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ON ANALYSISOF FAILURE EMANATING FROM A NOTCH
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Notch-like defect assessment is not done usingicdsacture mechanics (mechanics of
cracks). In order to prevent over-conservatismgimdtacture mechanics concepts such as
notch stress intensity factor or notch energy irstbd; are generally used for that. A local
stress criterion, named volumetric method, defiaffsctive stress. It is used for more
advanced assessment when introducing geometry arstraimt effects. These effects are
taken into account for notch fracture toughness emwistraint modified notch failure
assessment diagram.
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Failure emanating from notches. Failure is governed by the critical conjunction
of three elements: defect, loading and fracturistasce. A large variety of defects can
promote failure. Crack, among them, is the mosesewas considered ideally with an
infinite acuity. Notches are considered as lesgrgewith a finite acuity. Notch seve-
rity depends strongly on the notch acuity as therise of the notch radius. Notches are
responsible for a large number of component faslurks an example, the failure
emanating from a column with a square
thread of a friction screw press is shown in
Fig. 1. The thread was not rounded off in
the roots and the flanks exhibited striations
both of these factors increased the notcl |
effect. Striations are particularly numerous |,
at pointA (Fig. 1), which also denotes the |
point of fatigue initiation. f

In this paper special attention is paid to
notches which appear at oil or gas pipe sut
faces. These notches or scratches are ger
rally created by excavator when the works
are carried out on the nearby pipes. Thes
incidents, called external interferences, art
considered as responsible for more thai
50% of pipe failure in Western Europe [1].

Prediction of failure emanating from a
notch cannot be done using classical frac-
ture mechanics, which considers the failure ; X ]
promoting defect as a crack-like one ThereP'e>° (diameter of the column is 97.5 mm;

. . ’ outer and internal diameter of the square
fore, this approach is too much conserva-  iyread equals 96 mm and 88.1 mm,
tive. Past methods are based on the stress respectively’
concentration factor which considers that
failure is initiated at the notch root, which idythe case of brittle fracture and with a

Fig. 1. Failure emanating from a column
with a square thread of a friction screw
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particular approach of failure mechanism. It is sidared that the fracture driving
force is concentrated at one point and therefgrdensity is infinite. To overcome this
difficulty, notch fracture mechanics (NFM) has bedsveloped [2]. Notch acuity is
taken into account through notch tip stress digtiilm and different failure criteria
(local or global). It has been admitted since NeyBEor Novozilov [4] that fracture
needs a process volume in which the necessariljabiea energy is stored. For the
sake of simplicity, this volume is considered akndyical with a height equal to the
thickness of the component and a radius calledeffective distance. Inside this
volume, the stress distribution is averaged byed#fiit methods. This averaged stress is
denoted as an effective stress.

In this paper, starting from stress distributiontla¢ notch tip, the effective
distance and the effective stress are describedighra volumetric method (VM) [5]
and combined into notch stress intensity factorlIf\lSThese fracture parameters are
used to describe the influence of notch acuityrantéire toughness. Its increase, with
the increase of the notch radius, is taken int@actin defect assessment in order to
reduce conservatism. This can be done using a raitire assessment diagram
(NFAD).

On local fracture criterion for a notch. Failure assessment can be done by se-
veral fracture criteria (more than 30!). Theseecid can be classified as energy, stress,
and strain-based. Each of these categories caividedlinto a local and a global one.
They provide a relationship between defect sizadlileg, and fracture toughness i.e. a
three parameters failure approach. Additionalljiufa criteria based on two parame-
ters have been proposed in a failure assessmearadiagFAD). These parameters are:
the non-dimensional failure driving force and thensimensional loading. This
approach is now widely used for design and maimesdecause it provides the safety
factor associated with defect size, material frectoughness, and loading. For the pre-
diction of failure emanating from the notch, loeald global stress criteria and a global
energy criterion are used [6].

A local stress criterion such as VM is now wideppled for assessing a failure
emanating from the notch. It is based on an aceutascription of stress distribution in
a closed volume near the notch tip. It incorporataslocal parameters: the first — the
effective stress and the second - the charactehisigth. New trends incorporate the
third parameter like a constraint, for example [[f}e local stress criterion was firstly
suggested by Neuber in 1937 [3].

For the characteristic length, one distinguishes:

— a characteristic sigg approximately equal to half the notch radius;

— a characteristic distaneg connected to material microstructure;

— a critical distancél, associated with the plastic zone and intrinsithef mate-
rial;

— an effective distancé.; as a particular abscissa of stress distribution.

The choice of the characteristic length is basetherollowing considerations:

— the fracture process zone incorporates the mawirstress according to the
concept “fracture process zone equal to the higdtestsed region”;

— this length depends on the notch geometry, lgawtiade, constraint, etc.

A very small characteristic length is obtained tfoe brittle material. For the duc-
tile material, the concept of the high-stress negiannot be applied to define a charac-
teristic length or a critical distance. In the fiicase, the high stressed region is too
small, in the second case — too large. The cormfejbie effective distance sensitive to
constraint satisfies this condition. Consequeritig, local fracture stress is also sensi-
tive to the constraint.

Effective stress is defined as an average stremsabeharacteristic length. It was
considered by Neuber [3] as a function of the nesatius. Novozhilov [4] and Sewe-
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ryn [7] considered the mean normal stress as aréaitriterion. Failure is triggered
when the average stress equals the failure steeasnaaterial value and is denoted by

02. In the line method [8], the average stress isitamed along the effective distance

Xeff OF the critical distancd, according to the authors or the characteristitadeeX.,
according to the materials.
The fracture criterion (when using the effectivstainceXes) can be written in the
following generalized form including the mixed-moidacture:
Xeff

max [ Opyodr =o., 1
xeff iy _([ 00(r) c ( )

Pluvinage [2] proposed averaging the stress digidh over the entire process
volumeVes. Then, the fracture criterion has the followingnfio

b oy (x v, D00y, DV =0, @)
eff Q

where Ve is the fracture process volume;, (x, y, z) are relative stress gradient and

opening stress or maximum principal stress at tielntip, respectively and(x, y, z)
is a weight function.

If the line method is used, the size of the fraztprocess volume reduces the
effective distanceXe, Which is obtained by the stress distribution gsial Here, the
high stressed region is limited at an inflexionmian the stress distribution curve that
can be easily detected by a graphical or a numemeghod associated with relative
stress gradient.

Effective distance is associated with the stresfidution which is sensitive to
the constraint. Consequently, the effective distae@lso sensitive to constraint as can
be seen in Fig. 2. Several parameters were useestibe it: the constraint parameter
L [9], the stress triaxiality [10], th@-parameter [11] and-stress [12]. Fig. 2 indicates
a strong dependence of the effective distance @edhstraintT-stress).

g
g
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Fig. 2. Evolution of the effective distance
(Xer) versus effectiva-stress Ter) 0.8+ A
for the X52 pipe steel. Values obtained 0.64 :,
from four specimen types ' i
(# - compact tension (CT), 0.4 ¢ A
A - single-edge notched tension (SENT), A+
M - double cantilever beam (DCB) 0.2 1 A, o +*
and+ - rectangular tension (RT)). 0 +
-200 -150  -100 -50 0 50

Teff . MPa

Modification of lateral contraction owing to dimition of Poisson’s effect can be
represented by th&-stress which is one of the characteristics ofdtiness distribution
at the crack or the notch tip. It was used as atcaimt parameter. The following solu-
tion characterises the elastic stress fields imelgéon surrounding the notch tip [13]:

K ot
O;; =—— f;; (0) + Td,;0,; + 2nr +O(r), 3)
ij \/E ij xi V% AS
wheref;j(0) is the angular functior); is the symbol of Kronecker’'s determinak,is
the stress intensity factor (SIF) in the polar dimate systemr(0). The second term is
the T-stress, constant stress acting parallel to thekdiae in the directionx of the
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crack extension with a magnitude proportional ® ginoss stress. THestress may be
tensile or compressive stress. The stress differemethod is proposed by Yang et al.
[14] to determine th@&-stress.

In order to join the classical fracture mechaniod ¢he concept of the SIF, the
NSIF,K,, can be defined as follow:

Kp = Ogif (T[Xeff )Ol ~ Ogit +/ TXeff - (4)
At failure
Kp,c = 0-ef“f,c(T[Xef“f,c)o{ ~oeff,m/nxeff,c ) )

whereXq . and et ¢ are the critical values of the effective distaaoe the effective
stress,a is the governing parameter for local stress distron. For an ideal notch
(p = 0),a depends on notch angle According to Williams [13]:

2 3
a(p)=05- o.os{$)+ 0.44%) - 0.8{3”1) . ©)
T T

T

For a crack@ = 0, = 0)a = 0.5 and SIF the units have dimensiiviBay/ m.
For a real notchp(# 0, { # 0) a < 0.5 and for the NSIF the units are MP&- these
strange units introduce a transferability probldmthie notch fracture toughness is
measured in the specimen with a notch angle diftedfean that of the notch-like defect
in the structure to assess.

On notch fracture toughness. For the failure emanating from a notch, the follo-
wing criteria can be used as a critical event:

Kp = Kp,C and Jp = Jp,c, )

The critical NSIFK,, . (MPa-nf) and critical notchl-integral,J, ; are the parame-
ters of material fracture toughness. These paramate sensitive to the notch radius
as can be seen in Fig. 3 and 4, where the notctufeatoughness of Al-Zn—-Mg-Cu
aluminium alloy was measured on SENT tensile specegn[15] and XC38 steel
measured on TPB specimens [16] with different nogetius in the range 0...2 mm.

60
2-
\E 50 “g
5 >
s 40 51 :
303 ~
=7 p. =0.85 mm
20 0+==

Fig. 3. Fig. 4.

Fig. 3. Notch fracture toughness,, of Al-Zn—-Mg—Cu aluminium alloy measured
on three point bend (TPB) specimens with differatth radius in the range 0...2 mm [15].

Fig. 4. Notch fracture toughnesk,, of XC38 steel measured on TPB specimens
with different notch radius in the range 0...2 mr@][1

It can be noted that fracture toughness increasbstiie notch radius beyond a
critical notch radiusp,, and is expressed by the following equation

Kp,c:K|c+}“\/B for p>pc! Kp,c:ch for pspc. (8)
Jp,c:‘]lc'l-Bp for p>pc! Jp,c:‘]lc for pSpc. (9)
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Parameterd and} are the notch fracture toughness sensitivity. iflceease of
the notch fracture toughness with a notch radiexgained by an extra plastic work
in the notch plastic zone. For the notch radiusp, the notch plastic zone has a size

less than the effective distanég, . or J, . are governed by the effective distance, for
p>p,. — by the notch plastic zone.

Hadj Meliani et al. [17] also pointed 120
out the constraint effect on the notch frac- A
ture toughnesk,, ¢, the critical constraint £ 100+
being described by the critical effective
T-stress, Ter . The material used in this
study is the APl X52 steel.

Specimens of four types, namely CT, ~
DCB, SENT, and RT, were extracted 00— o =@ =/
from a steel pipe of a diameter of 610 mm. Tutt c» MPa
The specimens have a notch with an angle
Y = 0, a notch radiug = 0.25 mm and an
a/Wratio in the range 0.3...0.6. The stress
distribution used was computed by the
finite element method at a load level correspondmghe fracture load. The critical
effective T-stress T . Was determined according to VM. It can be noteBig 5 that
the notch fracture toughness decreases lineartyauitstraint according to:

K

£
S 801
<

60 -

Fig. 5.K,, —Terr c Material failure master
curve (MFMC) of low-carbon steel [17]:
(*— RT,l - DCB,® - CT, A — SENT).

— 0
- aTef‘f, et K

p,c (10)

p,c
where Kg’c is the fracture toughness correspondingdp . =0 and considered as a
referencea = -0.069 anokg =773 MPa/ m for the API X52 pipe steel [17].

On notch-like defect assessment. The NFAD [18] methodology replaces the 3-
fracture mechanics parameter relationship (fradioughness, defect size and loading)
by a two-parameter one in order to have a planeseptation, where non-dimensional
crack driving force and non-dimensional applieeéstrare the coordinates.

The applied non-dimensional fracture driving foisedefined as a ratio of the
applied NSIRK,, 5, and the notch fracture toughness of the matigal

ke =Ko ap/Kp.c - (11)

The non-dimensional load is described as a ratih@fgross stressy, and flow
stress chosen as yield stresg, ultimate stressgy, or classical flow stressy =
=(oy+aoy) /2

L =04/0p - (12)

The NFAD exhibits a failure curve as the criticalnrdimensional crack driving
force k: . versus the critical non-dimensional stress or ileggarametel, .. This
curvek: . =f (L ¢) is the same as that used for the classical FA&ctlre is determi-
ned by a high-stress triaxiality level. Such coiodi$ ensure conservative conditions.

Plane strain conditions ahead of the crack tip eastress distribution with high
constraint. Small thickness, blunt defect or tenkibding are generally encountered in
real structures. Therefore, the constraint is reduand local fracture toughness
increases. To reduce conservatism, the NFAD isemesd for a notch-like defect. The
failure assessment curke. = f (L, ) delineates a fracture design curve according to
the available codes, e.g. SINTAP [19].
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k, Typical FAD indicating safe and
failure zones, assessment points, and the
safety factor is presented in Fig. 6. Coor-

1I

Brittle
fracture

0.8 dinatesk; and L, highlight the assess-
0.6 ment pointA of a component. If this point

Je: is inside the area delimited by the failure
0.4 assessment curve, the structure is safe. If
0.2 the assessment point is situated outside,

L collapse failure occurs. Parametd; and L, are
00 02 07 o6 os IL,,rIl proportional to the applied load for a con-
stant notch or crack length; the loading
Fig. 6. Typical FAD (failure curve SINTAP  path is linear from the origin to poif,
level 1) that(:lr;dicates safe E') 2;“‘3 failure  \where the failure assessment curve is
zones {ll), assessment p reached. The safety facthris defined by
and safety factorf{= OB/OA) [19]. a ratio ofOB to OA.

According to codes and safety factor consideratiba,assessment point is posi-
tioned within the acceptable zone of the NFAD dmel $tructure fulfils the required
conditions for practical engineering applicatiolisis seen that fracture toughness is
sensitive to the constraint. It increases whentcaim$ decreases. This is the case when
the defect promoting fracture is notch-like insteddcrack-like. Therefore, again in
order to reduce conservatism, the non-dimensioaahrpeterk, takes into account
constraint.

Here, we assume that the constrdin$ proportional to loading. This assumption
is true for elastic behaviour but can be extendedfracture occurs with little plasti-
city. The non-dimensional loading paramdtgiis described as a ratio of the applied
load to the limit loag,:

L =p/pL - (13)
The non-dimensional constraiftoy is proportional to the loading parameter as:
T/oy =BrL,. (14)

Br is the coefficient of proportionality and is olted for different levels of loading
represented by the non-dimensional loading paranigtassuming the elastic beha-
viour until cut forL, max= 1.2.

For example, a pipe (Figay made from APl 5L X52 steel of yield stresg =
=465 MPa and ultimate stresg = 528 MPa is subjected to internal pressure. Pipe
diameter isD = 610 mm and pipe thickness= 11 mm. This pipe exhibits a surface
notch of deptta = t/2 and aspect rati@'c = 0.2,c is a half-notch length. The pipe limit
pressurep. = 20.1 MPa. The effectiv@-stress,Tes, iS computed assuming elastic
behaviour at any, values. The effectivé-stress is defined as the corresponding value
in the T-stress distribution equal to the effective dis&anGy, given by VM [5]. This
procedure is needed becauseTikstress is not constant over the ligament.

Maleski et al. [20] obtained the effectiVestress Te) by linear extrapolation of
the origin of theT distribution. A comparison of the two methodsiigeg in Fig. .

The effectiveT-stress normalised by the yield stress versus dmedimensional
parametel, is presented in Fig.b7 The relationshifles /oy = f (L;) is linear with a
constant slop@r. The values ofit are respectivelr = 0.731 for Maleski's method
andpr = 0.793 for the VM. This latter value is chosenrzasons of being conservative.

The MFMC for API X52 pipe steel is described by E2), which can be rewritten
as Eq. (8):

Kp,c =Ko oL+ a'(=BrLy, Ol - (15)
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Parameten’ depends on the constamt yield stressgy, and reference fracture
toughnessKJ .

N

By the introduction of the reference notch fracuaneaghnessKg,C, in the defini-

tion of the non-dimension& parameter, we assume that the reference failsesas
ment equation provided by SINTAP [19] corresporujsrttical T-stressT = 0:
K t=0= ap/ Ko =f( (16)
Failure assessment curve is relate(‘K

to fracture toughness data measured fror ' 3
. . _ 14(___.\
the specimens with an unknown con L N\

straint value but probably close To= 0. <\

The failure assessment curve for any 0.8 Ji N\

value of constraint is given as: 06 N\
ko= fLOR+a(=Brly 0. (17) \Q

The failure assessment curve is ther 0.4
modified according to Eqg. (16) and the
providedT-stress. Fig. 8 demonstrates the0'20 05 1
difference between two assessment cur- '
ves: f (L))swuet @and the reference failure  Fig. 8. Failure assessment curves [18]:
assessment cur¥dL,)r - o (Fig. 8). 1-f(L)r=c 2= F (Lsrue-

Three types of defect are considered
(Fig. 9): a central semi-spherical crack-like defggS) with depthd = t/2, a central
semi-elliptical defect (SE) of length(d =t/2, d/L = 0.1) and a central long blunt notch
(LN) of notch radiug (d =t/2,d/L = 0.1,p = 0.15 mm). The defect direction is longi-
tudinal. The pipe has a diamefer= 219 mm and a thickness 6.1 mm. The service
pressure is equal to 70 bars. Applied NSIF is tepldn Table 1 and extracted from [21].

L,., max

Fig. 9. Defect typesa —SS,b —SE,c —LN [21].

The reference fracture toughnessmg,c =77.3 MPa/ m and the structure frac-

ture toughness |sKS“”°t-100.4 MPa/ m corresponding to the critical effective
constraintTes . = =335 MPa.
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Table 1. Notch intensity factorsin thelongitudinal direction with 70 bars
asthe service pressure[21]

* *

Orientation of defect| Defect typek,, MPa/m | Krorer | Kr. struct

SS 12.4 0.16 0.12
Longitudinal direction SE 145 0.18 0.14
LN 19.7 0.25 0.19

The safety factor, defined as the relative distdmm®a the assessment point to the
intercept of the loading path with the failure @sseent curve, was computed for the
three defect types. The safety factor relativehi® teference failure curve is called
fs = o, While that relative to the structure failure ceirgfs sy, The results are reported
in Table 2.

Table 2. Safety factors associated with defects of different types
(service pressure 70 bars)

Defect type| fst=0 | fsswuet | Difference, %

SS 3.16 3.44 9.1
SE 3.13 3.33 6.4
LN 3.04 3.01 3.7

Discussion. This paper presents the use of the NFM for a nlitehdefect. Tradi-
tionally, any defect is considered as a crack-ikéect as a conservative procedure and
classical fracture mechanics (FM) are used for f@aleassessment. Therefore, the
similarity and difference between FM and NFM isagen question. Here we consider
three kinds of notches: a cragk= 0,y = 0), a notch with infinite acuityp(= 0, # 0)
and a simple notctp(# 0, Y # 0). Therefore, a crack is a special case of anotc

A crack is mathematically a plane cut. The zeralmotdius infinite acuity 1/
leads to a % stress singularity with the distancéo the crack tip. The stress distribu-
tion is characterized by the SliFrelated to opening stress,, by:

K =vamlim, _o0,r . (18)

In the case of the crack, a unit of the SIRM®a/m that is not really a simple
unit. For an ideal notch the SK= is given by p = 0, # 0):

K™ =2 lim,_o0,r®. (19)

The singularity exponent is given by the Williams solution [13] in Eq. (6Jor a
simple notch the NSIF, due to the fact that the imarn stress is finite (no singula-
rity), is expressed by:

Ko =210y, r%, =X . (20)

Units are again MPa-mTherefore the use of the SIF concept is com@italue
to the unit problem. This difficulty can be solvbg using non-dimensional opening
stress at effective distancéy , (critical distance for a crack or an ideal notch)

N K K* Ko
Geff =—= OF — Or ——. (21)
N re re

It is simpler to use directly the effective strgggen by VM [5]. The use of the

NFM with the concept of a notch-like defect is attuced in order to reduce the con-
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servatism of using classical fracture mechanich e concept of a crack-like defect.
Two approaches are compared with the two follovdefgcts in a pipe subjected to in-
ternal pressure: a surface long blunt notch oflaisp (d =t/2,d/L = 0.1,p = 0.15 mm)
and a semi-elliptical surface crack of a length=25t. The defect direction is longitu-
dinal. The pipe has a diameter= 219 mm and a thickness= 6.1 mm. The service
pressure is equal to 70 bars. Depth of the defectack or a notch) &= t/2, the crack
or the notch lengths are identical. Pipe steel BL X52 with a reference fracture

toughnessi(&c =77.3 MPa/ m.

The SIF for a crack and the NSIF for a long notoh @mputed by FEM. The
results are presented in Table 3. The safety fastoomputed according to the FAD
method.

Table 3. The SIF for a crack and the NSIF for along notch in the FAD coor dinates
and associated safety factor

Defect type| SIF or NSIF,MPaym | k | Lo | fsr
Crack 30.8 0.30 0.26 2.55
Long notch 22.87 0.40 0.26 3.03

It can be noted that the crack-like defect leadsvier-conservatism (lower safety
factor). The difference between the crack-like deéand NFM is about 15.8%.

CONCLUSION

The notch-like defect assessment cannot be dorie aviér-conservatism using
the classical fracture mechanics (mechanics oksjatn this case, the use of the NFM
is preferable. This can be done using either leffactive stress, notch energy integral
or NSIF. The use of the NSIF ensures a continu@psoach with classical fracture
mechanics considering that a crack is a speci@ ods® notch. However, the NSIF
units are complex and generate transferability leprobwhen constraint and notch
geometry are different in the structure and specgmesed for the notch fracture
toughness determination. Notch fracture toughnesensitive to the notch radius and
is equal to the crack fracture toughness for amaadius less than a critical one. For
large radii, notch fracture toughness incorporai@sh plastic work which is, in this
case, greater than the fracture process zonec@hiraint in a modified NFAD is also
taken into account. Using this tool, the reductidrthe conservatism applied to the
safety factor is in the range 10...20%. This ismyaapplied for oil and gas pipes for
which defects, caused by external interferencesesemt more than 50% of a defect
provoking pipe failure.

PE3IOME. OuineHo nedektu THIy Hajpidy 0e3 BUKOPHCTAHHS KJIACHMYHMX MiJXOJIB Me-
XaHIKH pyHHyBaHHs (MeXaHIKM TpIilMH). 3aCTOCOBAHO MOHATTS KoedillieHTa IHTEHCHBHOCTI
HanpyeHb a00 Jy-iHTerpana Ul BUpPi3y 31 3aJaHHM PajiycoM 3a0KpyriaeHHs. IIpu mpomy no-
KaJbHE HaNpy>KeHHA Ol Haapily po3paxoBaHO 00’ €eMHUM METOJIOM, SIKUIl BCTAaHOBIIIOE HEBHE
e(eKTHBHE HATPYXXECHHS 13 ypaxyBaHHIM TeOMeTpii Ha/pi3y Ta eeKTy 0OMEKEHHS HanpyKCeHb
615 Horo BepuHY. L1i UNHHUKY B34TO A0 yBaru IMij 4ac BU3HAUEHHS B’ A3KOCTi pyHHYBaHHS Ta
no0y0Bu MOM(IKOBAHUX JiarpaM OLIHIOBaHHS PyHHYBaHHs OiJisl HAApi3iB.

Kawuosi ciioBa: Hadpiz, mexarixa pylinyeanns, diazpama oyiHKu pyuHy8aHHs.

PE3FOME. Ouenensl aedekTsl TUIA Hajpe3a 0e3 HCIIOJIb30BAHUS KIACCHYECKUX I0JXO0-
JIOB MEXaHUKH pa3pylneHus: (MeXaHWKH TperinH). [[puMeHeHo moHsTHe KO3 dUIIMeHTa HHTEH-
CHBHOCTH HaNpsUKEHHH MM Jp-MHTErpana s BbIpe3a C 3aJaHHBIM PaJHyCOM 3aKpYTJICHHS.
IIpu 5TOM JlIOKaTBbHOE HANPSHKEHUE BO3JIE HAApE3a PACCUYUTAHO OOBEMHBIM METOAOM, KOTOPBIi
yCTaHaBJIMBAeT ompeneneHHoe 3(Q(eKkTHBHOE HaNpsDKEHHE € y4eTOM TIeOMETpPHHM Hajpe3a H
3¢ dexTa orpaHUYeHNS HAPSHKEHUH y ero BepIIuHbl. OTH (aKTOPbl NPUHATHI BO BHUMAHUE IPU
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OIIPEACTEHNN BSI3KOCTH PA3pYIICHUS M MOCTPOSHHH MOIU(DHUIIMPOBAHHBIX IHATPAMM OLIEHKH
pa3pylIeHus BO3JIe HAJpE30B.

KnroueBble cl10Ba: Hadpes, MEXAHUKA paA3PYUWeHUs, OUazpamMma OYeHKY paspyueHus.
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