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ABSTRACT

'he paper presents an application package simulating the
fatigue crack propagation in welded Joints in terms of the
finite element method (FEM), using J-integral as the criterial
parameter describing the elasto-plastic fracture process in
the crack tip. The numerical study of J-integral invariance
for certain types of welded joints was performed allowing for

such factors as mechanical heterogeneity and geometrical

non-linearity of the weld, residual welding stresses, loading
biaxiality. Analyzed are the results of a set of experimental
studies of the regularities of the main structural,

technological and experimental factor effect on a stable
propagation of the low-cycle fatigue crack. It was a basis to
develop recommendations to evaluate the welded metal structure
fatigue life at the stage of the 1low-cycle fracture

propagation.
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NUMERICAL SIMULATION OF WELDED STRUCTURE
FRACTURE PROPAGATION

A FEM application package designed for PC was developed for
the numerical simulation of a stable FCP in welded Joints,
using J-integral as the parameter describing the pProcess of

elasto-plastic fracture in the crack tip.
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Fig.1. Diagram of loading the SENT-specimen of M16C steel. [ -
experiment, O - numerical simulation.
The calculation of a uniaxial loading of SENT-specimen of M16C
steel performed in order to test the developed FEM package
revealed an acceptable agreement of the numerical simulation
results with the experiment (Fig. 1). The performed series
of numerical calculations confirmed the invariance of J-
integral for welded maximum scatter of J-

integral values, as shown by calculations,

Joints. The
did not exceed
5% for different contours (Fig. 2). The mechanical Properties
of weld metal markedly affect the plastic deformation deve-
lopment in the zone of Joints with crackpike defects, In
case of an electroslag welded butt joint on low-alloyed 13XI'M®
steel (0Y= 636 MPa), with a transverse weld (0Y= 673 MPa),
the loading diagram is located somewhat higher than that for

the base metal (Fig. 3). The manual welding of the
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Fig.3.

the given joint loading as compared to the base metal at the

same loading levels.
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A .
S can be seen from Fig. 3, the effect of residual stresses jg

manifested, mainly, in the increase of the plastic deformation

level as compared to

‘ the initia] sSpecimen. The loading biaxi-
ality Produces g more complex effect on the welded Joint
deformation. As can be seen from Fig. 4, in the elastic
region the additional tensile Stresses in the direction

normal to the main load diminish the measured longitu-

Specimens, as they
Site sign deformation in the main

dinal deformation of cau th
se e oppo-
direction. Conversely, the

compressive additional stresses, due to the Same effect
’

lncrease the longitudinal deformation of the Specimen In th
i e
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region of Plastic deformations the

compressive and tensile additional

Presence of bogth the

. stresses leads to the
lncrease of rPlastic deformations.
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EFFECT OF THE PRINCIPAL STRUCTURAL AND TECHNOLOGICAL
FACTORS ON RESISTANCE TO STABLE FCP

The numerical simulation was performed in parallel with a
series of experimental studies on the effect of the main
structural, technological and service factors on the
resistance to stable FCP in welded joints using SENT-specimens
made of low-carbon CT3 steel, low-alloyed 14X'HMa and
12XTH2MO®IIPA steels and their welded joints.

The speed of the FCP was assessed on basis of kinetic equation
of the type of
. coanm (1)
dN
The analysis of the performed experimental study results

Table 1. Parameters of kinetic equation.

Parameters
Steel Welded joint S

zones c-10 m
Cr3, BM (Base Metal) 4,07 1,26
Welding in HAZ (Heat-Affec- 1,10 1,50

ted zone )

COZ WM (Weld Metal) 0,53 1,562
14XI'HMAO BM 0,217 1,83
X-70 BM 1,28 1,35
submerged HAZ 1,06 1,30
arc welding WM 1,04 1,30
12XT'H2MoPA BM(hardening 3,50 1,09

+ tempering)

BM (temp.+ 11,00 0,79

hard.+temp.)

enabled to reveal the tendency to m exponent lowering with the
improvement of steel mechanical properties (Tabl.1) and to

establish the dependence of C constant on the steel strength:
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ceff = € - 10

where S

energy under static loading.

The loading cycle asymmetry is one of the most

factors affecting FCP in metals by means of

closure effect (Shih and Wei,1974),
integral range should be used
influence of the

plastic deformation:

My = 1.86 + 0.78-10 7w, w

(2)

is specific fracture

essential
so-called crack

The effective value of J-

for taking into account the

given effect on FCP rate in case of elasto-

2
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thickness of the specimen,

is load level corresponding to the moment of

R ——

A 3 VO o s s

crack closure, which is determined from the "P-v'" diagram,by

the inflection point. For the low-carbon ductile CT3 steel a
diminution of the crack closure effect is observed
the increase of plastic deformations at the crack

4radual
because of

tip. With the level a

increase of the alternating load

4radual drawing together of kinetic diagrams of fatigue

fracture (HKDFF) of
high-strength steels the nature of the stress cycle asymmetry

low-carbon CT3 steel is found (Fig. 5). In

practically parallel shifting of HDFF

affect is reduced to

(Fig. 5).

Proceeding from the derived results of experimental studies

the evaluation of the effective values of J-integral can be

performed on the basis of the expressions of the following
kind:
A (R_+ 0,5) b
3 g J
AJ = AJ-e a - (Ad) (4)
eff i
AP = AJ-E/(n-l-0$) (5)

where Xj is the factor of steel sensitivity to stress ratio

at the fatigue fracture

constants (Table 2); R,

propagation stage; aj and bJ are

is the stress ratio.

Table 2. Parameters of the equation (4).
Parameter Crt3 12XT'H2MOPA
by 2:13 2,786
J
a, 1.66 0.97
b 0.18 0.15

The effect of creep on the cyclic crack resistance depends on

the maximum values of J-integral (Audo and Ogura,1978):

*
dl - [ dl ]fal+( dl ] = F,(Aj)m + Cx_(Jmax)m (6)
dN dN dN /¢
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Approximation of the design—experimental data array by the
exponential expression of the type (1) vielded the following
parameter values for the low-carbon CT3 steel:

M(Zm&!)

KJ
The number of regular loading cycles corresponding to the

c* = 4,6-10712 s m* - 2,98

stable FCP stage up to the moment of fracture, on the the

basis of (4), can be written as:

b
w 2.7 ler b
N = 1%, N X d1 7
0T x,(na»o,s> b b +1 (7)
C-e ! ‘ac E 7 lo &g !

where lo is starting length of initial defect, lcr is critical
length of defect at which the condition is fulfilled; and the
value of Jrc pParameter 1ig established from the experimental
HKDFF for SENT-specimens. When performing the numerical
integration, the values of J-integral range are substituted
into the integrand of the expression (7), these values having
been derived during numerical simulation using the FEM Program

package.

Thus, the results of the rerformed numerical and experimental
studies and the generalized estimates derived on their base
allow to forecast the fatigue 1life and service life of
complex-shaped welded metal structures at the stage of fatigue

fracture Propagation in the elasto-plastic loading region.
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