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ABSTRACT

The inspection of various structures often detects a fatigue cracks developed during long service life.
These fatigue cracks significantly reduce remaining fatigue life and fatigue strength. Influence of the
initial fatigue cracks size in non-load-carrying fillet-welded one-sided transverse attachment joints on
the remaining fatigue life and fatigue strength is considered in this paper. A computer simulation of
fatigue crack growth was used in this analysis. Obtained results could be very useful to determine
optimal inspection intervals.
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1. INTRODUCTION

Fatigue is one of the most frequent form of the failures of the welded structures. According to ref.
[1,2,3] 50 -90 percent of al mechanical failures are fatigue failures. Many experiments show that the
fatigue crack mostly initiates at the weld toe because of the severity of the stress concentration at that
location and propagates through the main plate (Fig.1.) to a fina fracture. The objective was to
determine how well one can predict the crack propagation life of a weldment under cyclic loads. The
fracture mechanics approach was utilized, average material properties were assumed. The objective
was pursued by analysing crack propagation at non-load-carrying fillet-welded one-sided transverse
attachment joints (Fig.1). Specimens were fabricated from low-carbon structural steel S355JO
conformed to MEST EN 10025 2003 standard specification.

2. ANALYSIS OF CRACK PROPAGATION

2.1. Crack propagation model
The crack propagation lives were calculated with the Paris equation [4]:

da
= oAk 1
= ClaK) )
where
da/dN = crack growth rate,
AK = range of stressintensity factor,
C and m = materia constants.

2.2. Stress intensity factor

The stress intensity factor was calculated by using Eq.(2) in which Newman's solution [5] for plate
with surface semi-élliptical crack is multiplied by the geometry correction factor M, calculated by
using Albrecht's solution [6] givenin Eq.(3):
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Figure 1. Welded joint
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where a = crack size, 2c = surface crack length, ¢ = plate thickness, W = plate width, ¢ = parametric
angle describes the location at the crack front with respect to the major axis of the ellipse, oy = the
normal stress in afinite element between the distance b; and 5.1 , ¢ = the nominal stress. Verreman et
al. [7] used this method for determination of the stress intensity factor of a cruciform-welded joint and
compared it with the accurate solution obtained by Smith [8] using high-order crack tip elements with
an inverse square root singularity. They reported difference smaller than 6%, so this method can be
considered accurate for engineering purposes. The advantage of Albrecht's method is that only one
stress analysis needs to be made for each joint geometry, i.e. the stress analysis of an uncracked joint.

3. PREDICTION OF THE REMAINING FATIGUE LIFE

Specimens were fabricated from low-carbon structural steel S355J0. Average material properties were
assumed: m = 3, C = 4.9-10"2 , with 4K in units of MPav/m and da/dN in units of m/cycle[9,10]. The
remaing fatigue life (crack propagation life) N, is obtained from the equation:

da
N, =["
P -[a,- C(AK)m

4)

The equation (4) was solved by 32-point Gaussian quadrature method. These calculations were
performed by using the computer programs based on this procedure. Numerical integration was
performed for severa values of 4o and o, . The development of crack shape i.e. the change of a/c
during the crack growth was taken into account [11,12]. The SN curves were determined by the
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regresion analysis [13] (Fig.2). These results were compared with experimental results for welded joint
according to ref. [14].
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Figure 2. Experimentaly determined S-N curves;, ——Predicted S-N curves for welded joints with

known initial crack

It can be noticed, on Figure 2., that a small increase of fatigue crack size causes a big decrease of
fatigue strength and remaining fatigue life. As the magnitude of the applied stress range decreases, the
difference between total fatigue life (curve 2) and predicted crack propagation life (curve 3) increases
because the crack-initiation portion of the fatigue life increases. Based on known initial crack size,
determined during periodical ultrasonic or radiographic inspections, the remainig fatigue crack
propagation life was obtained and shown in Figure 3.
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Figure 3. Predicted remaining fatigue lives for known initial crack
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4. CONCLUSIONS

Most of old structures subjected to cyclic loading containes a small fatigue crack developed during
long service life. It seems reasonable, at least in some cases, to perform periodical ultrasonic or
radiografic inspections in order to detect potential fatigue crack. Than one can predict remainig fatigue
lifei.e. time until final failure and choose the best moment of time to perform the repair.
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