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ANALYSIS OF RELIABILITY MODELS FOR ROAD PIPE ELEMENTS
DESIGNED IN ACCORDANCE WITH EUROCODE

Purpose. The main goal of the work is the analysis of reliability models for road pipe elements designed in
accordance with Eurocode (EN 1990) through theoretical study. Additional objectives include: 1) theoretical study
and overview of the retrospect of the development of reliability theory in construction; 2) revealing the reasons for
the implementation of Eurocode as the world's first design system based on the principle of managed reliability; 3)
detailed description of the three levels (formats) of reliability assessment proposed by the EN 1990 standard.
Methodology. The research methodology is based on the theoretical study of reliability concepts, starting with the
first probabilistic methods of the 1930s. 1. Analysis of Historical Basis: Examination of the structural safety concept
by A. R. Rzhanitsyn (1952), known as the "second-moment method". In this approach, the generalized resistance
(R) and the load (E) are considered as random uncorrelated variables. 2. Study of EN 1990 Reliability Formats:
Analysis of the three levels of reliability assessment: — Level | (Semi-probabilistic method): Examination of the
classical approach using partial safety factors (y;); — Level Il (FORM): Analysis of the First-Order Reliability
Method, which is the basic method for Eurocode; — Level 11l (SORM): Analysis of the "Exact procedure” of
reliability theory, which involves analytical or numerical calculation of the probability of failure integral with
arbitrary distribution functions. 3. Application to Road Pipes: Consideration of the practical application of these
formats to road pipe elements, which are critically important engineering structures operating under a complex
combination of permanent loads (soil embankment) and temporary loads (rolling stock). Finding. Managed
Reliability: Eurocode is the world's first design system based on the principle of managed reliability. This principle
provides the designer with tools for the quantitative assessment and modification of the reliability level. Basic
Eurocode Method: It is justified that the First-Order Reliability Method (FORM), corresponding to Level Il, is the
basic method for Eurocode and has become a recognized tool for reliability management worldwide. Function of
Reliability: The reliability concept in Eurocode ensures the safety of structures. It also serves as a criterion for
project optimality and structural durability. Application to Road Pipes: — Level | is the primary approach for the
routine design of road pipes; — Level Il (FORM) is used for critical and large culverts. It allows for the quantitative
assessment of the reliability index  and ensures that it exceeds the minimum acceptable level; — Level 111 (SORM)
is practically not used in routine design but can be employed in scientific research or for unique objects to obtain the
most accurate estimate of the probability of failure. Originality. It is argued that the concept of reliability ensures
the safety of road pipes and provides the designer with tools for qualitative assessment and management of the level
of reliability, serving the criterion of optimality of the design and durability. Practical value. Safety Management:
The reliability concept embedded in Eurocode ensures the safety of buildings and structures. Optimization Tool: The
main principle of managed reliability allows the designer to quantitatively assess and change the reliability level,
serving not only as a measure of safety but also as a criterion for project optimality and structural durability.
Relevance for Road Pipes: The application of the three-level system for reliability assessment is especially relevant
for road pipe elements because it allows for accurately accounting for the complex influence of the soil embankment
and traffic load, ensuring their optimality and durability.

Keywords: Eurocode; reliability; limit state method; managed reliability; road pipe

Introduction probabilistic methods in construction. In the 1930s,
the first efforts to define and regulate the reliability
level of building structures emerged. Among the
pioneers in this field, M. Mayer and N. F.
Khotsialov are often mentioned.
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The concept of reliability, which forms the
basis of the Eurocodes (the method of partial safety
factors), is rooted in the first attempts to apply
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Significant contributions to the development of
reliability theory and probabilistic calculations
were made by M. S. Strelletsky and A. R.
Rzhanitsyn. Their work laid the foundation for
understanding the probabilistic nature of loads and
material strength. The development of the series of
building standards named "Eurocodes" was
initiated at an international level.

In the 1970s, the European Commission (then
the European Economic Community) adopted a
resolution on the need to harmonize building
regulations in member countries. This was
necessary to eliminate technical barriers to trade
and ensure a uniform level of safety in
construction. The Eurocodes began to be
developed under the patronage of the European
Commission as a set of unified technical rules.

In 1989, the responsibility for the development
and publication of the Eurocodes was officially
transferred to the European Committee for
Standardization (CEN — Comité Européen de
Normalisation). It is CEN that manages the process
of creation, updating, and publication of all parts of
the Eurocodes. Thus, the Concept of Reliability
(limit state method) originated in scientific circles
in the first half of the 20th century, and the
Eurocodes, as a set of documents embodying this
concept, were created at the initiative of the
European Commission and developed by the
European Committee for Standardization (CEN).

In Ukraine, the Eurocodes were implemented
as national standards (DSTU-N B EN, 2008).
Since July 1, 2014, the Eurocodes have been in
force in Ukraine in accordance with a Resolution
of the Cabinet of Ministers. The main document
introducing the concept of reliability in Ukraine is
DSTU-N B EN 1990:2008 "Eurocode. Basis of
structural design".

The article by A. 1. Lantukh-Liashenko
(JTauTyx-JIsmenko, 2014) contains an analysis of
the reliability models of elements designed
according to Eurocode (EN 1990). The author
highlights the retrospect of the development of
reliability theory in construction, reveals the
reasons for the implementation of Eurocode, and
details its reliability concept, particularly the
formats for reliability assessment.

The global goal of the work is the analysis of
reliability models of elements designed in
accordance with Eurocode, using theoretical
research (CIRIA, 1977; Schneider, 1994; 1997).

The presented article is devoted to the analysis
of reliability models of elements designed
according to Eurocode (EN 1990). The global goal
of the work is the analysis of reliability models of
elements designed in accordance with Eurocode,
using theoretical research. Special attention is paid
to the elements of road pipes, which are critically
important engineering structures operating under a
complex combination of permanent loads from the
soil embankment and temporary loads from rolling
stock.

Purpose

The main goal of the work is the analysis of
reliability models for road pipe elements designed
in accordance with Eurocode (EN 1990) through
theoretical study. Additional objectives include: 1)
theoretical study and overview of the retrospect of
the development of reliability theory in
construction; 2) revealing the reasons for the
implementation of Eurocode as the world's first
design system based on the principle of managed
reliability; 3) detailed description of the three
levels (formats) of reliability assessment proposed
by the EN 1990 standard.

Methodology

The key scientific ideas underlying the basis of
modern reliability theory are: the statistical nature
of the strength characteristics of the structure and
its load parameters, the proven necessity of a
probabilistic  assessment of the structure's
serviceability, the foundations of the limit state
method, and the concept of structural safety by
A.R. Rzhanitsyn (1952), which is the foundation of
reliability theory, formulated as a probabilistic
solution to the problem G = R—E. In this concept,
the generalized resistance of the element (R) and
the load (E) are considered as random uncorrelated
variables with a normal distribution.

The safety characteristic B (the reliability index
in Eurocode terminology) was defined as:

B=ng/og,

where ug and o — are the first moments of the
distribution  (mathematical  expectation and
standard deviation) of the safety margin G. The
probability of failure p was determined as
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pr =@ (=),

where @ — is the standard normal distribution
function. This approach later became known in
Western literature as the “second-moment method"
and became the basis for designing structures for a
specified reliability.

In the 1950s and early 1960s, reliability theory
experienced rapid development, using the
principles of probability theory, mathematical
statistics, and the theory of random functions.

Three interconnected scientific ideas formed
the basis of the new direction:

e external actions on the structure and its
behavior during operation are random processes
evolving over time;

o reliability is identified with the probability
of parameters being within the acceptable region;
exceeding this boundary is interpreted as a failure;

e structural failure is a consequence of the
gradual accumulation of damage.

These principles were embodied in the
fundamental research of V. V. Bolotin (1960s-
1970s). In Western literature, the beginning of this
period is associated with the work of C. A. Cornell
in 1969. In it, the central idea of A. R. Rzhanitsyn's
structural safety concept was presented with broad
generalizations, and the safety characteristic
received an elegant geometric interpretation as the
shortest distance from the origin to the design point
on the distribution density contour curve. The
further development of the method led to the
concept of determining the safety characteristic in
the most general case (arbitrary distribution
function and nonlinear limit state function)
(Hasofer, 1974; Stewart, & Melchers, 1997; Faber,
& Serensen, 2003).

Eurocode is a package of European regulatory
documents for the design of construction objects
(EN 1990:2002), the implementation of which is
part of Ukraine's state policy of integration with
the European Union.

The fundamental novelty of Eurocode is
recognized by world experts as the newest and
most sophisticated basis for regulatory control in
construction. It is the world's first design system
based on the principle of managed reliability and
durability. Unlike previous standards, which had
"hidden” reliability, Eurocode has an apparatus for
"managed” reliability, allowing the designer to
manage the reliability of the object during the

design process. The reliability level is checked
using a quantitative indicator and can be changed
upon the request of the client or the competent
authority.

In EN 1990, the concept of "reliability" is
defined as: "The ability of a structure or its element
to perform specified functions throughout its
design working life. Reliability is usually
expressed in probabilistic terms". Reliability
includes: safety, serviceability, and durability of
the structure. Reliability, in addition to its main
function of characterizing the safety level of the
structure, also serves as a tool for optimizing
project quality. The numerical parameter of
reliability is the probability that the limit state will
not be exceeded (P), and the probability that
complements P to 1 is treated as failure (py).

Eurocode offers the user three levels (formats)
of reliability assessment at the design stage.

1. Level I — Semi-probabilistic method

This is the classical approach, in which partial
safety factors y, are specified within the regulatory
document. The calculations are deterministic and
do not require the designer to perform any
probabilistic ~ calculations.  All necessary
calculations within the framework of probability
theory have been performed by the standard
developers. Project reliability requirements are
formulated as satisfying the inequality of the form:

E(Fw y)<R(ax, fi, 1),

where E — is the generalized external action; R
— is the generalized resistance of the element; F,
ax, f, — are the characteristic values of external
actions, geometric parameters, and mechanical
characteristics of materials; y, — are the partial
safety factors.

2. Level Il — First-Order Reliability Method
(FORM)

This is an analytical procedure of reliability
theory, based on the assumptions of A.R.
Rzhanitsyn and is the basic method for Eurocode.
It requires probabilistic calculations from the
designer. The method is based on the integral
probability of failure of two random variables
(resistance R and load E) assuming they have a
normal distribution and are mutually uncorrelated.
The safety condition is formulated as solving the
problem G=R-E. The safety characteristic
(reliability index in Eurocode terminology) is
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determined by the classical formula, in the case of
normal distribution:

Mg —He

Og o’R+c’E
where p i o — are the mean values and standard
deviations.

pote _

A graphical interpretation of the safety
characteristic in the space of generalized variables
E, R and failure probabilities pr, pe is shown in
(Fig 1). Fig 2 again shows a graphical
interpretation of the safety characteristic in the
plane of dimensionless variables E/cg, R/ok.
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Fig. 1. Safety characteristics
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Fig. 2. Safety characteristic in the plane of dimensionless variables

The design (calculated) values of external
action (E;) and resistance (Ry) are determined so
that the probability of obtaining a more
unfavorable value is:

P(E>Ed)=¢)(OLE, B),

P(R>Rd)=q)((1R, ﬁ),

where a — is the sensitivity coefficient of the
FORM method.

The minimum acceptable levels of the safety
characteristic § for the three types of limit states
are specified in EN 1990 (for example, for the
ultimate limit state for 50 years p =3.8).
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3. Level 11l — Exact procedure of reliability
theory (SORM)

This is an exact procedure of reliability theory,
based on the analytical or numerical calculation of
the probability of failure integral with arbitrary
distribution functions of load and resistance.
Eurocode does not  provide detailed
recommendations, limiting itself to the definition
of "exact methods".

Findings

The reliability concept embedded in EN 1990 is
universal and applies to all types of structural
elements, including road pipe elements. These are
engineering  structures laid under a road
embankment that provide water drainage. The
reliability of a road pipe is determined by its ability
to withstand high external forces (E) from the soil
embankment and moving load, as well as its
resistance (R) to bending, compression, and loss of
stability.

Application of Level | (Semi-probabilistic
method). This is the main approach for routine
design of road pipes. The engineer checks the
condition:

E(F« vi)<R(ax, fi, vk).

External actions F, (soil weight, traffic load)
are adjusted by partial safety factors yy.

Application of Level Il (FORM). Used for
critical and large culverts, as well as when flexible
structures (corrugated metal, polymers) are used,
where the interaction with the soil is critical. Since
the limit state of the road pipe G=R-E depends on
random variables, the FORM method allows for
the quantitative assessment of the reliability index
B and ensures that it exceeds the minimum
acceptable level established by EN 1990.

Level 11l (SORM). This level is practically not
used in routine design of road pipes, but can be
employed in scientific research or in the design of
extremely unique and critical objects to obtain the
most accurate estimate of the probability of failure.

Originality and practical value

It is argued that the concept of reliability
ensures the safety of road pipes and provides the
designer with tools for qualitative assessment and
management of the level of reliability, serving the
criterion of optimality of the design and durability.

Practical value. Safety Management: The
reliability concept embedded in Eurocode ensures
the safety of buildings and structures. Optimization
Tool: The main principle of managed reliability
allows the designer to quantitatively assess and
change the reliability level, serving not only as a
measure of safety but also as a criterion for project
optimality and structural durability. Relevance for
Road Pipes: The application of the three-level
system for reliability assessment is especially
relevant for road pipe elements because it allows
for accurately accounting for the complex
influence of the soil embankment and traffic load,
ensuring their optimality and durability.

Conclusions

The concept of reliability in Eurocode ensures
the safety of buildings and structures. The main
principle of this concept is managed reliability,
which provides the designer with the tools for
quantitative assessment and modification of the
reliability level. The First-Order Reliability
Method (FORM), which is the basic method for
Eurocode (Level 1), has become a recognized tool
for reliability management worldwide. The
application of the three-level system for reliability
assessment is especially relevant for road pipe
elements, as it allows for accurately accounting for
the complex influence of the soil embankment and
traffic load, ensuring the optimality and durability
of these critically important engineering structures.
The concept of reliability in Eurocode is not only a
measure of safety but also a criterion for project
optimality and structural durability.
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AHAJII3 MOJIEJEN HAJIMHOCTI EJJEMEHTIB JJOPOKHIX TPYBH,
1O HPOEKTYIOTHCA Y BIAITOBIAHOCTI 10 €EBPOKOAY

Mera. ['onmoBHa MeTa poOOTH — aHANi3 MOZENCH HAMIMHOCTI €IEMEHTIB MOPOXKHIX TPyO, IO MPOEKTYIOTHCS
BiAnoBinHO a0 €Bpokoay (EN 1990), uuisixoM TeOpEeTUYHOr0 AOCTiKeHHS. Jl0AaTKOBI 3aBAaHHS BKIOYAOTh: 1)
TEOPETHYHE IOCITIKCHHS Ta OTJIA PETPOCIEKTUBH PO3BHUTKY Teopil HamiHHOCTI y OYHIBHHLTBI; 2) PO3KPUTTS
NPUYUH BIPOBaKCHHS €BPOKOJY SK IEpHIOl y CBITI CHCTEMHM NPOEKTYBaHHS, IO 0a3yeTbcsi Ha IMPUHIMIIL
KepoBaHOi HaliliHOCTI; 3) NeTaJbHUIl omuc TpPhOX PiBHIB ((hopMaTiB) OWIHKK HAAIWHOCTI, 10 MPOMOHYIOTHCS
cranpaproM EN 1990. Meroanka. Meroauka JNOCHIKEHHSI 0a3yeThCss HA TEOPETHYHOMY BUBUECHHI KOHLETIIIH
HaJiHHOCTI, MOYMHAIOYH 3 MepuIHX iMoBipHicHUX MeToxiB 1930-x pokiB. 1. AHaii3 icTopuuHOi OCHOBH: BuBYeHHS
KOHLeNii cTpykTypHOi Oe3neku A. P. Pxaninuna (1952 p.), BiIOMOi SIK «METOI APYroro MOMEHTY». Y IIbOMY
migxoni omip emementa (R) Ta HaBaHTaxkeHHS (E) po3rismaroTbes SK BHUITAJKOBI HEKOpPENbOBaHI 3MiHHI. 2.
Busuenns ¢popmaris HagiiHocTi EN 1990: AHami3 TppoX piBHIB OIiHKH HagiiHOCTI: — PiBeHs | (HamiBiMoBipHICHMIA

MeTo[): BHBUCHHS KITACHYHOTO MiAXOMY, Ie BAKOPUCTOBYIOTBCS YaCTKOBI KoediuieHTH HagiiHocTi. (Yk); — PiBens 11
(FORM): Amnaniz Metony nepuioro mopsiiKy OIIHKH HaJiifHOCTI, SKMH € 0a30BUM METOAOM [uisi €BPOKOAY; —
Pigenb 111 (SORM): Ananiz «TouHoi nmpoueaypu» Teopii HaaiitHOCTI, O nependavyae aHaNiITHYHUN a00 YMCEeNbHHIA
PO3paxyHOK iHTerpaia WMOBIPHOCTI BiIMOBHU 3 AOBUILHUMHU (YHKIISIMU po3nofiny. 3. 3aCTOCYBaHHS 110 JOPOXKHIX
Tpy0: PO3rissn mpakTHYHOTO 3aCTOCYBaHHS IMX (OPMATIB IO €JIEMEHTIB JOPOXKHIX TpyO, SAKi € KPUTUIHO
Ba)XJIMBUMH 1H)KCHEPHUMHM CIIOPYAAaMH, IO TPALIOIOTh MiJ CKIaJHUM IIOE€IHAHHAM IIOCTIMHMX HaBaHTa)XKEHb
(TpyHTOBHI HACHI) Ta TAMYAaCOBHX HaBaHTaXXeHb (pyxomuil ckian). PesyasTaTn. KepoBana HamiliHICT: €BpOKO] €
TIEPIIIO0 Y CBITi CHCTEMOIO NPOEKTYBAHHSI, 3aCHOBAHOIO HAa NPUHIMII KepoBaHOi HafiHocTi. Lleit mpuHIMN Hanae
MPOEKTYBANBHUKY 1HCTPYMEHTApild AN KUTBKICHOT OIIHKK Ta Momudikarmii piBHsS HamiitHOCTI. ba3oswii metox
€Bpoxojay: O6rpyHToBaHo, 110 Meto/ nepiioro nopsaxy ouinku HaxiiiHocti (FORM), sikuii Bianosinae Piguio 11, €
0a30BMM MeTOJOM aisi €BpOKOAY 1 CTaB BH3HAHMM IHCTPYMEHTOM YIPpaBIIHHS HaJAIHHICTIO B YChOMY CBITI.
Oyukiis HagidHocti: Kowreniis HamifiHOCTi B €BpoKoal 3abe3meuye Oes3rneky crmopyla. BoHa Takox ciyrye
KPHUTEPIEM ONTUMAJIBHOCTI IPOEKTY Ta CTPYKTYPHOI JOBrOBIYHOCTI. 3aCTOCYBaHHS 10 AOPOXKHiX TpyO: — PiBenb I €
OCHOBHHMM II{AXOJIOM JJISi pyTHHHOTO NPOEKTYBaHHA AOpOokHIX TpyO; — Piens II (FORM) BHKOPHCTOBY€ETHCS IS
KPUTHYHUX Ta BEJIUKUX TpyO. BiH m03BONIsiE KiNMbKICHO OWIHMTH iHAEKC HamiidHocTi (B) Ta 3abe3mevnTH HOro
BINOBITHICTF MiHIMaNnbHO pomycTuMoMy piBHIO; — PiBenp III (SORM) mpakTWd4HO HE BHKOPUCTOBYETHCS B
PYTHHHOMY NIPOEKTYBaHHI, aje MOXe OyTH 3aCTOCOBAaHUI ISl YHIKQTbHUX 00’ €KTiB a00 B HAYKOBHX JOCIKECHHIX
JUISL OTPUMAaHHS HalTOYHIIIOI OLIHKY iMOBipHOCTI BiqmMoBH. HaykoBa HoBH3HA. OOTPYHTOBYETHCS, 110 KOHIETILIIS
HaJliHOCTI 3a0e3neuye Oe3neKy JOpoKHIX TpyO Ta HaJae MPOEKTYBAIBLHUKY IHCTPYMEHTAPIH ISl KiTbKICHOT OIL[IHKH
Ta KepyBaHHs piBHEM HAJIMHOCTI, CIyTrylOYH KPHTEPIEM ONTUMAJIBHOCTI IPOEKTY Ta JOBroBiuHOCTI. IIpakTmyHa
3HaYuMicTh. Yrpasiinas Oe3nekoro: Konuenuist HapiiHOCTI B €Bpokoi 3abe3nedye OGe3nexy OyiBenb i Cropy.
Inctpyment onTtuMizarii: OCHOBHMI NPHHIMII KEpOBaHOI HaJIIHOCTI JO3BOJIIE IPOEKTYBAJIBHUKY KIJIBKICHO
OIIIHIOBATH Ta 3MIHIOBaTH PiBEHb HAIIIHOCTI, IO € HE JUIIE Mipolo Oe3NeKH, aje ¥ KpUTepieM ONTHMAaIbHOCTI
MIPOEKTY Ta JOBIOBIYHOCTI CIOPYOW. AKTyaJbHICTH IJIS JOPOXKHIX TpyO: 3acToCcyBaHHSA TPUPIBHEBOI CHUCTEMH
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OLIIHKH HaJIilHOCTI € 0COOJIMBO aKTYaJbHUM JUISl €JIEMEHTIB IOPOXKHIX TPYO, OCKUIBKHM J03BOJISIE TOYHO BpaxyBaTH
CKJIaJHUI BIIMB I'PYHTOBOTO HACHITy Ta TPAHCIIOPTHOTO HABaHTa)KEHHS, 3a0€3Me4yloud IXHIO ONTHMAJbHICTH 1
JOBTOBIYHICTb.

Knrouosi crosa: €Bpokox; HaiHHICTE; METO TPAaHNYHUX CTaHIB; KEpOBaHA HAMIHHICTH; TOPOXKHI TpyOH
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