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Abstract

Introduction. Well-known studies on the research subject have failed to specify sample sizes and types of workshops
based on their technological characteristics, which prevents us from summarizing the numerous damage data. The down-
side of the previous studies is the lack of generalizations with designing regression dependences of damage to the bearing
elements of buildings on their service life. The subject of the study is the correlation of damage to the main structures of
industrial buildings from their service life. In order to design these dependencies, a significant sample of workshops
(at least 100 workshops) has been investigated and the frequency of damage to their main structures has been examined.
The frequency of damage has been previously studied and published by the authors. The aim of the study is to establish
correlations between the degree of damage and the service life of structures.

Materials and Methods. The objects of the study were single-storey industrial buildings of the metallurgical, machine-
building, energy industries, as well as production of building materials. The workshops were inspected by means of the
standard methods endorsed in the national standards and norms. In order to analyze defects and damages, an electronic
database was designed in a tabular processor that recorded all the basic information on types of workshops, materials and
structures, defects and damages.

Research Results. The analysis of data on a large sample of industrial buildings made it possible to establish correlations
between damage and the service life of structures. It was found that the rate of damage to steel columns is higher than
that of reinforced concrete columns. The intensity of damage to steel columns is described by means of an exponential
dependence, while that of reinforced concrete columns is a linear one. Brick and reinforced concrete walls are damaged
linearly depending on the service life. The dependence "damage - service life" of reinforced concrete floors and coatings
is approximated by a polynomial of the second degree, close to a linear relationship. Similar linear damage is typical of
steel trusses. The damage rate of steel crane beams does not directly depend on the service life of the building itself, as
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the beams are replaced if damaged.

Discussion and Conclusion. As a result of the study of the frequency of damage, mathematical models of "damage -
service life" of industrial building structures were obtained that can be used in order to optimize maintenance and repairs
of buildings. The distinctive features of the accumulation of damages and defects over time for metal frames of industrial
buildings associated with human mistakes are noted. In order to reduce accidents and optimize costs throughout the life
cycle of buildings, it is suggested that a risk-based approach is applied, the likelihood of errors and cost of restoration
measures at the stages of design, construction and operation are assessed.
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AHHOTAIIMA

Beeoenue. B n3BeCTHBIX UCCIIEIOBAHUAX 110 TEME CTaThbH HE YKa3bIBAIOTCS 0OBbEMBI BHIOOPKHU M THIIBI LIEXOB MO UX TEX-
HOJIOTUYECKHUM TIPU3HAKAM, YTO HE MO3BOJIIET 0000MNTh MHOTOUYHCIICHHbIE JaHHBIE O MOBpexAeHMAX. HemocraTkoMm pa-
HEe IPOBEACHHBIX MCCIIEIOBAHUN SBIISETCS OTCYTCTBHE 0000IIEHNH ¢ TOCTPOCHUEM PETPECCHOHHBIX 3aBUCHMOCTEH TI0-
BPEXKIAEMOCTH HECYIUX DIIEMEHTOB 31aHUH OT CPOKOB X JKCILTyaTanuu. IIpeaMeToM uccienoBaHus ABIAIOTCA KOppe-
JISIH NOBPEXKJEHHOCTH OCHOBHBIX KOHCTPYKIUH MTPOMBIIIIEHHBIX 30aHAN OT CPOKOB X JKCIUTyaTtanuu. s mocTpoe-
HUS YKa3aHHBIX 3aBUCHMOCTEH MCCIlieloBaHa 3HaYMMas BEIOOpKa 1mexoB (He MeHee 100 mexoB), 1 U3y4eHa YacCTOTHOCTh
MOBPEXJICHUH MX OCHOBHBIX KOHCTPYKUMHA. YacCTOTHOCTh IOBpPEXACHHH Obllla M3yueHa paHee U OIyOJMKOBaHa aBTO-
pamu. Llenpro HACTOSINEr0 UCCIIENOBAHUS SBIAETCS IOCTPOCHUE KOPPEILLIUNA MEX Yy CTEIICHBIO IIOBPEKIEHHOCTH U CPO-
KaMM 9KCILTyaTalluy KOHCTPYKIIUIA.

Mamepuanvt u memoost. B kadecTBe 0OBEKTOB HCCIEAOBAHUS PAcCMaTPUBAINUCH OJHOATAXKHBIC NPOMBIIUICHHbIE
3/1aHUS] METAJUTYPru4ecKoi, MallIMHOCTPOUTENIbHON, SHEPIeTUUECKOM OTpaciiei, a TakKe MPOU3BOACTBA CTPOUTEIbHBIX
Mmarepuanos. O6cinenoBaHNe IEXOB NMPOM3BOAMIOCH IO CTAHJAPTHBIM METOAWKAM, YTBEPKACHHBIM B HAIIMOHATIBHBIX
cTaHAaprax ¥ HopMmax. {1 aHanm3a ne)eKTOB M MOBPEXKACHNH ObLIa CO3aHa IEKTPOHHAs 0a3a B TaOIMYHOM Ipoliec-
cope, B KOTOPOil (pMKcHpoBajiack Bcsi OCHOBHAS MH(OpManus 1o TUIIaM LEXO0B, MaTepHaiaM 1 KOHCTPYKIUAM, Te(eKTam
U TIOBPEXACHUSM.

Pezynomamut uccnedosanusn. AHanu3 JaHHBIX 110 OOJBIION BEIOOPKE MPOMBIIIIICHHBIX 3AaHUH ITO3BOJINI YCTaHOBUTH
KOPpEeSIUM MEXAY IOBPEXKIECHHOCTBIO U CPOKaMHU OKCIUIyaTallud KOHCTPYKLMH. YCTaHOBJIEHO, 4TO CKOpPOCTb
MOBPEXJICHUH CTaJbHBIX KOJIOHH OOJbIIIE, YeM Y JKelle300eTOHHBIX. VIHTEHCHMBHOCTh NOBPEXKICHUN CTAJIbHBIX KOJIOHH
OIUCHIBAETCSI AKCIIOHEHIIMAILHOM 3aBUCHMOCTbBIO, @ JKEJIe300€TOHHBIX — JIMHEeHHOH. KuprnuuHble 1 jkesie300eTOHHbIE
CTEHBI MOBPEXIAIOTCA 10 JIMHEHHOM 3aBUCHMOCTH OT CPOKOB IKCIUTyaTaIlH. 3aBUCHMOCTH «IIOBPEXKIaEMOCTh — CPOKHU
9KCIUTyaTaI[N» KeJIe300€TOHHBIX MePEKPHITUI U MOKPHITHH alllIPOKCUMHPYETCS TOJTMHOMOM BTOPOH CTENEHH, OJIM3KUM
K JIMHEHHO 3aBucuMocTH. [Togo0Has TMHEIHAS TOBPEX1aeMOCTh XapaKTepHa  JUIs cTasibHBIX (epm. [ToBpexmaemocTsb
CTAJBHBIX TTOJKPAHOBBIX OAIOK MPSMO HE 3aBHCUT OT CPOKOB 3KCIUTyaTallid CaMOT0 3/[aHus, TaK KaKk Oalké 3aMEHSIOT
0 Mepe UX MOBPEKICHUN.

Oébcyrycoenue u 3axniovenue. B pesynbraTe uHCCIEJOBAaHHMS YAaCTOTHOCTH MOBPEXJICHHH OBUIM  TIOJydYEHBI
MaTEMaTHYECKUE MOJEIH «IIOBPEKACHHOCTh — CPOK 3KCIITyaTalliW» KOHCTPYKLMI NPOMBIIIIEHHBIX 3aHU, KOTOPLIE
MOTYT OBITh HCIIOJB30BaHbl JUIsi ONTUMM3AIMM TEXHUYECKOTO OOCIY)KMBaHUs, IUIAHUPOBAHUS OKCIIEPTH3,
MEPUOINIECKHUX OCMOTPOB, TEKYIIHX U KaIIUTAIBHBIX PEMOHTOB 34aHUH, pa3pabOTKK CTPATETUH IPEATIPHSTUH MO 3aMEHe
OCHOBHBIX IPOM3BOJCTBEHHBIX (POHIOB. OTMEYEHBI OTIUYUTENbHBIE OCOOCHHOCTH HAKOIUIEHHS CO BpEMEHEM
MOBPEXIeHNH W Ne(eKToB Uil METaJUIMYECKHX KapKacoB IPOMBIIIICHHBIX 3/1aHHUW, CBSI3aHHBIE C YEJIOBEUYECKHMMH
omubOxkaMu. {1 CHIDKEHHsT aBapUHHOCTH M ONTHMM3ALMHU 3aTpaT HAa NMPOTSHKEHUH JKU3HEHHOTO 3/IaHUH MpeiiaraeTcs
NIPUMEHATh PUCK-OPHEHTHPOBAHHBIA IIOAXOM, OIEHMBAaTh BEPOSTHOCTh BO3HMKHOBEHHS OIIMOOK M CTOMMOCTb
BOCCTAHOBUTEJIbHBIX MEMPUATUH HA CTaAUAX MPOEKTUPOBAHUS, BO3BEICHHS U SKCIIITyaTalllu.

KaroueBble ciioBa: MPOMBIIIJICHHBIC 3/1aHNA, SKCILTyaTalus BHaHHﬁ, CTPOUTCIIbHBIC aBapuu, ,HC(l)eKTI)I 1 MOBPECIKACHUA,
HaJACXKHOCTh U 0€30IaCHOCTE.

st nurupoBanus. baitdoypun JI.A., [ToranoB A.H. Koppensiuu noBpek1eHHOCTH OCHOBHBIX KOHCTPYKIMI MPOMBIII-

JIEHHBIX 3[aHUIM OT CPOKOB MX dKCIUTyatauuu. Cogpementble MeHOeHYuu 6 CImpoUmenbemee, 2padoCmpoumenbCmee u
naanuposxe meppumopuii. 2026;5(2):56-65. https://doi.org/10.23947/2949-1835-2026-5-2-56-65

Introduction. According to the estimates of the Russian Academy of Architecture and Building Sciences (RAABS) [1]
there is a need to develop a regulatory framework based on ensuring the integrated safety of objects throughout their full life
cycle. This calls for scientific research to be conducted, including studies of durability of building materials, structures and
products as well as of longevity of construction sites.

Building constructions, buildings and engineering structures
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According to [2-4], the causes of defects and damage to industrial buildings are deficiencies in construction — 28%;
violation of operating rules — 26%; poor quality of materials — 28%; design mistakes — 10%; deficiencies in design
standards as well as guidelines for manufacture and installation of structures — 8%. The observed frequency of defects
in installation of steel and reinforced concrete structures [5] confirms these conclusions. The number of defects in joints
and assemblies for steel structures is 56.5%, and for reinforced concrete structures — 57.7%.

According to [2, 3], the proportions of accidents related to the operational stage has gone up from 11% to 35%, which
is due to the deterioration of the country's fixed assets (industrial buildings and infrastructure). This trend is particularly
evident for industrial buildings that are characterized by large spans and severe operating conditions associated with
aggressive environments, lifting equipment, dynamic loads, etc.

Accidents involving coatings on industrial buildings should be considered the most common ones. An analysis of
accidents shows that about 53% of all collapses occur as a result of overloading with snow and dust [6]. According to
[7, 8], the following damage to rafter trusses occurs for the main buildings of thermal power plants: local rod bends —
28%; wear of anticorrosive coating and metal corrosion — 23%; general bends of rods of trusses — 24%; accumulations
of aggressive technological dust on structures — 9%; non-nodal plate support on the upper belt of trusses — 6%.

A damage rate of structures depends on service life [7, 8] (comparison for 20 and 80 years of service life): reinforced
concrete and steel columns — an increase from 10 to 20%; reinforced concrete and steel crane beams — from 10 to 70%;
steel rafter trusses — from 15 to 40%; coating plates — from 20 to 60%; secondary reinforced concrete platform
beams — from 15 to 80%; main reinforced concrete platform beams — from 10 to 25%.

A regular decrease in the number of damages from top to bottom, ranging from coating plates and trusses to columns,
as well as rapid fatigue wear of crane beams, was identified. According to [9], the number of damaged crane beams
increases from 14 to 73% with an increase in the service life from 3 to 22 years. The most common damage to beams is
fatigue cracks in the belt seams of the upper belt.

Studies [10, 11] describe typical defects in steel columns: bends and cutouts of lattice elements, local bends and
curvature of tent and crane branches, destruction of attachment points of crane beams as well as changes in a typical
structural design of joints. The most frequent damages are used in computer modeling in order to assess a degree of
serviceability of metal structures of industrial buildings [12].

The authors of [13] identified five characteristic areas of defects and damage to walls of buildings. It is suggested that
they are combined into groups when conducting surveys or monitoring the condition of a facade. This allows one to track
the dynamics of negative processes and conduct major repairs of facades in a timely manner. In [14], the damage was
analyzed with an indication of their causes. The frequency of damages and defects is determined by the types of structures,
severity of defects, as well as their causes.

A study [15] suggests ways to enhance the reliability of industrial building frames: boosting the strength reserve by
increasing cross-sections, the strength of materials, and the use of more efficient cross-sections; using statically indeterminate
systems with a redistribution of forces at the time of local destruction; incorporating coupling (non-force) elements.

The review showed that damage to industrial buildings has been investigated time and time again, but these studies
typically fail to specify sample sizes and types of workshops based on their technological characteristics, making it im-
possible to summarize the numerous data. The drawback of the previous studies is the lack of generalizations with the
construction of regression dependences of damage of load-bearing elements of buildings on their service life, which does
not allow to justify and plan a rational program of their operational control.

Materials and Methods. The objects of the research were 100 workshops — single-storey industrial buildings of the
metallurgical, machine-building, energy industries, as well as production of building materials. The years of commission-
ing of the workshops ranged from 1902 to 2016: 1902-1940 — 10 objects; 1941-1970 — 61 objects; 1971-1990 —
21 objects; 1991-2016 — 9 objects.

According to the design scheme, the buildings were divided into frame, wall and frame-wall ones. According to the
design and materials: full reinforced concrete frame; full metal frame; mixed frame (reinforced concrete and steel); stone
load-bearing walls with various coating options.
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Almost all of the buildings had lifting equipment in the form of overhead cranes and truss cranes with a lifting capacity
from 2 to 280 tons with various operating modes: from repair to heavy (from 1K to 8K). The degree of aggressiveness of
the environment was mostly classified as non-aggressive or mildly aggressive.

The following structures were considered as groups of the same type: foundations, columns, walls, crane beams and
trusses, sub-trusses and rafter trusses, lanterns, slabs and coatings, connections along columns and coatings. In material
design these structures were divided into stone (brick, cinder block, butte), reinforced concrete monolithic and prefabri-
cated, steel, wooden. In most cases, the roof of the surveyed buildings was rolled, less frequently metal.

The workshops were inspected according to the standard methods endorsed in the national standards and regulations.
According to the guideline of the GOST 31937-2024 "Buildings and Structures. Rules for Inspection and Monitoring of
Technical Condition" and SP 13-102-2003 "Rules for Inspection of Load-Bearing Building Structures of Buildings and
Constructions"”, the work included identifying the geometric parameters of structures and assemblies, their compliance
with the design and regulatory documentation; examination of the identified defects and damage, identification of their
causes; instrumental control of the strength characteristics of the materials; specification of loads on load-bearing struc-
tures; verification calculations of damaged (defective) load-bearing and enclosing structures; identification of their tech-
nical condition; development of recommendations for repairing and strengthening building structures.

In order to analyze defects and damage, an electronic database was designed where the following information was
recorded: the name of an object; structural type of a building; year of commissioning and of inspection; a brief de-
scription of a building structure; characteristics of lifting equipment; aggressiveness of the workshop environment;
type of a structure, element and material of a construction; design and actual strength of a material; type and magnitude
damage (defect); frequency of damage in the form of a ratio of damaged elements to the total number of elements in a
building; localization and brief description of damage; cause of damage (defect); severity of defects in categories A,
B and C; coefficient of reduction in the strength of a damaged element; category of technical condition of a structure;
main recommendation for restoration.

Research Results. According to the data in Fig. 1, in terms of the degree of preservation characterized by the frequency
of damage and categories of technical condition, steel and reinforced concrete structures are superior to stone ones.

This is directly due to the uniformity of the material, which has an impact on its resistance and durability, as well as
the fact that stone walls are more susceptible to atmospheric erosion. On top of that, rapid damage to the corrosion pro-
tection of metal with low cross-section massiveness accounts for a frequent transition to a limited working condition of
steel structures (45.3%). Roof and wooden roof structures (“other" in Fig. 1) very frequently transition into a limited
working and inoperable state (92.5% of damage) due to a relative fragility of the materials and intense wear.

Damage or defect, %

10,2
80 42,2
58,1 36,6 4,3
60
40
~ 361 50,3
20 22 !
Stone Concrete and reinforced Steel Other
concrete
S WO®LO I WNE
Fig. 1. Comparison of the categories of technical condition of types of constructions in %:
S — serviceable; O — operational; LO — limited operational; | — inoperable; E — emergency
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Thus, the greatest degree of damage is observed in the structures forming a building shell: roof and covering, exterior
walls, as well as structures located close to it. Studies have shown that the frequency of structural damage drops in the
"top-down" direction: roof, covering, trusses, columns, etc.

The main causes of damage are roof and gutter leaks, wear phenomena (corrosion, humidification and defrosting,
destruction of protective coatings, etc.), as well as effects of various production technologies (crane cyclic loads, acci-
dental impacts by loads and workshop vehicles, cutouts of elements, aggressive environment, dust and scale accumula-
tions, etc.).

The following are the results of investigating the dependence of damage on operating time. As the graphs (Fig. 2)
suggest, reinforced concrete columns are damaged less intensively than steel ones. After 60 years of service life, about
20% of reinforced concrete columns and 30% of steel columns get damaged. After 100 years of service life, almost all
steel columns will have been damaged.

A more intense damage to steel columns is primarily due to metal corrosion (over 40% of damaged columns). The
intensity of damage to steel columns is described by an exponential dependence (Fig. 2). The accuracy of the approxima-
tion is satisfactory: the coefficient of determination R? = 0.788, the correlation coefficient is statistically significant.

Proportion of damaged columns

1.00

Steel //
0.80 ,-’/ N

- « Reinforced concrete y=0,0642¢0.02542 ¥ s
J <
R?=0,788 foo°
0.60 oevee Exponential (Steel) p ,i.".
- ot K
0.40 >
A
('..!! ot
0.20 " 3 L _—
iw;:-;:"... = s

0.00 =

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

Service life, years
Fig. 2. Dependence of the column damage on service life

The coefficient of determination is calculated as the ratio of the sum of the squares of the regression residuals to the
total sum of the squares:

(v, 9)
(v~ )

At R? > 0,95 the accuracy of the approximation is high, at 0,8-0,95 — satisfactory, at 0,6-0,8 — weak, at

<>

2
R2=1_ 2.

Yi—
Yi—

< |

R? < 0,6 — insufficient.
The average approximation error is the average relative deviation of the calculated values from the actual values vyi:

RS

niz

Y,

If the error is no more than 10-15%, the model is deemed sufficient.

Brick and reinforced concrete panel walls are damaged linearly depending on the service life and with an approximately
equal intensity of 0.7% per year (Fig. 3). After 60 years of service life, about half of the walls get damaged. The intensity of
damage to brick walls is described by a linear relationship. The accuracy of the approximation is high (R? = 0,967).

The damage-time relationship of reinforced concrete floors and coatings is approximated by a second-degree polyno-
mial close to a linear relationship of 1% per year (Fig. 4). The coefficient of determination R, = 0,95 is indicative of a
high degree of accuracy of the model.

100.
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More than half of the damage to the slabs is due to soaking due to roof leaks and wear of internal communications.
After 50 years of service life, about 40% of the plates get damaged, and after 50 years of service life, almost all the plates
get damaged.

Proportion of damaged walls

0.80

0.70 Brick y=0,00766x-0,0553
' R?=0,067

0.60

= Panel from reinforced

0.50 /“‘—'

040 _**++++ Linear (Brick) /‘/‘{(‘.’t'
0.30
0.20
0.10
0.00
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100
Service life, years
Fig. 3. Dependence of the wall damage on service life
Proportion of damaged reinforced concrete partitions and coatings
1.00 /
y=0,000064x2+0,0034x+0,0215

080 R2=0,950

0.60

0.40 —

0.20 //"*"“)f

0.00 0-10 11-20 21-30 3140 41-50 51-60 61-70 71-80 81-90 91-100

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

Service life, years

Fig. 4. Dependence of the floor damage on service life

The actual dependence of the proportion of damaged steel trusses (given the truss connections, rather than corrosion)
is best modeled by a linear relationship (Fig. 5). The value of the coefficient of determination Rz = 0.939 is indicative of
a high accuracy of approximation.

As can be seen, unless corrosion is considered, about half of the steel trusses are damaged after 55 years of service
life. Given the corrosion damage, 70% of steel trusses will have been damaged after 50-60 years of service life, and
almost all trusses after 100 years of service life. Half of the damage to steel trusses is due to corrosion caused by roof and
gutter leaks. Local bends of the elements have a frequency of 9.8%, the total bending of the rods is 5.9%.

Building constructions, buildings and engineering structures
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Proportion of damaged steel trusses

‘Without corrosion With corrosion «««««« Linear (Without corrosion)
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020  puuer"
0.00
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Service life, years

Fig. 5. Dependence of the steel truss damage on service life

From the obtained dependences of damage to the main load-bearing structures (Fig. 2-5), it can be concluded that the
maximum service life of industrial buildings is 70-80 years long. By this time, the wear of load-bearing structures reaches
60-70%. During this time, the production technology has progressed significantly, which most frequently requires sig-
nificant revamping of the production facilities.

The damage rate of steel crane beams does not directly depend on the service life of a building itself, as crane beams
are the most damaged structures and are subject to periodic replacement. The most frequent damage to beams is metal
corrosion (25.7%), broken fasteners (19.6%) and local damage to shelves and stiffeners (4.3%).

After averaging the damage data over 10 years (Fig. 6), it was found that the beams were changed with a frequency
of about 20 years.

Proportion of damaged crane beams (approximated)

1.00
/\
\

0.80 “/ \
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— N/ Re=0097 a
0.00 ,
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

Service life of a building, years

Fig. 6. Dependence of the average damage of crane beams on service life of a building (given a replacement)

According to the broken graph, the minimum damage values correspond to 20, 40, 60, 80 years of service life of a
building. The time trend shows that as service life increases, so does the intensity of damage to crane beams, which might
be due to a decrease in the overall rigidity of the frame over time [8, 16].

This frequency of beam replacement is confirmed by studies [17, 18] that revealed cracks in the first 20 years of
service life of a beam. After 25-50 years of service life, the number of beams with cracks increases up to a quarter. While
substituting 25 years of service life into the linear model (Fig. 6), a damage rate of 24.8% is obtained for crane beams,
which almost coincides with the data [17].

The analysis showed that service life of crane beams can be divided into conditionally permanent time periods: after
up to 25 years of service life, the average damage rate of beams reaches 30% resulting in repairs and restoration, leading
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to a twofold reduction in the number of damaged structures [6]. According to the graph, such conditionally permanent
time periods are about 20 years long. At the same time, with intensive crane operation, periods of repairs and replacement
of crane beams are reduced to 5-10 years [9].

Discussion and Conclusion. The results of the study of correlations of damage and service life are based on the
previously conducted and published studies by the author of the frequency of damage to structures of industrial buildings [19].
The rate of damage to steel columns of industrial buildings is higher than that of reinforced concrete. The intensity of
damage to steel columns is described by an exponential dependence, while that of reinforced concrete columns is linear.
The dependence "damage — service life" of reinforced concrete floors and coatings is approximated by a second-degree
polynomial close to a linear dependence of 1% per year. The same linear damage is typical of steel trusses. Brick and
reinforced concrete walls are damaged linearly depending on service life and with approximately equal intensity — 0.7%
per year. Crane beams are the most damaged frame structures and are subject to periodic replacement after an average of
20 years of service life (a specific frequency depends on the operating mode of cranes). The damage rate of crane beams
does not directly depend on service life of a building itself. The time trend has shown that as service life of a building
increases, so does the intensity of damage to crane beams, which might be due to a decrease in the overall rigidity of the
frame and wear of lifting equipment over time.

According to the results of the study of a sample of industrial buildings, the implicit features of damage accumulation
have been identified. Thus, for widespread steel columns and coating trusses, in comparison with reinforced concrete
ones, defects and damage were observed as early as at the initial stage of operation. Damage after 0 to 10 years of service
life for columns is 10% of the total number, damage to the coating trusses is 19—-32% of the total number. What is more,
the damage to the steel columns of buildings of less than10 years of service life turned out to be greater than for those
after 10-20 years of service life. It is obvious that defects and damage at the initial stage of operation are due to the
mistakes made during the QMS and acceptance control. Metal structures at the stages of storage, installation, and engi-
neering systems are damaged and accumulate defects (shelf bends, damage to protective primer, fire protection, defects
in bolted and welded joints) that are not eliminated in a timely manner before as object is put into operation. The analysis
of the inspections and examinations has identified the impact of the quality of the foundations for columns on a building
frame — deviations cause mismatches in holes, gaps in connected elements of a metal frame that appear at the assembly
stage due to the lack of recommendations developed in project documentation for eliminating them, no additional flat and
wedge-shaped gaskets and elongated bolts in standard Kits.

In order to increase the period of safe operation and intervals between repairs for newly erected industrial buildings
with a metal frame, it is essential to provide measures in advance or as part of maintenance for reducing the number of
defects and damage. It is recommended that a risk-based approach is applied to determining such measures considering
forecast likelihood of mistakes, frequency of defects and damage as well as restoration costs [20].

The resulting mathematical models of "damage-service life" can be employed in optimizing maintenance, planning
periodic inspections, ongoing and major repairs of buildings as well as in developing a strategy for enterprises to replace
fixed industrial assets.
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