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ABSTRACT

Distribution of residual stresses 1n welded Jolnts 1s
apgroximated by functlonal analytical dependences and are
determined by SIF at the crack tip. The 1influence of the
residual stresses fleld on crack propagation and crack
retardation was studied.
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INTRODUCTION

Brittle fracture of welded Jolnts takes place by propagation
of cracks, which initiate during weld or some time after
it. In this case residual stresses arising due to uneven
heating or cooling of metal during welding as well as by
mhomo%eneous lastic deformation caused by varlous
strengthening reatments  substantially 1Influence crack
propagation. The aim of the work Is to study possible types
0f  residual stresses Influence on brittle fracture
develogment in the area of thelr distribution using the
elementary model 1in plane formulation.

Residual Atresses Approximation. Normal residual stresses

change 1In transversal direction (along the Or axis) by
different laws, depending on the type of welding,
ghysico-meohanical properties of the welds material. Typlcal
istribution of Tesidual sStresses (Fig. 1) can be
approximately approximated by dependences:

= 2 »
Gx(I) = 6p[(1+o‘c/6p)/(7+(:r/L) GC/GP) GC/O‘p] (1)
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2
G = 0,[(1+6,/G_)(1+G /G, )" (F/L) _
Jy(r) p[( +0, p)( +0, Gp) Gé/Gp] (2)
at r << B, where 2B 1s a specimen width. In this case & and

5 are maximum tensile and compressive  siresses; L

oﬁaracterizes the 1length of the tensile stresses area.
Expressions (1) and (2) satisfy conditions G(O):Gp, 6(+L)=0,

o‘(x>L)~-o‘c at L<<B.
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Fig. 1. Distribution of residual stresses in the
areakgr (CC) central (a) and (EC) edge (b)
cracks.

Complex distribution of residual stresses in the crack plane
may be approximated with high accuracy by the analygical

dependences 1in the form of trigonometric pol omial {(Trush
TE et al., Toar)e v RO - '

6(z,0) = Ay + E::akcosgﬂr + bsin%ﬂx (3)
k=1

Analysis of the elastigity problem solution for Infinite
plane weakened by CC shows that of the sell-balancing

stresses G(z) and crack edges displacement uv(z) will bo
presented as:

N
a(z) = 2::a3U3_,(171);
s=1
x (4)
vez) = BI22 N o u ), (zi<;

3=
the boundary conditions on the crack Iine (jz|<l) are
satisfled at as=—bs. Here, a - are

coefficients, evaluated by the known formulas, which 1in
Zeneral case depend on the physico-mechanical properties of
material, technological, Service characteristics of a

00 COgr bpy
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structure, shear p-modulus, = 3-4u for plain strain and = =
?;—v)/(7+v) for g‘plane generalized stressed state, v 1s a
Polsson's coefficilent.

Stress Intenslty Factor. We suppose that crack edges do not

come 1n contact, 1.e. distance between defect faces 1s larger
tggn the elastic dlsplacements. Basing on fundamenial
solutions (Panasyuk V.V. et al., 1976) we obtain SIF value
for CC that corresponds to distribution (1)

_’/2—0‘0/6 1, (5)

2
K, = 6pMﬁT[(7+Gc/6p)(1+(Z/L) GC/GP p
and during distributlon (2)
_ = =P /
£y = GPVET[(1+GC/op)e Io(p)—Gc/Gp], (6)

where p=1/2(lT)21n(1+60/6 )i Iyp) 1s a modified Bessel
function of the zeroth order. For EC at distribution (2) we

obtain:
2R+1
G 12 E T
R(2p) C _
K. =06 21/0{[1+ c] (=155 ——£§¢7—l—
S % ; I+

o (g "
brfzed)

with T(z) to denote a-function; c=2m2/(m°-4). If the
residua& étresses distribution 1s described by dependence (3)
the SIF value can be written as:

N

+ o (c) (s)
K = agk{® + Y a k) + v k(% (k) (8)
k=1

where K§0)' K}c), K§3} are SIF values, when load o=1,
O0=coskmz/T and O=sinkmzr/T respectively, 1s applied to the
crack edges. These values are determined by the following

relations:
In case of CC:

k(0 = vl E(S) = Vi rTLT),

(9)
s+ VLT, (RUL/T).

1]

(s)
Kr
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In case of EC:

%) = /2L B[%'é) ’
ng) _ %io(_7)n[kﬂ'ﬂz]2n727;—)73[2n;7’§] , (10)
n=

0
an+t
K(s) _ V/éi }:: (kT 1 2n+2 1
I TC n—O( 1) (T“ZJ ZEnH}!B[ c ’2]
Here JO(Z), J,(z) are Bessel runctions of the first order,

Bga.b) 1s a beta-function c:2w2/(w2~4) All values of SIF r

Q(J_Zwith upper sign (+) correspond to the right crack t?r
(r=1), and with 1dwer sign (-) - to the left one (r=-1). Wg
gbtain rather simple relationships for ¢C 1t stresses G(x)
and dﬁgﬁ%?cgments v(z) are approximated as (Panasyuk V.V. et

al.,
N N
e 3 + =
Ki= VﬁT§ (+1)%b, or Ki =% Vfr§ (11)3a8 (11)
3=1 8=

Crack Edges Displacement. Basing on results of study
(Panasyuk V.V.,1968) crack edges displacement of the

non-contacting CC when stresses (3) are applied
can be written (Trush I.I. et al., 1987), %%: to Tts edges
N
7 e (O) c 3
v(r,0) = ayv + }Z:ﬁkvé 4 vak( ) : (12)
k=1
UO(J:,O) - ae+l‘7L I/Z‘?—? ,

(c), _ %+ T -
v (z,0) = 21 L AZ 2 }:;(-7)3J23+,[E%ZJUZS[%], (13)
8=

véSJ(z.O) = @5& E%TVf?j;? }f:(_7)3+’Jés[E%z]Ué3“’[%]'
3=7

When the cut edges displacement under normal force t
G(r) are known can evaluate SIF values (Panasyuk V.V.Se%rgf?J
1976): In our case, for displacements (12) and (4) SIF values
are determined using expressiocns (8) and (11) respectively.

The Obtalned Data Analysis. From numerical analysis of
equations (5)-(7) we get that at 1/L<0.2 and 6p/60<2.o (with
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error up to 5%) O K}Oj with corresponding tensile stresses

0, =const. KI<K§O) at all values of 1/L and & /Gc. It 1s known

that under tensile stresses influence the propagating crack
penetrates Into a zone of compressive stresses and arrests
(Zlachevsky A.B., Shuvalov Y.A., 1985). We assume KI(Z*)=O,

where l, 1s arrested crack size to be a condition of crack
arrest. Values l*/L at various g 60 in case of distributions

(1) and (2) for CC and 1n case of distribution (2) for EC are
gliven in Table.

Gﬁ@cOJ 0.5 0.8 1.0 2.0
(5) CC 1.45 1.58 1.67 1.73 2.0
(6) 1.44 1.51 1.57 1.60 1.80
(7) EC 1.49 1.87 1.64 1.68 1.93

Having determined critical crack size l, from equation
K{°’(1,)=0 We obtain for CC 1,I-1.53, and for EC 1/I-1.5.
At R1/7>8.0, K{®//K{0)<0.1, 1t means that at greater length 1
or at higher frequency of stress sign variation Kéc)/Kgo) -+ 0
and K{3//k{%) . o.

As an example, we consider distribution of normal stresses
shown in Fig 2a. Variation of K /k{% (k(%-6vmT) are

determined and investigated, depending on 1 at different
nzﬁb/ﬁc.
As 1t 1s seen from the curves KI~6pViT at l<m/2; 1f 1-w that

KI=(6 —GOJVET/2. Values KI/Kgo) change about the value
(7—7/%)/2, (N=0 /06,). In this case amplitude value decreases

with the growth of 1, however 1t substantially depends on M.
We can choose such values of Mo at 121, (K;(1,)=0) at which

condition K;(1)=0 1s satisfied, 1l.e. the crack penetrates

Into the compressive stresSses area and arrests. In our case
n0=(w—2)/(w+ ). To study the influence of the shape of the

residual stresses pattern on SIF value we considered
distribution of stresses, for which & =0,=p and was equal by

length (w) to 1rre§ular areas of tenslle and compressive
stresses. At 1>5m Influence of pattern shape on relation

K;/K{% 1s insignificant and at 1 » o /K95 0,
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F1g.2. b - Variation of relation K, /K(°’ depending
on CC length of at various values n=G_/G_;
p ¢
a - Internal stresses pattern.

Note, that for more accurate evaluation of brittle stren%th
of welded Joints 1t is necessary: 1) to take into account the
;fartial contact of crack e 8; 2) to determine critical
ength 1, from equation Kr(1,)=K;,; 3) to study Influence of

the prefracture redistribution of residual stresses with size
! Increase. The 1influence of shear residual stresses on the
brittle strength 1s taken into account in much the same way.
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