of stresses and
deformations, which can significantly reduce the column stability. The works [12] consider
methods of accounting for this effect in stability calculations.

Analysis of the literature shows that the spatial stability of rigidly clamped concrete
columns under asymmetric effects of aggressive media is a complex problem requiring the
consideration of many factors. Modern methods of analysis, including numerical and
experimental approaches, make it possible to obtain more accurate estimates of the stability of
such structures. However, further research is needed to develop more advanced models that
take into account all aspects of the effects of aggressive media on concrete structures.
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3 PUPPOSE AND OBJECTIVES OF THE RESEARCH

In the present paper, a more complex case is considered when two of the adjacent side
faces are corroded, with the onset of corrosion processes in the faces not coinciding in time.

4 RESEARCH RESULTS

The column is a corner in the structure and the diagonal partition starts from it (Fig. 1).
We will call these two faces internal.
We denote the inner face perpendicular to the axis by number 1, and the face

perpendicular to the axis by number 2.
When investigating the stability of the column, we will follow the algorithm described

earlier.
In this case, we will define the values of critical forces as
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Fig. 1. Corner column
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Fig. 2. Longitudinal sections of the column
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Let the beginning of the corrosion process in face 1 corresponds to t = 0, and at the edge
of 2t=t{» >0.
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Fig.3. Dashed line column in the plane

Let's consider the stability of the column on the time interval o<t<t{?. Longitudinal
sections of the column by planes xy®u xy®® re presented in Fig. 2a) u 2b). The height and
depth of the corroded layer are determined by the following formulas

1O(t) =Vot, h®(x,t) = he MmO, )

Let's call the centreline geometric location of the centres of gravity of the uncorroded
cross-sections of the column (in Fig. 2c) the centre of gravity of the uncorroded part of the
cross-section is designated C1). In Fig. 3a) the dashed line shows the centreline of the column

in the plane xy®. In the plane xy®, it coincides with the column axis. Following the algorithm
outlined earlier, we construct the critical force equation:

FEOPY,t)cosk” + F (PY,t)sink{" -1=0 (i =1,2). (2)
Here index i corresponds to the loss of stability in the plan:
xy"  (i=12), ké”zI«/P(‘)/EﬁJS’, JW =d,d?/12, I =dd3/12,
RO(PY,1) =120 (A% 0,0 -1k{” cosk{? 42 (1) - 2, (4 (), ) sink{? 4 1),
FOPY1) =242 (1)) -1k sinkP 42 (1) + 2, (A9 (), 1) cos k" 42 (1),
Z9(& 1) :izfilz(§1t)(€(i))k1Zl(’ik)(é,t) =§: fj(i,k)éj,ézlﬁ,g(i) _PYI2/E,,
k=1 j=0
200 =10 ) /1, 9 —coefficients, which are defined fU(t), @& t)=
12 12 in t0£,0=3 00 (=12).
j=0

" d,[d, ~hV(E,OF [d, —h® (£, )]0
To determine the critical forces, we use equation (2), in which we should assume:

and f@(&t) =
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t0(&t)=12/[d,-h@E 0 | d,-hO DT,
£@(£t)=12/[d, ~h (&) ][d,~h(En T

The other designations remain as above.
5 DISCUSSION OF RESEARCH RESULTS

After all the calculations have been carried out, it can be said with certainty that the use
of this method can show how reliably the structure is operated and it is quite easy to calculate
its long-term use under the action of any aggressive environment.

6 CONCLUSIONS

The method for investigation of nonuniplanar stability of concrete columns with taking
into account nonsymmetrical aggressive environmental impact is offered, what allows their
on-time strengthening to secure the reliability of constructions.
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