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Abstract

Introduction. Before repairing or reconstructing steel structures, it is necessary to obtain information about the strength
capacities of the metal. The estimated service life of metal structures is tens of years, but it is known that the mechanical
properties of the original metal change over time. Additionally, many facilities operate beyond these anticipated
lifespans. As some researchers have noted, the challenge of obtaining such information is due to several factors. Firstly,
in most cases, it is impossible to cut samples from existing structures. Secondly, the use of non-destructive testing
methods needs to ensure sufficient accuracy in assessment. Thirdly, non-destructive testing may not be physically
possible due to the design features of the object. Fourthly, survey work on the operating structure can be very laborious
and expensive, requiring a reduction in volume and cost. Fifthly, when assessing the mechanical characteristics of the
metal, it is important to apply an approach that guarantees the accuracy of results while minimizing work by utilizing
previously obtained information on similar metals. Given these challenges, the development of a methodology that
combines non-destructive testing with prior information is crucial.

In non-destructive testing of structures, methods for qualitative assessment of the condition of metal or welded joints
are used, such as ultrasonic, magnetic, and radiation techniques. There are also quantitative methods for evaluating
mechanical characteristics, such as using portable hardness testers. However, most methods for assessing strength
characteristics, such as yield strength and temporary tear resistance, are cumbersome and limited to laboratory settings.
The methods of clarifying experimental information using a priori data by experts are conventionally divided into
three categories:

— according to the priority of the weight of a priori and experimental data;

— extrapolation of past data to future periods;

— based on Bayesian procedures.

This article describes a non-destructive strength testing method based on indentation developed with the author's
participation and repeatedly tested in actual surveys. The aim of this article is to justify the author's methodology to
minimize the amount of required samples during survey work by combining non-destructive testing methods and
Bayesian accounting for experimental information.

Materials and Methods. The research plan involved analyzing experimental data on the mechanical properties of metals
and developing an algorithm to minimize the number of samples of control objects. Before measuring, the metal of the
structures was cleaned with a hand grinder. The method of non-destructive testing of the evaluation of mechanical
characteristics according to the parameters of the impact insertion of the indenter into the surface under study was used.
To minimize the amount of work, a Bayesian approach was used to reduce the variability of posterior values by
utilizing additional experimental data on the mechanical characteristics of such steels. The material St3 of strength class
KP 245 with yield strength of 245 MPa and tensile strength of 412 MPA was studied. Additional experimental data on
this material's properties were available from a previously studied metal structure.

Results. The method of non-destructive testing of the strength of metal in pipe structures has been implemented. This
method used prior information obtained from previous surveys of similar materials. Based on a Bayesian approach,
experimental and previous information was combined, in particular, the values of time resistance to rupture. A method
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for estimating the minimum required sample size of the examined structural elements was proposed provided there was
minimal risk from an estimation error. As a result of calculations, it was shown that the use of such a technique was
possible with a sample size of 2-3 elements.

Discussion and Conclusion. The proposed methodology was developed based on an analysis of more than 20 surveys
conducted to assess the strength of the existing metal structures. Using the non-destructive testing method, we were able
to simultaneously determine the yield strength, tensile strength, elongation, and hardness. The article presents data on
the values of tensile strength. It should be noted that although the duration of each measurement was 20-30 seconds, in
some cases it took longer to inspect large structures, such as bridges, which could take weeks. The calculation
performed using the proposed method, which combined experimental and pre-experimental information about one of
the strength characteristics of steel, temporary tear resistance, showed the high efficiency and potential for further
application in future surveys.

Keywords: mechanical characteristics, tensile strength, non-destructive testing, Bayesian estimation, optimal sample
size during testing
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AHHOTAIUSA

Beeoenue. Tlepen peMOHTOM WM PEKOHCTPYKIHEH CTalNbHBIX COOPY)XEHHH HEOOXOJUMO TMONYyYUTh MH(POPMAIHIO O
MIPOYHOCTHBIX BO3MOYKHOCTSIX MeTajuia. PacueTHple CPOKH CIy>KOBI METAJUIOKOHCTPYKIHUH COCTaBIAIOT AECATKH JIET,
MIPH 3TOM H3BECTHO, YTO MEXaHMUECKHE XapaKTEPUCTUKU UCXOTHOTO METaIa 3a 3TO BpeMs IPeTepIeBa0T N3MEHEHHS.
Kpome Toro, MHOTHE 00BEKTHI PabOTAIOT C MPEBBINICHUEM JTHX CPOKOB. Kak 0TMEuUaroT HEKOTOpPBIE HCCIeI0BaTENH,
mpo0ieMa MOJTYYEeHUS TAaKUX XapaKTePHCTHK CBsI3aHa C TEM, YTO, BO-TIEPBHIX, B OOJBIIMHCTBE CIy9daeB BRIpE3aHHE 00-
pa3IoB U3 AEHCTBYIOIIMX KOHCTPYKIIMA HEBO3MOXHO, BO-BTOPBIX, MPUMEHEHNE HEpPa3pYIIAIOLINX METOI0B KOHTPOJIA
JOJDKHO 00ECTIeYHTh JOCTATOYHYIO TOYHOCTH OLICHKH, B-TPETHHX, HEPA3PYIIAIONINA KOHTPOIh U3-32 KOHCTPYKTHBHBIX
ocobeHHOCTeH 00bekTa (PU3NIECKH BO3MOXKEH HE B JIFOOOW TOYKE, B-4€TBEPTHIX, 00CISIOBATEIBCKIE PAOOTHI AKCILTya-
THPYEeMOH KOHCTPYKIIMH BeChbMa TPYIOEMKH, JJOPOTH M TPEOYIOT CHIDKEHHUS Kak 00BEMOB, TaK M CTOMMOCTH, B-TISTHIX,
TIPY OLICHKE MEXaHWYECKNX XapaKTEPUCTUK UCCIEAYEeMOro MeTajla He0OX0JMMO NTPUMEHEHHE MOAX0/1a, TT03BOJISIOLIE-
ro 00ecreynTh TOYHOCTh PEe3YJIbTaTOB ¢ MUHUMH3ALUEH 00bEMOB PadOT 3a CUET MCIOJIB30BAHUS paHee I0Jy4YeHHOU
HH(OpPMAIIMHU 0 XapaKTePUCTUKAX MeTaJlla NOAOOHON KOHCTPYKUMH. BeliecTBre U3II0)KEHHOTO BOSHUKAET 3aj1a4a pas-
paboOTKK METOANKH, 00BEUHSIONIEH METO bl HEPa3PYIIAIOIIEro KOHTPOJIS M y4eTa anpuoOpHOU HH(OPMAIHH.

[Tpu Hepa3zpymIaronieM KOHTPOJIe KOHCTPYKLUIA Ha MPAKTHKE MPUMEHSIOTCSI METO/Ibl KAY€CTBEHHOM OLIEHKH COCTOSHHMS
MeTajla UM CBAapHbIX COCAUHEHMM, TaKUe KaK YJIbTPa3BYKOBOM, MarHUTHBIN, paguallMOHHBIA U 1p. Takxke UMEOT Me-
CTO KOJINYECTBEHHBIE METO/IbI OICHKH MEXaHUYECKUX XapaKTePUCTHK, HAIIpUMep, C TIOMOIIbIO TIEPEHOCHBIX TBEPIOME-
poB. OmHako mpubdopHOe obecredeHrne OONBIIMHCTBA METOJOB OIIEHKH MPOYHOCTHBIX XapaKTepUCTHK (Tpereria TEeKy-
YeCTH, BPEMEHHOTO COTIPOTHUBIICHUS Pa3phIBY) TPOMO3IKO HIIH OTPAHUYICHO JIUIIB JIAO0OPATOPHBIMI PAMKaMH.

MeTo/b yTOUHEHUS! SKCTIEPUMEHTAIBHOW HH(POPMAIIMK Ha OCHOBE MCITOJIb30BAHMS allPUOPHBIX JaHHBIX CHELHaINCTa-
MH yCJIOBHO pa3zieiIeHbl Ha TPH IPYIIIbL:

— TI0 TIPHOPUTETY BECOB alIPHOPHOMN U OIBITHOH nH(pOpManny;

— DKCTPAIIOIMPOBAHUE MTPOILIBIX JAHHBIX Ha OyyIHe IepHoOIbl;

— OCHOBaHHBIX Ha 0aiieCOBCKHUX MPOLEIYPax.

B crarbe omcan MeToz Hepa3pyIIaroIero KOHTPOJISI IIPOYHOCTH Ha OCHOBE MHICHTUPOBAHHS, pa3pad0TaHHbIN MPH y4acTHH
aBTOpa ¥ MHOTOKpPAaTHO arpOOUpPOBAHHBINA B pealbHBIX 0OcienoBanusx. Llenb naHHOM craThu 3aKiro4yaercs B 000CHOBaHHU
MPEIIOKCHHOM aBTOPOM METOIMKH MUHUMHU3AIMU 00beMa HEOOXO0IMMOM BRIOOPKH TIPH 00CIICI0BATEILCKUX PaboTax, OCHO-
BaHHOU Ha 0OBETMHEHNH METOZOB HEPA3PYIIAIOIIEro KOHTPOIIS U 0aleCOBCKOTO yUeTa IOOMBITHOW HH(OPMALIIH.
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Mamepuansl u memodsl. Ilnan uccienoBaHus BKIIOYAT B ce0sl aHANW3 JOONBITHON MH(OpMalMK O MEXaHHYECKUX
XapaKTepUCTUKAaX METAaVIOB W Pa3padOTKy alropuTMa MHHHMH3AaLUKM oObeMa BBHIOOpPKH 00BeKkTOB KOoHTpoiss. Ilepexn
H3MEpPEeHHEM MEeTaJll KOHCTPYKIMI 3a4uIiaics pydHoi nuindoBaipHON MalMHOM. Vcronbp3oBaics MeTol Hepaspyia-
IOLIET0 KOHTPOJISI OLIEHKH MEXaHWYECKUX XapaKTEepUCTHUK II0 apaMeTpaM yAapHOrO BHEIPEHHs MHIIEHTOpa B HCCIIENy-
eMyI0 MTOBEPXHOCTh. Jl1si MUHUMHK3AIMK 00beMa padoT MPUMEHSUIICS 0alileCOBCKUH IMOIXOMA K COKPAILICHHUIO AUCIIEPCHI
arloCTEPUOPHBIX 3HAYCHUH 3a CUET MCIIOJIb30BAHUS JOOIBITHON MH(POPMAINK O MEXAaHHYECKUX XapaKTEPHUCTHKAX IMO-
no6ubIx cranei. Mcenenoaincst marepuan Cr3 xiacca npounoctu KII 245 ¢ npenenom tekydectn 245 MIla u Bpemen-
HBIM CONpPOTHBIEHHEM pa3pbiBy 412 MIIA, no xapakTepHCTHKaM KOTOPOTO Ha paHee HCCIEJOBAHHOW aHAIOTMYHON
METAJUIOKOHCTPYKIINHU NUMeJIach TOONbBITHAs HHpOpMaNys.

Pesynomamut uccnedosanus. Pean3oBaH MeTOJ] HEpa3pyIIAIOIIEr0 KOHTPOJSI MPOYHOCTH MeTajula TpyOHO# KOH-
crpykuun. [Tpn 3ToM rcnonb3oBaHa anpropHast HHGOPMAIHS, MOTy4YeHHas IPU MPEAbIIYIINX 00CIe0BaTeIbCKUX pa-
00Tax aHaJOrM4HOro Marepuaina. Ha ocHoBe OaifecoBCKOro moaxoaa o0beIMHEeHa ONBITHAS U JI0OTBITHAS HHPOPMAIIHS,
B YaCTHOCTH, O 3HAUEHHSIX BPEMEHHOTO CONPOTHBIICHUS pa3pbIBy. IIpemiokeHa MeToinKa OLeHKH MUHUMAIIbHO HE00-
XOAMMOro 00beMa BBIOOPKH 00CIIEIyEeMbIX JIEMEHTOB KOHCTPYKIMH MPU YCIOBUM MUHHMAJILHOTO PHCKa OT OIIMOKU
OlLlIeHMBaHMA. B pe3ynbTare pacueToB yCTaHOBJIEHO, YTO MPUMEHEHHE TaKOH METOJUKH BO3MOXKHO IPpH 00BEME BBIOOD-
KH B KOJIMYECTBE IBYX-TPEX IIEMEHTOB.

Oébcyycoenue u 3aknwuenue. llpelyiokeHHass METOAMKA SBWJIACH CJIEJCTBHEM aHalW3a pe3yJbTaToB 00-
nee 20 poBeAEHHBIX 00CIEAOBATEIBCKIX Pa0OT IO OIEHKE MPOYHOCTHBIX BO3MOXKHOCTEH NEHCTBYIOMNX METaJTHIC-
CKMX KOHCTpyKImH. Ha oCHOBE IMPHMMEHEHHOTO METOAa HEpa3pyIIAIOIIEro KOHTPOJISI OAHOMOMEHTHO OMNPEACISINCH
MpeJeN TeKy4eCTH, BpEMEHHOE COIPOTUBIICHUE Pa3phIBY, OTHOCUTENIEHOE YAIMHEHUE U TBEPAOCTh. B cTarhe mpusese-
HBI JTaHHBIC U1 3HAUCHWH BPEMEHHOT'O CONPOTHBIEHUS pa3pbiBy. ClieyeT OTMETHUTh, YTO JaXXE NPH YCIOBHHU IJIH-
TeNbHOCTH ofHOrO M3MepeHust B 20-30 cek. B HEKOTOPBIX Clly4yasXx Ha 00CiIeoBaHUE KPYITHBIX COOPY)XEHHH (HamnpH-
Mep, MOCTOB) TPeOOBAJIOCH 3HAYUTEIILHOE BPEMs, MHOTIa U3MEpsieMOe HelleNIIMH. BBINOIHEHHBIH pacyeT Mo MpeJyio-
JKCHHON METOJIMKE, 00beIMHMBIIIEH ONBITHYIO U JOONBITHYIO HHPOPMAIHIO 00 OZHOW U3 TIPOYHOCTHBIX XapaKTEPUCTUK
CTaJIM, BpEMEHHOM COIPOTHBIICEHHH Pa3pbIBY, MOKa3aJ BHICOKYIO d3(QPEeKTUBHOCTh MPUMEHEHHUSI TAKOTO MOJX0Ja U BO3-
MOJKHOCTh JTAJIbHEHIIIETO ero MPUMEHEHHS MPH 00CIIeI0BATEILCKUX padoTax.

KnroueBble ci10Ba: MeXaHWYECKHE XapaKTEPHCTHKH, BPEMEHHOE COIIPOTHBIICHHE pa3phIBY, Hepa3pyLLaromuii
KOHTPOJIb, 0alieCOBCKOE OLICHUBAHNE, ONITHMAJIBHBIN 00beM BBIOOPKH IPH HCIBITAHUSIX

BaarogapHocTH. ABTOp BBIpaXaeT TIIyOOKYI0 NPHU3HATENBHOCTh M OmaromapHocth A.H. beckonmbuibHOMY U
A.A. BepeMeeHKO, TPUHAMABIINM BMECTE C aBTOPOM yJacTHe B 00CIIEIOBAHIH METAJUIOKOHCTPYKIIHH.

Jas  uutupoBanmusi. Bepuesu H.JI. Omnpenenenne onTuMambHOrO 00bEMa 3JIEMEHTOB  CTPOMTEIBHBIX U
MAaIIMHOCTPOUTENBHBIX KOHCTPYKIMI IIPH HEPa3pyIIAIOIEM KOHTPOJIE X MPOYHOCTH. be30nacHocms mexHo2eHHbIX U
npupoouvix cucmem. 2024;8(4):29-38. https://doi.org/10.23947/2541-9129-2024-8-4-29-38

Introduction. The article discusses the problem of surveying steel structures prior to their repair or reconstruction.
The issue arises due to several factors, including the impossibility of cutting out samples for standard tests from the
existing structures, the need to ensure sufficient accuracy of the results of non-destructive testing, the impossibility of
conducting non-destructive testing in all studied places of the structure due to the design features of the object, high cost
and high complexity of the examination of large structures (for example, steel bridges). For this reason, it is necessary
to develop an approach to the examination of structures that will ensure the accuracy of the results while minimizing the
amount of work. This can be achieved by using previously obtained information about the characteristics of the metal of
the structure.

When developing such an approach, three important questions need to be answered:

— how do the properties of the metal change during the operation of the structure;

— how should information be obtained;

— how to supplement it with known experimental information and minimize the amount of survey work.

The answers to these questions are extremely important, as it is known that under the influence of various factors
(temperature or force in the form of cyclic loads), changes in the strength characteristics of a metal may occur.

The literature offers different interpretations of the first question (how the properties of metal change during the
operation of the structure). V.I. Bryushko in [1] indicates an increase in strength characteristics and a decrease in
ductility of steels 20, 15X5M, 19G. In [2] G.N. Nikiforchin, O.T. Tsirulnik, O.I. Zvirko, M.I. Gredil, V.A. Voloshin
provide information about an increase in strength characteristics during the first 20 years of operation of a steel
17G pipe, and a steady decrease in strength and ductility over the next 10 years. In their work of I.V. Gorynin and
B.T. Timofeeva [3] note the stability of mechanical characteristics of the metal in nuclear power structures and 17G1C
pipe steel over 25-40 years of operation. The author of work [4] V.V. Kiselev draws attention to the fact that the nature
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of changes in the strength and plastic characteristics of steels mainly depends on the temperature influence and loading
parameters, primarily cyclic. As a result, it is not entirely correct to focus on the values of the characteristics of the
source material specified in the technical documentation. Moreover, such documentation may simply be lost over a long
period of operation. Therefore, in order to obtain an objective assessment of changes in material characteristics, it is
necessary to periodically or continuously monitor the condition of structures. Today, this practice is extremely rare.

The solution to the problem of obtaining information about the current design, especially if monitoring is taken into
account, is exclusively related to non-destructive testing. Currently, non-destructive testing of structures uses methods
of qualitative assessment of the state of metal based on the use of ultrasound, acoustic emission, radiation flaw detection
for metal [5, 6], welded joints [7, 8] or in hard-to-reach places [9]. These techniques allow us to determine the presence
of defects in metal, but they do not provide a quantitative measure of the material's ability to resist external forces.

There are techniques and portable devices available to assess the hardness of materials. One method for determining
mechanical characteristics involves constructing stretching diagrams based on indentation results, such as by using an
indenter [10]. The article [11] considers the issue of evaluating the mechanical characteristics of plastic materials by the
ball indentation method based on the application of a finite element model. In [12], the problem of indentation of plastic
materials with ball indenters is considered using numerical modeling. The sensitivity of the numerical results to the
elasticity of the indenter is investigated. However, the instrumentation used in these methods is often cumbersome and
is only used in laboratory settings, making it impractical for survey work.

Often, the controlled sites within a structure that need to be monitored are difficult to reach, and therefore, it is
essential to have a tool that enables you to minimize the number of samples collected during survey work. At present,
the range of techniques that allow for the joint processing of prior and experimental data is rather limited. In fact, there
are three main categories: methods for assigning weights to prior and experimental information in posterior estimates,
methods for extending past data into the future, and methods based on Bayesian procedures.

The authors of the article, V.N. Arsenev and P.V. Labetskii, [13] note that the issue of selecting a criterion for
determining the significance coefficient of a priori information remains unsolved.

Bayesian procedures make it possible to reduce the a posteriori variance of the random variable under study by
combining experimental and pre-experimental information. Experimental information can be expressed, for example, in
the knowledge about the type of distribution of a random variable or one of its parameters.

Techniques based on the use of Bayesian procedures are widely applied today. These techniques are used to describe
a systematic approach to decision-making, based on a large number of examples developed by the authors of the
work [14]. The authors of the article [15] apply Bayesian analysis to assess economic uncertainty in investor behavior
prediction. It is noted in [16], that the use of Bayesian parametric models for assessing survival in medicine is not
inferior to traditional approaches, but requires less parameter tuning and increases the possibilities of statistical
conclusions and forecasts. In [17], a methodology for developing a classifier of common dental diseases based on
Bayesian statistical procedures is proposed.

In general, it is worth noting that methods of non-destructive testing, as well as methods of accounting for a priori
information, have been highlighted and described in detail by many authors. However, it is obvious that the
development of a methodological approach to solving the problem of minimizing the sample size of the examined
elements has not been fully worked out, especially with regard to the method based on the synthesis of non-destructive
testing of mechanical characteristics by indentation and Bayesian accounting of a priori information.

It is therefore essential to develop systems for monitoring the condition of metal structures based on non-destructive
testing of mechanical characteristics by the indentation method. At the same time, in order to reduce material and time
costs, such monitoring should be carried out using the possibilities of taking into account additional information about
other similar objects.

The aim of this article is to substantiate the methodology proposed by the author, which combines the use of the
original non-destructive testing method with the Bayesian approach for calculating the minimum necessary volume of
examined elements, carried out on a specific example.

Materials and Methods. By order of a construction company, the metal pipe sheet piling structures were inspected
during the construction of a building at 51 Gorsovetskaya Street in Rostov-on-Don. Most of the pipe structures had
already been put in the ground, while a small number that had not been put yet had to be inspected to assess their
mechanical properties. At the same time, it was important to use the minimum number necessary from the standpoint of
minimizing the error in the results of such an inspection.

For this purpose, additional experimental data was used on the strength of 11 low-carbon steel pipe elements
obtained by non-destructive testing during the construction of a building at 23 Suvorova Street in Rostov-on-Don,
Additionally, we used a Bayesian estimate of the optimal number of elements required for this experimental
examination of pipe elements of a similar strength class.
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The article describes an original method of non-destructive testing, developed with the participation of the author,
which allows you to simultaneously obtain values of temporary tear resistance, yield strength, hardness and elongation
at a local site of any operated metal structure. The method is especially effective when examining metal of the same
strength class of similar machine structural elements (sections of a tower crane), for example, when it is necessary to
conduct an examination of the condition of a lifting crane!, that has served its service life, or here are doubts about the
deformations. At the same time, it is often very difficult to inspect the elements of a metal structure, even by non-
destructive methods, due to technical difficulties in accessing certain areas. Therefore, the question arises about how to
minimize sample size while maximizing information content based on a priori knowledge.

The non-destructive testing method used is based on the impact insertion of a conical indenter into the tested
metal [18]. This method is implemented in the “Strength” system, which include a spring-loaded impact mechanism
with an induction sensor for recording the speed of movement of the indenter, an analog-to-digital converter and a
laptop. The velocity graph obtained during impact is differentiated and integrated to plot acceleration and
displacement graphs, respectively. The extreme values of the three graphs represent an image of the metal.
Previously conducted experiments with various grades of steel allowed us to establish and enter into a computer the
correlations between standard yield strength and temporary tear resistance, hardness, elongation, on the one hand,
and maximum and minimum values of velocity and acceleration, the depth of indenter insertion, on the other.
Measurement using the repeatedly tested “Strength” system is possible for a section of an element with a diameter
greater than 3 centimeters. The total error of the instrument is +4%.

With the help of the “Strength” system, dozens of structures were examined according to orders from manufacturing
enterprises. These included booms, running wheels, frames of construction and road vehicles, various construction
metal structures of stadium stands, roof trusses, power transmission poles, bridges, pipes, etc. [19]. In three-dimensional
structures with a large number of similar elements, it is recommended, in accordance, for example, with
SP 13-102-20032, to examine at least 10% of these elements from their total number. This can amount to several dozen
elements for a building structure, determining a significant amount of labor and cost for the work performed.

When examining, for example, a lifting crane boom, which may have up to 100 or more identical parts, the volume
of the sample that is acceptable is also important.

However, when it is difficult to take even a few measurements in hard-to-reach areas, the issue of reducing the
number of elements examined becomes relevant.

To address this issue, we apply the Bayesian method, which takes into account a priori information.

Let us assume that it is necessary to obtain information about the mechanical properties of the metal in the structure
that has been operating for a long time (for diagnosis, monitoring or subsequent reconstruction in conditions of limited
access to controlled elements of the same type) when the examination is carried out by non-destructive testing.
Additional experimental data is used to justify the required sample size of n surveyed elements of the same type. In this
case, we have average value 4 o, Of the measured value of the characteristic, variance S? of its experimental values and
a priori information about this characteristic of the metal of a similar strength class.

In the pre-experimental (a priori) knowledge of distribution o,, there is parameter p expressing the mathematical
expectation of the value of tensile strength o,. From previous experience, density H(n) of the distribution of this
parameter is known. Let (osr | 1) be the density of the distribution of values oy, obtained as a result of this measurement,
provided that mathematical expectation Gy, is . Then a posteriori density K (i | oy;) of the distribution of parameter p
of the measured random variable of characteristic 6, in accordance with Bayes' theorem, will be expressed as follows:

K(ulowm)~H(n) (0w 1), (1)

where K (U | ow) — density of the a posteriori distribution of parameter u, synthesizing experimental and a priori
information, provided that experimental values G, are realized. In the expression for this density, parameter p will be
understood as the mathematical expectation of the value of tensile strength o, after the implementation of the measured
current values Gy;.

The main condition for practical application of formula (1) is the conjugacy of distribution densities H() and
g(osr | p) (i.e., the possibility of obtaining a convenient result).

The densities of two normally distributed random variables are best conjugated. However, numerous studies have
found that the distribution of mechanical characteristics is most reliably described by Weibull's law, since it has a
distribution shift parameter or a minimum characteristic value hat is not in the sample but in the general population.
This inconvenience can be eliminated if we take as G, not the instantaneous, but its average value G op. Then in

'RD 10-112-2-09. General Purpose Boom Cranes and Lifting Cranes, Part 2. (In Russ.) URL:

https://meganorm.ru/Data2/1/4293828/4293828984.pdf (accessed: 15.05.2024).
2SP 13-102-2003. Rules for Inspection of Load-Bearing Building Structures of Buildings and Structures. (In Russ.) URL:

https://docs.cntd.ru/document/1200034118 (accessed: 15.05.2024).
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accordance with central limit theorem H(p) and g(owr op | #4) can be assumed to be normally distributed, and the a
posteriori distribution density of parameter p is expressed as:

P(“|GBT7CP’S)~ P(M)‘g(GBTicp “’LS)’ (2)
where Gy oo — not current, but average values of measured experimental value oy, and p, S — their mathematical
expectation and standard deviation, respectively.

In this case, P([L | Gsr_cp, S) Will also have a normal form, and the a posteriori estimate of variance D[] will take the
form [20]:

SaS?
D [ },L] = ¢S2 5 (3)
S+
n
where 5, — respectively, the standard deviations of the average value of a random measured value from p and u from
W Me — mathematical expectation p; n — required number of experimental data or a sufficient number of

experimental $°, measurements from the condition of minimal risk from estimation error. Therefore

_St(si-plu])
Sa-Dlu]

Let us note that in formula $% and S?, have a priori information, the a posteriori information is expressed in a
posteriori variance D[u] and the number of necessary experimental measurements .

The work investigated the material of tube steel, which was intended for the construction of sheet pile screen for a
construction pit.

Research Results. The procedure proposed above was based on the use of similar information about the mechanical
properties of sheet pile pipes obtained during the examination of similar steel piles-pipes of the screen. During the
initial examination, it was found that the tensile resistance of a sheet pile screen material was 418 MPa
at 51 Gorsovetskaya Street.

The average value of the tensile strength of the metal of the batch of pipes examined earlier (at 23 Suvorov Street)
was 405 MPa, which indicated that both batches of pipes belonged to approximately the same strength class. This
information was used as a priori. Table 1 shows the values of tensile strength of the metal of the 11 pipes previously
examined, ranked in ascending order.

“

Table 1
Values of tensile strength obtained by measurement on 11 pipes, MPa

393 399 402 408 417
394 399 402 408 418
394 399 402 409 418
394 399 402 411 418
395 400 403 411 419
396 400 403 411 420
396 400 404 412 420
396 400 405 412 421
396 400 405 412 425
396 400 405 412 426
396 400 405 412 426
396 400 405 412 427
397 400 406 413 427
397 401 406 413 430
397 401 406 414 430
397 401 407 414 435
398 401 407 415 436
398 401 407 416 436
398 402 407 416

398 402 407 416
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Figure 1 shows the frequency of ., values of tensile strength with standard deviation So, = 11.3 MPa and dispersion
S%6, =110 MPa?.

n3H
14 14
13 13
12
12 .
8
8
6
43 3
2

0 I

393 395 398 399 402 408 410 417 424 £33 o, MPa

So,=11.3MPa  S%6,=110 MPa

Fig. 1. Distribution of tensile strength values of metal pile pipes of sheet pile screen at Suvorov Street, 23 in Rostov-on-Don

Average values of tensile strength oyep «p for each of my, pipes are shown in Figure 2 and Figure 3 — their
distribution with average value G, = 405 MPa, standard deviation So, = 3.6 MPa and dispersion $%c,; = 14 MPa?.

To calculate a sufficient sample size using formula (4), a posteriori variance D[] is determined as follows. For
St3 steel of strength classes C255-C275, from which the pipe is made, a range of possible values of tensile strength®
from 380 to 400 MPa is provided, i.e. based on the rule of three sigma of a normally distributed random variable, the
permissible range of 20 MPa approximately corresponds to six standard deviations

Then a posteriori standard deviation will be expressed as (20/6) = 3.33 (MPa).

Since the reasoning concerns the average values of tensile strength, we can use the ratio of a priori standard
deviations of current (110 MPa) and average (14 MPa) values of tensile strength, assuming that their ratio in the a
posteriori estimate will remain approximately the same.

Opep 1p» MPa
412
410
408 408
406
405 404 _| 404
402
401 401 401 401
400
395
1 2 3 4 5 6 7 8 9 10 Moy,

Guep =405 MPa G, =11.3 MPa 8%, = 110 MPa?

Fig. 2. Average values of tensile strength of metal of 11 pile pipes of sheet pile screen at Suvorov Street, 23 in Rostov-on-Don

3GOST 27772-88.  Rolled  Products  for  Structural — Steel — Constructions. — General  Specifications.  (In  Russ.)  URL:

https://docs.cntd.ru/document/1200003192 (accessed: 15.05.2024).
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My,
4
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1
| .
0
401 402 405 407 So,, MPa

SGBcp =3.6 MPa SQO'scp =14 MPa

Fig. 3. Distribution of pipes with average value csep = 405 MPa, standard deviation Sos = 3.6 MPa and dispersion S%cs = 14 MPa?

Thus, a posteriori variance of the average value of tensile strength can be determined:
Du]= 1L sampa,
110  7.86

A priori variance of the average value of tensile strength:
%= S%64p = 14 MPa.

The a priori variance of parameter x4 of the distribution of the average value of tensile strength $?, is also assumed
under the assumption that the ratio of §°; to S?; will remain the same (7.86). As a result of our research, we have

determined the minimum number of elements that need to be examined — two or three pipe piles.

Sj:izl.mMPa,
7.86
S2(S2-D -
. F(82-D[n]) _14(1.78 14)
SZ-D[u] 1.78-1.4

Discussion and Conclusion. When solving the problem of minimizing the sample size for an experimental batch
of pipe piles, a novel method of non-destructive testing based on indentation was employed. At the same time,
mechanical characteristics obtained during the previous examination of 11 similar pile pipes were used as prior
information. Due to the limited number of pile pipes available in the experimental batch for inspection, the use of
Bayesian techniques made it possible to reduce the required sample size significantly to three, while minimizing the
risk of error in the assessment.

The steels considered in the article for pipe manufacturing belong to the strength class KP 245. According to
GOST 54157-10* they have a yield strength of 245 MPa and a temporary tensile strength of 412 MPa. These steels are
mainly made from 3sp and 3ps steel. The same steels are widely used in the manufacturing of machine-building
structures in lifting cranes, in the frames of tractors, trailers, semi-trailers, etc. For these structures, the approach
described in the article also applies and is feasible. Thus, the use of a priori information based on Bayesian procedures
for non-destructive testing of mechanical characteristics of low-carbon steels used in construction and machine-building
structures allows us to justify the minimum required number of elements of the object of inspection, significantly

reduce the volume, time, labor intensity, and cost of work.

* GOST 54157-10. Profile Steel Pipes for Metal Constructions. Specifications. (In Russ.) URL: https://docs.cntd.ru/document/1200084959 (accessed:
15.05.2024).
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