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GENERALIZED PLASTIC STRIP MODEL FOR MODE I CRACKS

M.P.Savruk® and A.M.Danylovych™
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the tip of a crack. It L med that the
plate material Is p agto~glastiﬁ
and on the ¢lip lines the yleld criterion
is  obeyed. Thug, the roblem  of ihe
develovment of plastic girips In a eracked
ate  1g reduced  to  the boundary value
problemg of ihe elasticity theory for a
region with branched out. The ainguiar
infegral equation method 1s uged fo o golve
this problem.
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INTRODUCTTON

The generalized plane siresg state 1 reallze
thin plate is deformed by forces acting in ita
Experimental investigations of plastic deformatb]

thin plates wilth opening mode cIacks indicate thal ai
first, when loading level is iow, narrow plaglic fones
appear on the crack prolongatior. Wnen the loading is
increased at the crack tlp the secondary system of the
very thin symmetrle sllp Strips suddenly appears in ihe

lanes inclined at an angle of aboutl 50" to the crack
ine. The $rimary and secondary plagtic sirips have
dirferent physical interpretation. The primary plastlc
strips appear on the plane of the maximal tengile
stresses. In this cage the sli{ oceurs In the planes of
maximal shear stresses, the planes are inclined at an

angle of 45 to the plate surface. The secondary slif
strips appear on the planes perpendicular to the plate
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surface with maximal shear stresses acting on
the planes. Plastic strips will be modelled by means of
the 1lines of displacements discontinuity; on the lineg
corresponding to the secondary slip strips only the
Jumps of the shear displacements are different from
Zero, whereas the primary plastic strips will simalate
only the normal displacements Jumps. Then the problem
on the plastic strips development in a thin cracked
plate 1s reduced to solving the elasticity theory
Broblem for a branched cut as 1t is proposed by
anasyuk and Savruk (1), Panasyuk et al (Z2).

al equations of the problem. For the first time
e plastic s8tirips model was used by Leonov and
Panasyuk (3), Dugdale (4), Leonov et al (8) papers for
80lving the problem of the elastic-plastic equilibrium
of an Infinite perfectly elastic-plastic plate with =
stralght crack under apglied at iInfinity tensile
stresses p dlrected perpendicularly to the crack line.
In thils case narrow plastic strips on the crack
rolongation were substituted by conventicnal cuts with
tensile stresses being equal to the yield stress ¢ on
thelr faces. -

Inte

It can he shown that thls model satisfles the
Treska yileld criterion only when external forces are
small enough. Let the crack faces be stresg-free, and
at Infinity the(flate be tenslled by the stresses p and
q acting perpendicular and parallel to the crack line
respectively. The maximal shear stress in the plane 1s
determined by formula

Tmax=i0YVZL—Zg Z(Z—E)/(%VZL«ZZ(ZE-ZS))+1/2(p—q)[.
where 21, 1s the crack length, I-1, 1s the plastic
strip length.

The curve on Fi%.i. shows the relationship between
quantities of the siresses p and g when Tmar Teaches
the yield stress 1in shear TY=GY/2 and plastic

deformation should appear. It appears at a short
digtance from the crack tip. The Increase of the
external loading leads to the extenslon of the plastic
zone. Once this zone reaches the crack tip, fthe new
sllp strips can appear.

Let us assume that three plastic strips emanate

from the crack ti%. When the plate material 1s
perfectly elastic-plastic and on the glilp 1lines
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(contours L. k=T%6) (Fig.2.) the Treska yleld

eriterion is obeyed the following poundary conditions
take place:

N;+iT =0, tELys

Nh+iT%=OY:2Ty, tel, (n=2,5); ()
+_ A . R * » @
anNn, VT— i3 Tnﬂ TY’ tELn (n=1,4);

i
".“»_ e +_ Y m‘t__ ._T - o
Nn—Nn, ¥ X i T,=Tys teL, (n=3,6).
Here N and T are the normal and tangentlal components
of stresses and Vv, {g the projection of the

diaplacement vector on the Onyn axis, these values
peing speclfled on contours L (n=0,6) related to the

1oeal coordinates system annyn. The Onxn axes (n=71,6)
are directed along the contours L forming angles o,

with the O, X, axes, polnts O (n=T,6) being located at
the centres of contours L . The values with indices +

or - refer to the left or right faces of the cut,
tnzxn+iyn€Ln.

The boundary value problem (1) of the plane theory
of elasticity for an infinite plate with a branched
crack  ig reduced O solving the system of singular
integral equations

10
el [ R L (t (4 )AL+
ol m [ n0<‘0’xn)+ no O’Xn)]gO‘“O)“ 0
“lo
%1
* j i[KrH(t1’xn)_Ln1(t1’Xn)_KnB(tB’XnHLn'j(‘tB’Xn)+
_11
+“n4(‘td‘X7l>_Ln4(t4’Xn)—Kn6(té'xn)+LrL6(t6’Xn)]g1‘.(t1)dt1+
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he loading
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Figure i. Relationsnhip oetween Figure Z. Straight crack
parameters?%5} antVGy wnerein with plastic strips in
the secondary yielding appears an infinite plate

1in the vicinity of crack tip
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Crack opening displacement versus loading
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