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Reliability of Buildings and Structures: General Requirements, Terms, and
Indicators

Abstract. Modern buildings and structures, with their increasing complexity in design and operation, are transforming into unique
engineering systems, the failure of which can lead to significant material, moral, and human losses. Ensuring their reliability is
one of the most critical problems in the modern construction industry. This article systematizes the key provisions of reliability
theory as applied to construction objects. The main terms, such as dependability (failure-free operation), durability, maintainability,
and storability, are considered, and quantitative reliability indicators are analyzed. The evolution of calculation methods is
investigated, charting the transition from outdated deterministic approaches (the allowable stress method) to modern probabilistic
methodologies, which are based on the concept of limit states. The dynamics of reliability over the object's life cycle are discussed,
highlighting the typical "bathtub curve" phases of burn-in, normal operation, and wear-out. The article identifies the key challenges
in the practical application of modern probabilistic methods, particularly the gap between advanced theoretical models and the

lack of systematized empirical data on failures, which is necessary for the accurate calibration of national standards.
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Introduction.

The reliability of buildings and structures is one of
the most important problems of modern construction,
which has become particularly acute in recent decades.
This is due to the growing complexity of modern
objects, which may have many elements with complex
interdependencies, where failure can lead to large
material losses, as well as to the loss of human lives.
Reliability theory, which is the science of methods for
assessing and creating systems with specified reliability
indicators, plays an essential role in addressing this
challenge.

The reliability theory for buildings differs
significantly from the reliability theory for machines
and other equipment, which is due to several unique
features. Firstly, building structures have significantly
longer service lives, which are measured not in years,
but in decades and centuries. This circumstance
complicates the accumulation of credible technical and

economic information about the behavior of structures
throughout their full life cycle. Secondly, there is a need
to assess the technical condition of heterogeneous
structures that are operated in different conditions and
modes but are of different ages. This requires complex
statistical models to reproduce the processes of the
object's functioning.

Thirdly, the reliability of buildings is associated
with "mixed responsibility.” This means its assessment
depends not only on the economic consequences in the
event of failure but also on the probability of a negative
impact on human health, including injuries and
fatalities. The fourth difference lies in the limited
possibility of using structural redundancy as an
effective means of increasing reliability. The fifth
feature is the significant complexity of analyzing moral
obsolescence, which determines the moment of
modernization or replacement of the object, in contrast
to equipment with a short service life (5-10 years).
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The sixth difference is due to the low
maintainability of many building structures. Their
elements often have a sequential connection and rigid
interdependence, which makes it impossible to quickly
restore or replace individual parts with interchangeable
blocks, as is common in other branches of technology.
Another feature is the significant influence of the
property of storability on durability and dependability,
as destructive changes can occur at the stage of long-
term storage and transportation of materials. A final
distinction lies in the significant importance of non-
mechanical failures, not directly related to damage,
such as failures of the internal environment created by
enclosing structures (e.g., the microclimate in a
residential building).

The totality of these differences requires the
separation of building reliability into a distinct section
of construction science that operates with specific
terms and indicators. It should be noted that reliability
is a broader concept than strength, rigidity, or stability.
For example, reinforced concrete slabs that are strong
according to their initial characteristics may deform
beyond permissible values due to increased creep over
several years of operation. Thus, strength is only one
aspect of reliability, not its synonym.

Analysis of Recent Research and Publications

In modern construction science and practice,
reliability concepts are in a process of dynamic
evolution. A fundamental change in calculation
methodology, reflecting a growing understanding of
the probabilistic nature of loads and material properties,
was the transition from the outdated "allowable stress
method" to the modern "limit state method".

The allowable stress method, which was dominant
until the 1950s, was based on a simple deterministic

inequality: o < [0] o <[c] where the maximum stress

o must be less than an allowable stress [o]. This

allowable stress was determined by dividing the
material strength by a single, lumped "factor of safety."
This approach was purely deterministic and could not
account for the separate and random variability of
different loads and material properties.

In contrast, the limit state method, which appeared
in the second half of the 20th century, is probabilistic
in its nature and allows for the quantitative
consideration of uncertainties. Its basis is a
probabilistic approach to the calculation of loads and
resistances, which is now reflected in all modern
structural standards. This global shift in engineering
philosophy was not arbitrary; it was the result of
decades of theoretical development.

The foundational principles were established by
pre-normative bodies, most notably the Joint
Committee on Structural Safety (JCSS) in its
Probabilistic Model Code.

These probabilistic principles were then formalized
in key international and regional standards. The
International Organization for Standardization codified
this approach in 1SO 2394:2015, General principles on
reliability for structures, which provides the framework

for risk- and reliability-informed decision-making. In
Europe, the definitive standard became EN 1990:2002,
Eurocode 0: Basis of structural design, which
establishes the principles and requirements for safety,
serviceability, and durability for the entire suite of
Eurocodes. The superiority of the limit state method
over the allowable stress method is now well-
documented in contemporary research, demonstrating
more economical and consistent structural safety.

The Ukrainian construction industry is part of this
global harmonization. This approach has found its
reflection in the Ukrainian regulatory framework,
particularly in the State Building Codes (DBN).
Relevant documents, such as DBN V.1.2-14:2018,
System of ensuring reliability and safety of
construction objects. General principles for ensuring
reliability and structural safety of buildings and
structures are the practical embodiment of these
theoretical concepts. This standard implements the
probabilistic approach, notably by introducing
consequence classes (CC1, CC2, CC3) to differentiate
reliability requirements based on the object's
importance and potential damages.

Modern scientific publications, particularly the
works of  Lantukh-Liashchenko, analyze the
development of reliability theory in Ukraine
specifically within the context of adapting these
European standards (Eurocodes). This analysis
confirms that the Ukrainian construction industry is
aligning its standards with European principles, which
require deep probabilistic modeling. This advanced
methodology is being actively applied in Ukrainian
research to various structural challenges, including the
reliability of steel trusses and bridges.

Definition of unsolved aspects of the problem

The review of recent publications confirms a clear
and necessary global transition, which Ukraine is
actively participating in, from outdated deterministic
methods to a modern, probabilistic design philosophy.
The adoption of standards like DBN V.1.2-14:2018,
which are harmonized with the Eurocodes, represents a
significant advancement in the theoretical basis for
structural design.

However, this transition exposes a critical and
presently unsolved problem: the significant gap
between the adopted methodology and the empirical
data required to properly implement it. Probabilistic
methods, by their very nature, are data dependent. The
partial safety factors and load combination factors used
in limit state design are not arbitrary; they are calibrated
to achieve a specific "target reliability index" g = 3.8

for a 50-year reference period for consequence class
CC2). This calibration, in turn, requires robust
statistical models of loads and material resistances,
which must be based on a large volume of "credible
technical and economic information" and "complex
statistical models," as noted in the introduction.

While Ukraine has adopted the methodology of the
Eurocodes, it has not yet established a corresponding,
systematic, and national framework for the collection
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and analysis of failure data. As the conclusions of the
original analysis state, the "main unresolved problem is
the lack of systematized and credible information on
failures,” and this "lack of an empirical basis
complicates accurate calculations and forecasting".

Therefore, the unsolved aspect is this data-
methodology gap. Without a national empirical
database, Ukrainian engineers and regulators are
largely compelled to adopt the target reliability levels
and partial safety factors prescribed by the Eurocodes.
These factors, while well-researched for Western
Europe, may not be optimized for local Ukrainian
construction practices, material supply chains, or
specific environmental load conditions. This creates a
disconnect that hinders the full, localized, and
economically optimized application of the very
standards that have been adopted.

Problem statement and research methods

The purpose of this article is to systematize the
terminological apparatus, analyze the quantitative
reliability indicators, and review the modern
calculation methods for ensuring the viability of
construction objects. The specified specificity of the
industry shapes the approach to the entire life cycle of
the object, its operating conditions, and the quality of
execution at each stage.

Thus, the task of this article is to systematize the
theoretical foundations of reliability and review the
main terms. The research method employed is a
systematic analysis and review of foundational
academic literature, international and national
standards, and key theoretical concepts to provide a
holistic, consolidated overview of reliability in
construction, thereby establishing a clear basis for
future analysis and the enhancement of structural
safety.

Main material and results

Reliability is a complex property of an object that,
depending on its purpose and operating conditions,
combines several distinct properties. These are all
interconnected, but their relative significance may
change based on the object's function. Reliability is the
concept that allows an object to maintain, within
defined limits, the values of all parameters that
characterize its ability to perform its required functions
in specified operating modes and conditions. This
complex property is best understood by defining its
primary components.

The Comprehensive Properties of Reliability

Dependability is the ability of an object to
continuously maintain a working state over a certain
time or operating period. For non-repairable objects,
such as foundations or primary load-bearing elements
of slabs, dependability is the defining property, as their
failure  necessitates complete dismantling or
replacement.

Durability, in contrast, is the property of an object
to maintain its working capacity until a limit state is
reached, while allowing for interruptions in operation

for the duration of repairs. Durability is the main
property for objects subject to be repaired, such as
facades or roofs. Ensuring their working capacity
requires systematic measures to prevent and detect
damage.

Maintainability is the property of an object that
consists in its adaptability to technical maintenance and
repair to maintain or restore a working state. It includes
components such as technological adaptability (the
possibility of control and inspection), accessibility for
replacement, simplicity of dismantling, and
interchangeability of elements.

Storability is the ability of an object to retain the
values of its dependability and durability indicators
during and after long-term storage and transportation.
This property is critical for building materials and
products, as physical and chemical processes (e.g.,
oxidation, the effect of solar radiation) can act on them,
changing their structure and protective properties even
before the start of operation.

Safety and Survivability are also critical. Safety is
the ability of an object not to pose a threat to human life
and health, while survivability is the ability to maintain
limited working capacity in the presence of defects or
damage that were not foreseen by the operating
conditions (e.g., progressive collapse resistance).

The loss of system quality can be partial or
complete. This loss is called a failure - an event
consisting in the disruption of the object's working
state. It is important to distinguish between the failure
of an element and the failure of the object. If there is no
redundancy in the object, the failure of one element can
cause the failure of the entire system. However, the
failure of one three-layer wall panel, for example, does
not necessarily mean the failure of the building as a
system, although it may lead to a decrease in the
efficiency of its operation.

The transition of an object to a limit state
(hranychnyi stan) means that its further use for its
intended purpose is unacceptable, or the restoration of
its state is impractical. For non-repairable objects, the
limit state may occur because of failure, reaching a
predetermined service life, or moral obsolescence.

Quantitative Indicators of Reliability

Quantitative reliability assessment is carried out
using indicators that reflect the measure of an object's
inherent  properties. The main indicator of
dependability is the probability of reliable operation, or
the reliability function, which is defined as the
probability that the object will operate reliably in the
time interval from O to t:

Pt)=P(0,t) =P{T >t}=1-F(t) 1)

where T is the random operating time of the object
until failure, and F(t) is the distribution function of the
random variable T.

Hence, the opposite concept-the probability of
failure - is derived, which describes the probability that
the object will fail during a given time:
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Q) =Q(0, 1) =P{T <t} =F(t) @

Thus, the relationship between reliability and
failure probability is:

Q(t) =1-P(t) (3)

To determine the probability of failure, the failure
rate (A(t)) is often used, which characterizes the
probability of a failure occurring at time t on the
condition that no failure has occurred before this
moment. It is related to the failure probability density

function f(t) and the reliability function P(t) by the
relationship:

A(t) = () /P) 4)

where f(t) is the derivative of the distribution
function

For repairable objects, the indicator means time
between failures (MTBF) is used, which is calculated
as the ratio of the operating time to the average number
of failures.

Table 1 — Nomenclature of reliability indicators.

'\é?r;?jnizggurge Dependability Durability Maintainability Storability
Main P(t), Tm ™ vVm Tmy
Additional Mt), o(t) Ttp Hg (vo) -

Established ty ty - ty

Note: where Tmp - mean restoration time, Vm - mean storability time,
Tmy - mean time between repairs, ty - failure stream parameter,
Hs(vo) - probability of restoration within time vo.

Methods for Calculating the Reliability of
Building Structures

As reviewed, calculation methods have evolved
from a simple deterministic approach to the more
complex, probabilistic limit state method, which has
become the foundation of modern design.

The limit state method is based on the concept that
the forces, stresses, or deformations arising in the
structure from external influences should not exceed its
load-bearing capacity. This is expressed by the general
inequality:

N<® (5)

where N is the design force (effect) arising in the
structure, and @ is its design load-bearing capacity
(resistance).

The key difference of this method is the use of
probabilistic factors, known as partial safety factors.
The design load F is determined as the normative (or
characteristic) load F, multiplied by the reliability
factor for load Yf:

F = Frx YT. )

This Yf factor accounts for the possible unfavorable
deviation of the actual load from its normative value.
Similarly, the load-bearing capacity of the structure @
is also calculated considering probabilistic factors. It is
related to the normative material resistance through the
reliability factor for material ym.

R=Rn/ym 7

This ym factor accounts for the possible deviation
of material strength from its normative value. Thus, the
limit state method effectively separates the
uncertainties associated with loads from those
associated with materials, which is a significant
advancement over the single "factor of safety” in the

allowable stress method.

The values of these factors are not arbitrary. They
are directly linked to the "mixed responsibility" concept
and are selected based on the consequence class (CC)
of the structure, as defined in standards like DBN
V.1.2-14:2018 and EN 1990. A high-consequence
structure (e.g., a hospital, Class CC3) requires higher
reliability factors (e.g., yf=1.1xyf, CC2) than a low-
consequence structure (e.g., a storage building, Class
CC1), ensuring a consistent and appropriate level of
safety.

Furthermore, combination factors (i, or yl and yt)
are used to calculate the forces from different types of
loads (permanent, sustained, and short-term) when they
act simultaneously. For the main load combinations
Cm, the following ratio is used:

Cm= Pd+(yI11PI%+ y12P12+---) +

+(/tIPth+ pt2Pt2+ - ) ®)

where Pd is the permanent load, Pli are sustained

loads, and Pti are short-term loads, multiplied by their
respective combination factors. The general formula
for calculating the reliability of a structure,
incorporating all these factors, can be written in an
expanded form:

N (X Fniy figiyn, A, Q) < Rnymd(Q A)yc  (6)

where viis the load combination factor, A and Q are
geometric characteristics, yn is the reliability factor for
the structure's importance (related to consequence
class), and yc is the operating conditions factor.

Dynamics of Building Reliability over the Life
Cycle

The reliability of an object is not a static
characteristic; it changes over time. After construction
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is completed, the object has an initial reliability NO,
which begins to decrease from the first day of
operation. This dynamic is well-illustrated by the
failure rate curve, commonly known as the "bathtub

35

curve". This curve (Figure 1) describes the change in
failure rate A(t)over the life of an object and is divided
into three periods.
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Figure 1 — The "bathtub curve" illustrating failure rate A(t) over time.

Burn-in period. At this initial stage, the failure rate
is high but rapidly decreases. This is associated with the
detection and elimination of "infant mortality" failures-
technological defects related to manufacturing,
transportation, and assembly. In buildings, there are
failures like leaks or freezing at poorly executed wall
joints, which are typically identified and remediated
early.

Period of normal operation. After the initial defects
are eliminated, the failure rate stabilizes at a low,
relatively constant level. Failures during this "useful
life" period are considered sudden or random, often
associated with accidental load concentrations or
unforeseen phenomena not accounted for in the design.

Period of active wear-out. When elements begin to
reach their average service life, the failure rate begins
to increase rapidly. This is caused by natural and
cumulative degradation processes: material aging,
wear, fatigue, and corrosion.

This dynamic demonstrates that the causes of
failures change throughout the object's life cycle.
Failures at the burn-in stage are most often a
consequence of poor-quality control or design flaws,
whereas failures at the wear-out stage are caused by
natural, unavoidable  degradation  processes.
Understanding this life-cycle dynamic is essential for

planning maintenance, repair, and replacement,
forming the basis of modern life-cycle civil
engineering.

Conclusions

Summarizing the presented materials, it can be
concluded that the reliability of buildings and structures
is not a static characteristic, but a complex,
comprehensive property that is far broader than the
traditional concepts of strength and stability. The
unique specificity of construction objects-manifested in
their extremely long durability, low maintainability,

and high cost of failure (mixed responsibility) requires
the application of a specialized reliability theory that
differs from analogous fields of engineering.

The analysis showed that construction science and
practice have successfully adopted probabilistic
approaches, which is reflected in the necessary and
complete transition from outdated deterministic
calculations (the allowable stress method) to the
modern limit state method. Thanks to this method,
which is based on the use of partial safety factors for
loads and material properties, it has been possible to
significantly increase the accuracy and validity of
design decisions. This probabilistic methodology is
now codified in modern Ukrainian regulatory
documents, particularly DBN V.1.2-14:2018, which
harmonizes domestic standards with European and
international principles and confirms the industry's
transition to a more risk-oriented design philosophy.

At the same time, this analysis has identified that
significant challenges exist for the full implementation
of probabilistic reliability theory. The main unresolved
problem is the lack of systematized and credible
information on structural failures, which creates a
critical gap between the advanced theoretical models
and their practical implementation. The lack of a
national empirical database complicates accurate,
localized calculations and the forecasting of structural
behavior during operation.

Therefore, further research must be directed not
only at the refinement of theoretical models but also at
the creation of effective national systems for collecting
and analyzing operational and failure data. This will
allow for the solving of the multi-criteria optimization
problem: balancing initial investment costs with long-
term maintenance costs, while ensuring a precisely
calibrated and consistent level of safety for structures
of all consequence classes.
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HapivHicTb 6ymiBenb i cnopyq; 3arasnbHi BUMOTM, TEPMIHM Ta MOKA3HUKU

AnHotaujs. CyuacHi Gygieni Ta criopyau 3i 3poCTalouor0 CKNAAHICTHO NPOEKTYBaHHS M eKcrlyaTauyji TPaHCHopMyHTLCSA B YHIKasIbHI
iF)KeHepHi cMCTEMM, BiJMOBA IKNX MOXXe MPM3BECTU [0 3HAYHUX MaTepiasibHUX, MOParbHUX i NOACHKMX BTPaT. 3abe3neyeHHs IXHbOI
HafiMHOCTi € OHiEIO 3 HAWBAaXUMBILLMX Npo6rieM cyyacHol ByajBenbHol ranysi. Y cTaTTi cUcTeMaTM30BaHO KITHOUOBI MOMOXKEHHS Teopil
HafiHocTi cTocoBHO 06'ekTiB 6GynjBHUALTBA. PO3rnsHyTO OCHOBHI TepMiHW, 30KpeMa 6e3BigMOBHICTb, [OBrOBIUHICTD,
PEMOHTONPUAATHICTb | 36epeXXyBaHiCTb, @ TaKOX NPOaHasNi30BaHo KifbKiCHI MOKa3HWUKY HagiMHoCTI. [locnimkeHo eBotoLL0 MeToa B
pospaxyHKy, Lo Bigobpaxae nepexig, Bif, 3acTapinmx AeTepMiHOBaHWX MigxomiB (MeTody AOMYCTUMMUX HampyXeHb) [0 CyYacHWUX
iMOBIpHICHWUX METOLOMOrii , 3aCHOBAHUX Ha KOHLLeNLji rpaHUYHUX CTaHiB. O6roBopeHo AMHaMiKy HapiHOCTi MPOTSrOM XXWUTTEBOTO
LMKITy 06'EKTa 3 BUOKPEMIEHHSIM XapaKTepHUX tha3 «BaHHOI KPMBOI»: Mepiofay NpUpaLtoBaHHS, HOpMarbHOI eKcryaTaLyi Ta 3Hocy.
BusHaueHo KtouoBi NpobremMu NPaKkTUYHOro 3aCTOCYBaHHS Cy4acHUX iMOBIPHICHUX METO|B, 30KpeMa PO3puB MK PO3BUHEHWUMM
TeopeTUYHUMM MoJenaMM Ta BpakoM CUCTEMATM30BAHMX EMMIPUYHMX JAHMX NPO BifMOBW, HEOBXiOHWX ANA TOYHOI KanibpoBku
HaLjoHaNbHUX HOPMAaTUBHUX JOKYMEHTIB.
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