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ABSTRACT

In a loaded real Elane with a crack, plastic deformations
a;inlt)ear at the crack tips. If the glastic zone 1s comparable
with the crack length, then for the studing of deformations
of the plane the non-linear fracture mechanics should be
used. The }gaper suggests general method of solving plane
elasto-plastic crack groblems by using {Jlastic strip model.
Plastic zone 1s modelled by inclined sllp strips at the tip
of a crack. It 18 assumed that the plane material 18
perfectly elasto-plastic and on the slip lines the yield
criterion 1is satisfied. Thus, the problem of the development
of plastic strips 1n a cracked plane 18 reduced to the
boundary value problems of the elasticity theory for a
region with Kkinked or branched cuts. The length and
inclination angle of every lateral branch simulating of the
plastic strip are determined in the process of solving the
problem. The singular integral equation method 1s used to
Solve these problems. Numerical results are presented in the
cases of an uniform tension at infinity or an edge crack in
semi-infinite plane. Parameters of non-linear fracture
mechanics, such as crack opening disfplacement (COD), length
and inclination angle of plastic strip, are evaluated.
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The generalized plane stress state 1s realized when a thin
late 18 deformed by <forces acting 1in 1ts lane.

erimental Investigations of plastic deformations of thin
Elates with open mode cracks indicate that at first, when
oading level 1is low, narrow plastic zones appear on the
crack {Jrolongation. When the Iloadi 1s 1increased at the
crack tip the secondary system of the very thin symmetric
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Slip Strips suddenly appears 1ip the planes Inclined at an

fgle of apout 509 tq the crack line. 7he primary and
Secondary plastic Strips have different physical
Interpretation. The grlmary plastic strips appear on the
Plane of the maximal tensile Stresses. In this case the slip
OCcurs 1in the blanes of maximal shear stresses, the planes

Are inclined gt an angle or 459 to the plate surface. The
Secondary slip strigs appear on the planes perpendicular to

lanes. Pp1astie Strips will be modelled by means or the

Ines of displacements discontinuity; on the lineg

corresponding to the secondagﬁ %%f%} Strips the Jumps of the
e

plate 1ig redused to S0lving the elasticity theory problem
for g bra?cned cut (Panasyuk and Savruk, 1992, Panasyuk et,

were Substituted for fictitd
Stresses €qual to the yield g TeSs 0y. Then the plastic zone

length 1g g1iven by formuila
ZO/Z=cos(wp/(20Y)).
where 2ly 1S the crack length, Z-ZO 1s the plastic strip

length.

[t can pe Shown that thig model satisfies the Treska yield
Criterion only when external forces are small eno . Let
the crack faces be Stress-free, and at infinity the plate be
stretched by the forces and q acting in the directiong
gerpendicular and parallel to the crack line Trespectively.
he maximaj Shear” stress 1p the plane is determined by

a

this cage narrow ’las ic st%éps on the crack ﬁrolongation

rorces leadg Lo the 1increase 0T the plastic zone. When this
Zone reachs the crack tip than the new slip strips can
appear.

Let us aggup that three plastic Strips emanate from the
erack  tip, When the plate materia] 1s  pertectly

(Fig.2.) the Treska yielqd criterion 1g satisfied the
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Fig.1.Dependence or the 1oad Fig.2.511p striﬁs at the tips

p/Gy  when Tmar TEachs O a crack in a plate,
the yleld stress in subjected to  piaxial
shear on p/q. loading at Infinity.
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Fig.3.variation ot p/oy with 11/10 (a) and 12/'1(J (b))  (dotted
line corresponds to the Dugdale solution).
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following boundary conditions take place:
2 = -
Ng+1T,=0, teLy;
=4 - S - .
N T =o=21,, teL, (n=2,5); (1)
+_a— + - Sy o .
NN Vo=V, T,==Ty,» t€L (n=1,4);
+_a— +_— £ _
N =N, v =v_, T,=Ty» t€L, (n=3,6).
Here N n and T, are the normal and tangential components of
stresses and v, 1s the projection of the displacement vector
onto the Ony’z axis, these values being specified on contours

L, (n=0,8) related to the local coordinates system X079,
The 0 x axes (n=T,8) pass along the contours L, and form

angles a  with the 00X, axes, points 0, (n=T.6) are in the
centres of contours Ln. The values with indices + or - refer
to the left or right faces of the cut, t=xn+tyneLn.

The boundary value roblem (1) of the plane theory of
elasticity for an infinite plate with a branched crack 1is
reduced to solving the System of singular integral equations

1 0
Re ’
;[Im}{ J [Kno(to'xrz)ﬂ‘no(to'xn)]go(to)dto+

0
11
+ t[Kn1(t1,xn)—Ln1(t1,xn)—Kn3(t3.xn)+Ln3(t3.xn)+
-1
;

+Kn4(t4’xn)—I‘n4(t4’xn)_Kn6(tS'Xn)+Ln6(tS’xn)]g‘ll Ui MGy

(2)
+ f [Bpa (t20x, 4L 5 (tyux )4

_12
KnS(tS’xn)+Ln5(tE’Xn)]ng(tz)dtZ} =
-p, n=0; ZTY—p. n=2
B » X €L
~Ty*+(p-q)sina cosa, n=1
to determine the unknown functions &, (ty) (k=0,2). Here
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etak 1 B—Ztan
Kﬂk(tk’xﬂ) = 2 [T _X + ™ = 5
t kR %n Tk_xn
-ta
R 1 T —Xn -2{a
— = _ kK n
Log (tpeXy) = —(—=— ——='ze ] )
; Tk—Xn t(Tk—Xn)
a a
Z Rk, 0 _ n, 0
Tk-tke +Z4s Xn—xne +2.,
Za=lo+1,eXp(ta,) (k=T33), 2p=-lo+1,exp(ta,) (k=T5),

a=a, a,=0, Ay=-a, a,=0~T, A==, Q=N
The unknown functions 8,(t,) are expressed in terms of the
Jumps of the displasement vectors on the contours I

8 (Tp)=(B/4) (Wi-up), K=0,2, g, (t,)=(E/4)(v}-v,),
where E 1s the Young’s modulus, u, 1s the projection of the
displacement vector onto the 0,x, axis.
For the determination of the plastic strips lengthes 211.
2l, we have two conditions
8{(11 )=O- gé(12)=01 (3)

orientation angle a will be obtained considering that slip
Strips Ly, L, L,s» Lg are oriented so that their length i
takes the maximal value: 11 (a)+max.

The numerical solution of the system of integral equations
(2) with the specified parameters lys 12 and a was found by

the mechanical quadratures method (Savruk, 1981). We
couldn’*t obtain good results at the moment of the new sli
strips appearance, that is why we suggest this results only
for the case L1715>0.1.

The numerical results show, that when new slip strips are

small they are inclined at an angle of about 60° to the
crack line. The 1ncrease of the tensile stresses leads to

the decrease of this angle, and 1its magnitude 1s about 45°
Wwhen (p—q)/oY+1. The 1influence of the lateral slip strips

Lys L, Ly Lg development and the force acting in parallel
to the crack direction on the plastic strips lengthes 211,
2l, and crack opening displacement A='lcE(v5—v5)/(8100T) is

shown on Fig.3 and Fig.4 (solid lines). Dotted lines in this
figures correspond to the Dugdale solution.

Now let the stresseslp be directed at e Z to the axis x
(F1g.5), g=0. The solution of such problem 1s obtained for
the case when only one leastic strip emanates from crack tip
(Panasyuk et. al., 1991). The numerical results for this
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Lo the Imgdale solution).

loading at infinity.
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Jirip length 2l, (Fig.6) show that it is maximal 1in the case

of gimmetric loading (y=m/2) at level of loadi
(p/ay<1). When the angle between the tension direction an

the crack 1line 1s decreased the length 211 1s also
decreased. The orientation angle a, 1s chosen in the way

providing limitation of the shear stresses at the tip of
ylastic strip.

The similar” numerical results (Fig.6, dotted 1ines) are
obtained for the slip strip at the tip of an arbitrary
oriented edge crack in a semi-infinite plane (Fig.7).
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