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Abstract

Introduction. Acoustic anisotropy is measured during ultrasonic nondestructive testing. It estimates the magnitude of
stresses by the acoustoelasticity method. The literature describes in detail the application of this approach in the case of a
biaxial strength of extended structures: main pipelines, rail strings, steam generators, and others. They assume the
presence of a uniform field with zero or weak gradients of stresses and deformations. However, the problem of timely
detection and assessment of critical stresses caused by local concentrators through ultrasonic testing has not been solved.
The presented material is intended to fill this gap. The work is aimed at determining the possibilities of the
acoustoelasticity method to estimate the difference in the main biaxial stresses around the concentrator — a circular cutout
in a rectangular plate.

Materials and Methods. A 510x120%15 mm plate with a central hole of 40 mm in diameter was cut from a sheet of
commercially pure aluminum of the AMc brand (AW-3003 according to ISO) across the rolling direction, and subjected
to uniaxial step loading in an Instron-8850 testing machine. For ultrasonic measurements, an acoustic sensor with a carrier
frequency of 5 MHz was used. The stresses were calculated by solving the problem of stretching an isotropic linear-elastic
plate in the ANSYS finite element modeling package and by the relations of the plane Kirsch problem obtained in the
polar coordinate system.

Results. The research allows us to state that the results of analytical and numerical calculations largely coincide only for
points located near the zone of greatest stress concentration. In all other cases, the indicators differ several times in sign
and modulus. The difference is explained by the fact that Kirsch's approach assumes the action of compressive stresses
in the area of location of some points, but this factor is absent if we are talking about a real plate. It has been established
that in the area of material with predominant tensile stresses, the acoustoelasticity method allows for a quantitative
estimate of their difference with an error not exceeding the engineering one. The calculations based on the Kirsch relations
correlate with the others only at points with the maximum concentration of tensile stresses.

Discussion and Conclusion. The results of the study provide applying the acoustoelasticity method to estimate the
magnitude of tensile biaxial stresses in the area around the fabrication holes. They are consistent with well-known
scientific results and make it possible to rationally select the measurement points of acoustic anisotropy. The results of
this scientific work can be applied in ultrasonic nondestructive testing using the acoustoelasticity method.

Keywords: zone of highest stress concentration, principal stress differences, acoustic anisotropy of initially
inhomogeneous material, stress-strain state, ultrasonic nondestructive testing
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OpuZMHaJZbHOe amnupudeckoe uccnedosatue

Ounenka HANPSKEHNH B MJIACTHHE C KOHIEHTPATOPOM MOCPEICTBOM YJIbTPAa3BYKOBBIX
H3MepPeHMid aKyCTHYeCKOil AaHU30TPONUN
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AHHOTAUMA

Beeoenue. Axyctudeckasi aHH30TPOIUS U3MEPAETCS MPU YIBTPA3BYKOBOM HEPA3pyIIAIONIEM KOHTPOJIE U MO3BOJISIET
OIICHUTH BEJTUYMHY HAMPSKCHHUIH METOJIOM aKyCTOYIIPYTOoCTU. B uTepaType moapoOHO ONMHUCAaHO MIPUMEHEHHE TaKOTO
MOJIX0J1a B CIIydae ABYXOCHOTO HAIMPSHKEHHOTO COCTOSHUS MPOTSHKEHHBIX KOHCTPYKIUN: MaruCTPaabHBIX TPYOOIpO-
BOJIOB, PEJILCOBBIX IIETEH, MaporeHepaTopoB U Apyrux. s HUX NMpeanonaraeTcst HaTu4ue OJHOPOAHOIO MO C Hy-
JIEBBIME JTHOO CTA0BIMU TpaJIieHTaMU HANpsoKeHUH u nedopmanuii. OqHaKo He perieHa mpodiieMa CBOEBPEMEHHOTO
OOHAapyXCHUSI U OI[CHKU KPUTHUYCCKUX HAMPSHKCHUN, BEI3BAHHBIX JIOKATHHBIMU KOHIICHTPATOPAMH, TOCPEACTBOM YITb-
Tpa3BYKOBOTO KOHTpOJs. [IpencraBieHHbI MaTepral MPU3BaH BOCTIOIHUTH 3TOT mpoben. Llens paboTer — ompene-
JUTH BO3MOXKHOCTH IPUMEHEHHSI METOAA aKyCTOYIIPYTOCTH IS OIEHKU Pa3HOCTH TJIABHBIX JBYXOCHBIX HAIIPSKCHHHA
BOKPYT KOHIIEHTPATOpa — KPYTOBOT'O BBIPE3a B MPSIMOYTOJILHOMN TIJIaCTHHE.

Mamepuanvt u memoowst. VI3 mucta TEXHUIECKH YUCTOTO AITFOMUHKS Mapku AMII ornepek HamnpaBieHHs MpoKaTa BbIpe-
3amu wiacTuHy 510x120%15 MM ¢ IEHTpaJIbHBIM OTBEpCTHEM TuaMeTpoM 40 MM 1 MOJBEPIIIN €€ OJJHOOCHOMY CTYIICH-
4aTOMY Harpy>k€HHIO B HCIBITaTeNbHON MammHe Instron-8850. [l yapTpa3ByKOBBIX U3MEPEHHUN 3a1€HCTBOBAIM aKy-
CTHUYECKHM IaTuuK ¢ Hecyuieil yactoroit 5 MI'1. HampsikeHus pacCUUTHIBAIUCH ITyTEM PEISHUS 33/1a4d O PACTSHKEHUU
HM30TPOIHOM JINHEHHO-YIPYTOH IUIACTUHBI B TAKETE KOHEYHORJIEMEHTHOTo MoJenupoBanust ANSY'S 1 110 COOTHOLIEHUSIM
mockoi 3anaun Kupia, nory4eHHbIM B OJSIPHON cUCTEME KOOPAUHAT.

Pe3ynomamut uccnedosanusn. Vltorn padboTsl O3BOJSAIOT YTBEPXKIAATh, YTO PE3yJIETAThl AHATUTHYECKUX M YHCICHHBIX
pacyeToB BO MHOTOM COBIIAAYT TOJIBKO IS TOYEK, PACIIONIOKESHHBIX PSAAOM C 30HOI HanOOIbIIeH KOHIICHTPAIINN HAIIPSI-
KeHHH. Bo BceX OCTaNbHBIX CITydasx IMOKa3aTeNd OTIMYAl0TCsA B HECKOIBKO pa3 0 3HAKy, U 10 MOIyJio. Pa3sauna 00b-
SICHACTCS TeM, 4TO moaxo ] Kupiira npezmonaraer AeicTBre CKUMAIOIINX HAMIPSHKCHUN B 00JIACTH PACIIONOKEHHS HEKO-
TOPBIX TOYEK, OTHAKO ATOT (JaKTOP OTCYTCTBYET, €CIIM PEYb HIET O PEAbHOM IUIaCTUHE. Y CTAaHOBIIEHO, YTO B 001aCTH
MaTepHralia ¢ IPeo0IIaTaroNUMH PACTITUBAIOIIMMHI HANIPSHKCHUSIMU METO]] aKyCTOYIIPYTOCTH TIO3BOJIIECT KOJIHYSCTBEHHO
OIICHUTDb UX PA3HOCTH C MOTPELIHOCTHIO, HE TPEBbIIAIONIEeH HHKEHEPHYI0. PacueTsl o cooTHomeHusM Kupia xoppe-
JUPYIOT C OCTAFHBIMH TOJBKO B TOUKAX ¢ MAKCHMAIBHOW KOHIICHTPAIIUEeH PACTATHBAIOIINX HAIPSKEHIH.
Ooécyrcoenue u 3axnouenue. Pe3ynbTaTel NCCICIOBAHUS TO3BOJSIIOT IPAMEHSITH METOJT aKyCTOYIPYTOCTH IS OLICHKU
BEJIMYUHBI PACTATUBAIONINX IBYXOCHBIX HAIPsDKEHUHA B 007aCTH BOKPYT TEXHOJOTHYECKHX OTBepcTHid. OHH coriacy-
JOTCS C M3BECTHBIMU HAYYHBIMH PE3YIbTaTaMH U JaI0T BO3MOXXHOCTH PAllMOHAIBHO BEIOPATh TOUKHA N3MEPEHUS aKyCTH-
yecKor aHu3oTponuu. 'Torn naHHO# HayyHOH paboThl MOKHO MPUMEHHUTH MIPH YIBTPA3BYKOBOM HEpa3pyIIaloNeM KOH-

TpOJIe METOAOM aKyCTOYNPYTOCTH.

KiroueBble ci1oBa: 30Ha HauOOJbIICH KOHLEHTpAMKM HANPSHYKEHUH, Pa3HOCTU TJIaBHBIX HANpsDKEHUI, aKyCTHUYEcKas
AQHM30TPONHS HayaJIbHO HEOJHOPOIHOIr0 MaTepHaja, HalpsyKeHHO-Ie(GOopMHpPOBAaHHOE COCTOSHHE, YJIBTPa3BYKOBOM
Hepa3pyLIarIUui KOHTPOJIb

Bnaroaapx—mcnl. ABTOpBI BbIpAXKaOT 6J'IaI‘O,HapHOCTB peaaKkiuru U pCUCH3CHTAM 3a BHUMATCIIbHOC OTHOIICHUEC K CTAThE
1 3aM€YaHusI, KOTOPBIEC ITO3BOJIMIIN ITOBBICUTH €€ KAa4€CTBO.

dunaHcupoBaHue. Vcciie0BaHue BHIMOIHEHO NPH MOyIepKke MUHUCTEPCTBA HAYKH U BhICIIEro oopas3oBanus PD 3a
cuet cruneraun Ne CI1-5336.2022.1 I1pesunenrta Poccuiickoit dexepannu.

Jas uurupoBanus. TperpsakoB J[.A., OcoBuk J1.C. OtieHKa HaNpsHKEHUH B IIACTHHE ¢ KOHIIEHTPATOPOM ITOCPEACTBOM
yIBTPA3BYKOBBIX HM3MEPEHHH aKycTH4Yecko aHmzorponuu. Advanced Engineering Research (Rostov-on-Don).
2024;24(4):307-315. https://doi.org/10.23947/2687-1653-2024-24-4-307-315

Introduction. In recent decades, domestic nondestructive testing technologies have been developed to determine the
stress-strain state of elements of energy systems, railway and pipeline transport [1]. These approaches involve solving inverse
problems in the case of a nonuniform stress state [2], noncontact electromagnetic acoustic strain measurement [3], taking
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into account the degradation of elastic properties in combined nondestructive testing [4], as well as precision measurement
of time delays in the propagation of elastic waves in the material [5]. The technologies have been verified in industrial
measurements' [6], their application is accompanied by the operation of modern diagnostic equipment [7]. However, the
task of testing existing approaches in the diagnostics of anisotropic structural materials, which include industrial rolled
products, remains relevant [8].

This work is devoted to the study of acoustic anisotropy [9] of an initially inhomogeneous material. In this case, it is
commercially pure aluminum of the AMc brand (AW-3003 according to ISO). Samples cut from a rolled sheet were not
prepared to remove the initial internal stresses caused by plastic deformation during rolling [10]. The task is to establish
the possibility of estimating the difference in the magnitude of biaxial stresses in a metal with inhomogeneous initial
acoustic anisotropy [11].

Materials and Methods. In the experiments, we used the IN-5101A ultrasonic acoustic anisotropy analyzer?. This is
a certified device for measuring mechanical stresses by the acoustoelasticity method [12]. The stresses were calculated
from the formula:

Ggp = O =D(ac—a0). (1
Here, 6ep and o, — principal components of the stress tensor in polar coordinates, D — coefficient of elastic-acoustic
coupling of the material; a) — initial acoustic anisotropy at the measurement point; a; — value of the acoustic anisotropy
parameter under the current value of the uniaxial tensile load o. For the aluminum alloy AMc, coefficient
D=-2.0+03"-10*MPa[13].

The current value of the acoustic anisotropy parameter as [14] was determined from formula (2) as the relative

difference in the propagation time of transverse ultrasonic waves of mutually orthogonal polarization [15]:

ag =(t,—1,)/((t2 +1,)/2). )
Here, #1, , — current values of time delays during the passage of transverse wave packets through the thickness of the
material after their multiple reflection, whose velocities are directed along and across the line of uniaxial loading.

The measurements were performed using acoustic sensors with a pulse emission frequency of 5 MHz. The accuracy
of the measurements of time delays ¢, £, was 3 ns.

The low-alloy corrosion-resistant aluminum-manganese alloy of the AMc brand, close in its properties to
commercially pure aluminum (97/99% Al in composition), was studied. Aluminum was a model material for ultrasonic
research. It was with it that the basic results in the acoustoelasticity were obtained [1].

Mechanical tests were performed on a 510x120x15 mm rectangular plate, cut from a rolled aluminum sheet across the
rolling direction. The sample had a stress concentrator in the form of a central circular hole with a diameter of 40 mm (Fig. 1).

Fig. 1. Diagram of a sample from a sheet of rolled aluminum grade AMc

The direction of rolling affects the sign of the initial acoustic anisotropy a, [16]:
a =(Zoz_to1)/((f02 +t01)/2)~ (3)
Here, t1, t» — initial time delays of transverse waves. In the case of samples cut across the rolled product, the
dimensionless parameter of the initial acoustic anisotropy a,, calculated from formula (3), is negative: ap < 0.
For rigid step loading of the plate, uniaxial tension was applied in an Instron-8850 hydraulic machine (Fig. 3). The

stress-strain state was considered at three loading stages with tensile load values F; = 30 kN, F> = 50 kN and F3 = 70 kN.
For the study, n = 8 sections (points) of the sample were selected. The diagram of their location is shown in Figure 2.

! GOST R 52731-2007. Nondestructive Testing. Stress Evaluation by Ultrasound. General Requirements. Electronic Fund of Legal and Technical
Guidance Documents. (In Russ.) URL: https://docs.cntd.ru/document/1200051032 (accessed: 25.05.2024).

2 Devices for Measuring Mechanical Stresses IN-5101A. Operations Manual. INKO.468160.008 RE. (In Russ.) URL: https://encotes.ru/system/files/RE-
IN-5101A_0.pdf?ysclid=m00rujbqr0495004447 (accessed: 25.05.2024).
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Fig. 2. Layout of the sample points under study

Ultrasonic testing was performed along three rows of points: 1-5, 2—4 and 6-8, symmetrically located relative to each
other around the stress concentrator (Fig. 2). The characteristic size of the plates of the piezoelectric elements of the
acoustic sensor was 12x12 mm. That means that each point was associated with its own local representative volume of
material. The points were selected so that the representative volumes differed significantly in their stress-strain state [17].

Mechanical tensile testing in an Instron-type machine involved different boundary conditions for the sample. Its
lower part (points 4-6 in Figure 2) was rigidly fixed in a stationary grip of the testing machine (Fig. 3). In the upper
part (points 1, 2 and 8 in Figure 2), the sample, fixed in a movable grip, was stretched at a low constant strain rate (Fig. 3).
Points 3 and 7 were located on the central transverse axis of the sample (Fig. 2).

Fig. 3. Sample under load in a testing machine

The asymmetry of the problem conditions was taken into account in numerical modeling using the finite element
method. The actual dimensions of the sample, its elastic and mechanical properties obtained during testing of samples
from the same batch (Young's modulus E, yield strength c,, elasticity modulus H), as well as known data for commercially
pure aluminum (density p, Poisson's ratio v) were used. It was taken into account that the sample was fixed in the testing
machine over a wide surface, and the tangential tensile load was applied to it, and not to the end of the sample, as in the
case of two-dimensional models.

The stress-strain state was calculated in the ANSYS finite element modeling package. Taking into account the area of
application of loads F), F», F3, the values of tensile stresses were determined: o, = 16.67 MPa, 6, =27.78 MPa, and
o3 = 38.89 MPa. They were used in the numerical solution. Figure 4 shows a model of the sample with the display of the
finite element mesh and boundary conditions. It consists of 936,152 elements and 3,981,073 nodes.
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Fig. 4. Finite element model of a sample taking into account boundary conditions

The analytical solution was based on the use of formulas (4) and (5), which are the solution to the Kirsch problem in
polar coordinates [18]:

S a? S 3a*
Ggg =—| 1+— |——| 1+—— |cos 20, 4
S a? S 3a*  4a?
G, =—|l-— |+—=| 1+ ———|cos 26, 5
2( rzj 2( Pt P2 ] )

where S — load applied to the plate; a — radius of the hole in the plate; » — distance from the center of the hole to the
stress calculation point; 6 — angle corresponding to the point being calculated.

The formulation of the problem in this work assumes the presence of only elastic deformations of the sample. Its
further development, taking into account the influence of inelastic deformations, is associated with the consideration of
the solution to the plane elastic-plastic problem of stretching a plate with a circular hole (an ideal plastic body), obtained
by L.A. Galin in 1946 [19].

The principal stresses co-directed with the longitudinal axis x (cee) and the transverse axis y of the sample (o) were
calculated for all n = 8 points under study. The components Ggs, 6, — functions of the radial distance to the hole center
and of the angle 0, measured relative to the reference axis. Relations (4) and (5) were obtained under the assumption that
the circular hole was located at the center of an infinite isotropic linear elastic plate subjected to uniform plane loading.
They were previously used in [20] to determine the stresses in two regions on the boundary of the hole located along
(6 =0°) and across (8 = 90°) the line of action of the load.

Ultrasonic measurements were performed at points 1-3 (Fig. 2) in the sample before loading (¥, = 0 kN), as well as upon
reaching elastic deformation levels corresponding to loads F', F», F3. The finite size effect of the plate (mainly, in its cross-
section) on the discrepancy between the stress values obtained experimentally, numerically and analytically, was
investigated. The values of acoustic anisotropy ao, % and as, % were calculated using formulas (2) and (3). To take into
account the effects associated with stress relaxation, control measurements were performed at the start and end of each stage.
A total of 198 time delays (1, f02) and (1, t,) were measured during the propagation of transverse waves along and across
the sample.

Research Results. Table 1 shows the values of internal stresses oy (analog Gg in the polar coordinate system) and
oy, (analog o) for n = 8 points around the plate hole (Fig. 2). They were obtained as a result of finite element modeling
and calculations using formulas (4) and (5) with external tensile stresses 1, 62,03 (correspond to loads Fi, F», F3).
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Table 1
Calculated Stress Values around the Plate Hole, MPa

Load F1=30kN (o, =16.67 MPa) F>=50KkN (0, =27.78 MPa) F3 =70 kN (o3 = 38.89 MPa)
N Oxx, ny, G906, Oy, Oxx, (Syy, 000, Oy Oxx, ny, G960, Oy,
Ansys Kirsch Ansys Kirsch Ansys Kirsch
| 12.120 0.647 20.210 1.078 28.280 1.510
1.270 11.920 2.110 19.860 2.960 27.800
)8 22.090 13.060 38.160 21.760 53.420 30.460
’ -3.380 5.800 —-5.640 9.666 —7.890 13.530
37 27.690 25.310 46.157 42.180 64.610 59.060
’ 6.390 6.174 10.650 10.290 14.910 14.400
46 22.890 13.060 38.170 21.760 53.430 30.460
’ -3.390 5.800 -5.650 9.666 -7.920 13.530
5 12.180 0.647 20.310 1.0780 28.430 1.510
1.230 11.920 2.500 19.860 2.870 27.800

The conditions of fixing the sample are different: the left part is fixed, the right one is movable. Hence the asymmetry
in the pattern of the sample deformation field, which is preserved for all values of loads in the elastic region (an example
for F; = 30 kN is shown in Figure 5).

] I T
0.002166 Max 0.001685 0.001203 0.000963 0.000963
0.001925 0.001444 0.000963 0.000963  3.101le-11 Min

0.000 0.100 0.200 (m) | o
] | Z X

0.050 0.150
Fig. 5. Calculated deformation field under tensile load =30 kN

Due to the asymmetry noted above, when solving the problem using the finite element method, the stress values in
pairs of points:

— coincide if they are obtained through mirroring relative to the central longitudinal axis of the sample;

— differ if they are obtained by the reflection relative to the transverse axis of the sample.

In the first case, pairs 2, 8; 3, 7 and 4, 6 can serve as an example, in the second case — 1, 5; 2, 4 and others. Note that
even if there is a difference in stresses, it does not exceed 1 MPa. This corresponds to the engineering error level +5%
(Table 1). The stress values calculated for the specified pairs of points using formulas (4) and (5) are the same.

Finally, close values between the results of analytical and numerical calculations are observed only for points {3, 7}, located
near the region with the highest stress concentration (Table 1). At the other points, there is a multiple difference not only to
modulo (2, 8 and 4, 6), but also in sign (1, 5). This is due to the fact that calculations using formulas (4) and (5) for a plate of
equal (infinite) dimensions assume the presence of a compressive-stress zone in the region of the location of points 1, 5. The
situation is different with a real plate (Fig. 1 and 2), whose dimensions are limited and differ from each other in the ratio of
length and width by 4.25 times. In this case, there is no compressive-stress zone (Table 1 and Fig. 5).

The comparison of the results suggests that the effect of the finite dimensions of the plate does not allow for the use
of relations (4) and (5) to estimate the stresses in this problem. This contradicts the conclusions of [20]. Note that the
presence of a correlation for points with the maximum value of the stress concentration coefficient is confirmed by the
results for pair 3, 7.

Table 2 shows the initial a, and current a, values of acoustic anisotropy in the region of the locations of points 1, 2
and 3, calculated from formulas (2) and (3) in the no-load state (Fy) and at three load values F1, F», Fs.
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Table 2
Acoustic Anisotropy and Average Values of Time Delays at Different Stages of Loading
Load Fo=0kN Fi=30kN F,=50kN F3=70kN
6o =0 MPa 61 =16.67 MPa 62, =27.78 MPa o3 =38.89 MPa
<tor>. <to>. <t>. <tr>. <t>. <tr>. <t>. <tr>.
N ao As1 as2 as3
us us us us
| - 9.4805 - 9.4765 - 9.4802 - 9.4783
0.005886 9.4248 0.006198 9.4180 0.006379 9.4200 0.006445 9.4174
) - 9.4602 - 9.5057 - 9.5107 - 9.5147
0.004508 9.4177 0.005947 9.4494 0.006650 9.4476 0.007636 9.4423
3 - 9.4730 - 9.5113 - 9.5161 - 9.5158
0.005433 9.4217 0.006461 9.4500 0.007142 9.4484 0.007055 9.4489

It follows from Table 2 that the difference in the values of the initial acoustic anisotropy parameter ao at points 1, 2
and 3 is largely determined by the initial heterogeneity of the material. This is evident from the variation of parameter ao
before loading. In addition, with the application of an external load, the discrepancy between the values of the acoustic
anisotropy parameter a. at the points under study increases.

Based on the ultrasonic measurement data (Table 3), the values (ces — 0,+-) of the difference in the principal stresses in
the polar coordinates were calculated using the acoustoelasticity relations (1) [21]. They are presented in Table 3 in
comparison with the results of finite element modeling and calculations using formulas (4) and (5). The stress values that
differ for pairs of symmetrically located points obtained by reflection relative to the transverse axis of the sample are
given in parentheses.

Table 3
Comparison of Results of Ultrasonic Measurements, Analytical
and Numerical Finite Element Calculations, MPa

Load F1=30kN (61 =16.67 MPa) F>,=50kN (0, =27.78 MPa) F3=70KkN (o3 =38.89 MPa)
(Cxx — Oyy). Ansys (Cxx — Oyy). Ansys (Cxr— Oyy). Ansys
N (ces — o). Kirsch (ces — 0r). Kirsch (oee — 0r-). Kirsch
D(acl — ao) D(acz — ao) D(a(53 — ao)

| 10.850 (10.950) 18.100 (17.810) 25.320 (25.560)
(5) -11.273 —18.782 -26.290
6.240 9.850 11.180

) g 25.470 (26.280) 43.800 (43.820) 61.310 (61.350)
(4’ 6) 7.260 12.094 16.930
’ 28.780 42.840 62.560
21.300 35.507 49.700
3,7 19.136 31.890 44.660
20.550 34.170 44.800

Table 3 shows that the data from acoustoelastic measurements and the finite element method solutions correlate
qualitatively and quantitatively with each other. Consequently, we can talk about mutual verification of the results of full-
scale and numerical experiments. The highest correlation is observed for points 2, 8; (4, 6) and 3, 7, located near the
region of maximum tensile stresses.

Different results were obtained for points 1 and (5), where the presence of compressive stresses was assumed
according to formulas (4), (5). Here, the differences in the principal values (ces — 0,+-), Obtained according to the ultrasonic
measurements, were on average two times smaller than the predicted numerical values. Thus, calculations based on the
acoustic anisotropy values provide a lower estimate of the stresses for the studied sections of the sample.

Discussion and Conclusion. The principal biaxial stresses in an aluminum plate around a concentrator — a central
circular hole — were investigated. The values obtained as a result of natural ultrasonic measurements, numerical
experiments using the finite element method, and analytical calculations using the Kirsch relations were compared. The
effect of the asymmetry of stress and strain fields, arising due to different conditions of sample fixation and reflecting the
process of uniaxial elastic deformation under tension in a testing machine, was taken into account.
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It was noted that similar results of the analytical and numerical calculations were observed only for points located
near the region of the greatest stress concentration. In all other cases, the values differed several times both to modulo
and in sign. This is explained by the presence or absence of compressive stresses. The analytical approach assumes that
they exist. There are none in a real plate. Thus, the Kirsch relations for stresses of a uniaxially stretched infinite isotropic
linear-elastic plate cannot be correctly applied in the case under consideration.

The acoustoelasticity method has established a correlation between the results of numerical modeling and ultrasonic
measurements of biaxial stresses. This is specifically noticeable in relation to points located near the zone of maximum
tensile stresses.

The research results can be used in industrial nondestructive testing for stress diagnostics in rolled metal objects.
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