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ABSTRACT

Uniform criterions are Proposed to estimate the local stress

state of the material at the crack tip under various loading

conditions (static, impact, high-speed impulse, cyclic and

impact-cyclic). There are Amay t - ratio of the maximum depth

of the plastic zone under the fracture surface to the thickness
of the specimen and‘ﬂ/ﬂiratio of the diffraction line width
obtained at the fracture surface to the standard line width.
Three fields of the local stress state are distinguished as
follows: 1) the plane strain deformation (PD), 2) the rlane
stress state (PS), 3) Transition from the PD to the PS. It was
shown that number of plastic zones at the crack tip is
independent from the tyre of loading conditions.But it depends
on the 1local stress state of the material. The plane strain
deformation condition may be defined more precisely by use of
the criterions hmav/¢ and_ﬂ/ﬂa-
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INTRODUCTION

The evaluation of the local stress atate is necessary for
correct determination of the material static crack resistance,
for diagnostic of industrial structurals failure to estimatethe
failure stress.

If the plane stress state and the plane strain deformation at
the crack tip are two extreme stress state, then specimens and
structurals failure will be carried out between the two above
stress states. It is necessary to Provide a criterion for the
local stress state evaluation in this transition region. It is
also nacessary to give a uniform criterion for diferent types of
loading conditions and to indicate the acceptable intervals
where the stress state may be treated as either Plane stress or
plane strain deformation. The known criterion detailed in paper
(Brown and Srouly, 1972) are not pPhysically substantiated and do
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not cover all types of loading conditions. This Paper

presents
criterions which satisfy the above requirements.

EXPERIMENTAL RESULTS

To control of fered criterions,
static, impacty high-speed

tests were performed under
impulse, cyclic and impact-cyclic
loading conditions. Specimens were tested at the temperature
interval ranging from -196 to 150°C. Standerd techniques were
used. Fatigue tests were rerformed under two scheme of loading
(Fig.1). The depth of plastic zones under the fracture surface
was measured by X-ray diffraction method presented in the papenr
(Klevtsov and Botvina, 1984).
Steels 20,40,45, St3, 1SX2MPA for
the materials with the BCC-lattice
2:06 structure,alloy D16 and austenitic
steels 40rise, 40X4ri8e,03X13Ar19,
maapmﬁ O07X13H4Ar20 for the materials with
5 R-01 R:02 fL the FCC-lattice structure were

D10 a P=const

used.

0 Earlier Klevtsov et al.(1988,1991)
showed that the ratio of the maxi-
mum depth of the plastic =zone
under the fracture surface to the
Dmax = const specimen thickness ( hmay/t ) can
10 ) serve as such a criterion for the
R-4f R-02 R-03 2-04 R-0,5 evaluation of the loal stress
/\/ state at the crack tip under
5 IL rl/ f\j different types of loading
conditions. Three distinct regions
0 g 7 of the local stress atate may be
Scheme of specimens
fatigue test

D10%u

distinguished. 1. Only one 'micro-
pPlastic zone 4, is formed under
the fracture surface irrespective
of the types of loading conditions
and class of the material when the
ratio of the maximum depth of the plastic zone to the spec imen
thickness hyuy /¢ < 102 . In this case the failure of the speci-
men during the static crack resistance tests satisfies the
conditions of the plane strain deformation according to fracture

Fig.1.

mechanics (Brown and Srouly, 1972). 2. Two rlastic zones: a
highly deformed micro rlastic =zone Ayh and a lowly deformed
macro plastic zone Ay are formed under fracture surface when

hwmax/t > 1C Y . This is the region of the plane stress state
(PS). 3. The region of transition from PD to PS takes place when
107 2< hmay /¢ < 101 - All the materials fracture in
region under the cyclic loading conditions. Materials with an
FCC-lattice structure are fractured in this region under static,
impact, impulse of loading conditions. The fracture as a rule is
accompanied by the development of the "degenerated" lowly
deformed macro plastic zone.

Let us compare the criterion hmax/t with the

criterion
t—/'(/( /6‘02)2)/ 2.5 which shows the plane

deformation

known
strain
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condition of specimens subjected to the static crack resistance

tests (Fig.2).

"‘/f Fiq-z-hmax/[ = Z.‘/(“/\/G\C’,l)2

T ! relation for materials tested
| » | for static crack resistance.
| 2 -4 1-steel 20, 2-steel 40,
AN bt | 3-15X2MPA, 4-D16, S5-03X13Ar19.
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Relation between criterion Amax/t and criterion t/(Kﬂgj)z are
shown in Fig.2. Criterions coincide for materials with a BCC-
lattice structure. The plane strain deformation condition take
rlace only when £/(K/G,,)2> 9 for materials with a FCC-
lattice structure. In this case, the ratio Amay/t ¢ 10°R - only
one micro plastic zone is formed under the fracture surface.

The plane strain deformation approaches when f/(“"‘_‘“‘/ﬁ‘z)zaé
for all classes of materials under cyclic and impact-cyclic
loading conditions (Fig.3).

Fig-:‘-l\max/f - t/(»‘(max/6\0-'4')2

relation under cyclic (1...12) and

fu/t

1 impact-cyclic (13) loading condi-
A gt || tions. B
\\. o 1 1- D16 (t=10'2 m; R=0.1; 5P=const).
0 .o i a 2- D16 (£=10"2 m; R=0.3; 4P=const).
., 2 jr 3- D16 (t=10"% m; R=0.5; AP=const).
0 A ¥ e RENE 4- D16 (t=10"2 mijR=0.1;Py,,=const).
g v va || l il 5- D16 (t=10"2 mijR=0-5;Ppn,,=const) .
ke | 00| 6- D16 (t=1.5x10"2 m; R=0.5).
1Ay LS 7- D16 (t=3x10"2 m; R=0.5).
R 8- D16 (t=5x10"R m; R=0.5).
K 9- Steel 20 (t=2x10"2 m;R=0.5;T=
% 20°C). 10- O7X13H4Ar20 (t=2x10"R m;
0* N R=0.5; T=20°C). 11- O7X13H4Ar20 ( t=
. : ﬁ 2x10°2 m; R=0.5; T:—2BO°C). 12-
s O7X13H4Ar20 (t=2x10'2m; R=0.5; T=
0 0z 05 1 2 3 Yewf -196°C). 13- Steel 45 (t=1.2x10°2 m;

R=0; T=20%C).

; 2 .
The ratio hmax/t as a function of the ratio l‘/(AK/G'a.Q) is
described the series of rparallel lines corresponding to the
different values of R.

The change of the stress state at the crack tip affects both the

plastic zones depth and the distortion of the materials crystal
structure within these zones. The distortion may be evaluated by
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:hedQ1ffr§ction line width. But it is better to use a
Dsza;::;SIDn:] valpe = the ratio of the diffraction line width
i ]ineon. he fracture'surface € ) to the standard diffrac-
il e, :l:th ('ﬂF )y i.e. (~ﬁAPO ) The ratio hmax /¢t as a
el o he rat?o LB/ for different materials tested under

1€y impact and impulse of loading conditions are shown in

Fig.a. hmax/t - 53/po relation
for different materials tested undenr
static, impact and impulse loading
conditions.

1,2,3,4- staticy, 5,6- impact; 74,8~
impulse.

1- steel 20, 2- steel 40, 3- 15X2MQa,
4- D16, 5,8- steel 45, &6- 4oxarise,
7= St B
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5; 1S evident that the ratio hmax /¢ as a function of the
aréji;de::rd materials fracturing without Phase transformations
distinguis: :n? Df the type of.materials- Three regions may be
of B €d in Fig.4. The ratio jB//go increases to value

- ln_the Plane strain deformation region (PD). The ratio
;ﬁé{igsesls a cpnstant within the transition region, and
ratie j3/_§galn‘ln tﬁe Plane stress state region (PS). Thus, the
it may be/ o is unlque?y r?lated to the parameter,hma,/f. and
bl i craU:ed' or quant?tatlve evaluation of the stress state
maten;a) ;h tip un§er different types of single loading of the
criterio; 3e relat?on. between the criterion hma;/t and the
S ehar . J /UBV- 1S independent of the class of material and

e o loading under cyclic and impact-cyclic loading

conditions. The ratiog : i
Sth e _/3/'./3b 1S a constant on the stable crack

ratio

CONCLUSIONS

- : J%‘ﬁc may be used as uniform
Criterions fopr the estimation of the material local stress

Crack tip under diff i
ceme B, erent types of loading

2. The Plans St?ain deformation is realized when the ratio
Z‘/SK/GB,z) 2> 9 in materials with FCC-lattice structure tested
under the static loading conditions.

3« Under the cyclic and the impact-cyclic types of loading

CDnéit?ons the plane strain deformation is realized when the
ratio t/(/<m“’/621)%55'
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