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1. Introduction

Attention to the fatigue cracks in steel structuaes bridges has been paid for a long
time. In spite of efforts to eliminate the creatiamd propagation of fatigue cracks
throughout the designed service life, cracks allerstealed during inspections. According
to one of standardized methods in EC standardmagation of cracks is acceptable to a
certain extent. The standard defines certain géoeralitions that need to be fulfilled. No
procedures, however, have been defined for thelgmobolution of the criteria.

Three sizes are important for the characteristich® propagation of fatigue cracks.
The first size is the initiation size, the secomsdtlie measurable length ant the third
important size is referred to as a critical sizbeTcritical size is the final size before a
brittle fracture results in a failure.

Fatigue crack damage depends on a number of stnegs cycles. This is a time factor
in the course of reliability for the entire desigreervice life. The failure rate increases in
the course of time and the reliability decreaségoksible propagation of the fatigue crack
is included into the failure rate, it is necesstryinvestigate into the fatigue crack and
define the maximum acceptable degradation. Thepdable size is a limit for the required
reliability.

The topic is discussed in two levels: the probatidisolution to the propagation of the
fatigue crack and uncertainties in determinatiomadfies used in the calculation.

2. Propagation of the fatigue crack

The fatigue crack, that degraded a certain arg¢heo$tructure components, is described
with one dimension onlg when investigating into the propagation. In orbedescribe the
propagation of the crack, the linear elastic freetanechanics is typically used defined by
Paris-Erdogan law
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whereC, mare material constants,is the crack size arid is the number of loading cycles.
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The primary assumption is that the design shouté iato account the actions of the
extreme loading and the fatigue resistance shaoailgsBessed then. The reliability reserve in

the technical probability method is:
Ors =G=R-S (2)

whereR is the random resistance of the element@rebresents random variable effects of
the extreme load. If such element is subject tosérwice load, following cases can occur
(Fig. 1):

a) safe life — the fatigue effects do not degradeethenent by the fatigue crack,

b) damage tolerance — the fatigue effects degradelément and decrease the load-

bearing capacity of the element,
c) damage tolerance — fatigue effects indicated stiezsges.

G < 0 (for extreme load)
G = O(for operating load)

b) | G = 0 (for extreme load)

Seq,i-_:_;;_--_-__;__;_________Tﬁl_?_._I___
0 -
e
G < 0 (for extreme load) (time)
G = O(for operating load)
c) Gs>g G =0(for extreme load)

oo, max%w A;%WM W ﬁ\?m;%: V #WPL fwﬁ‘\w

t (time)

Fig. 1: Reliability reserve related to designed apdrating load effects
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When using (1), the condition for the acceptabéekrsizea, is:
a5
NP B (3)
C . AK™

whereN is the number of cycles needed to increase thekdram the initiation size, to
the acceptable crack siag, andN, is the number of cycles throughout the servia lif
The equation for the propagation of the crack ¢ideneeds to be modified for this

purpose. The range of the stress intensity falfi§r to the constant stress ranf&J is:

AK = Ao maFg- (4)

The calibration functiorF(a) represents the course of propagation of the ctdaking
modified (1) and using (4), the following formulalvbe achieved:

T ooda T (5)
—2 _-[cac"dN
hﬁmﬁﬁm i i

Left side of the equation (5) can be regarded agdbistance of the structuRe right
side defined the cumulated effect of lo&ls

It is possible to define a reliability function. &lanalysis of the reliability function gives
a failure probabilityPy:

G = R(az) -S, (6)

fail (z)
whereZ is a vector of random physical properties suchashanical properties, geometry

of the structure, load effects and dimensions ef fidtigue crack. Probability of failure
equals to:

P = PG, <0)= PRy, < S)- (7)
3. Probabilistic calculation method
Let us define following random phenomena and theababilities that are related to the

growth of the fatigue crack and may occur in amgetit, during the service life of the
structure:

« the probability that the failure occurs within théme, this means the probability
that the fatigue crack sizt) reaches the acceptable sizg

P(F() = P(a(t) 2 aad), (8)

» the probability that the failure detected withir tiiime has the crack sizt) that
is less than the acceptable sige

P(D(1)) = P(aa < a(t) < aad, 9)
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e the probability that the failure is not detectedhiri the t-time, this means the
probability that the fatigue crack siag) is below the measurable crack sige
P(U(1) = P(a(t) < ay). (10)

Those three phenomena cover the complete specfrpimreaomena that might occur in
thet-time. This means:

P(F(t)) + P(D(t)) + P(U(t)) = 1. (1)
The probable course of the growth of the fatigueklis shown in Fig. 2.
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Fig. 2: Probabilistic propagation of the fatiguadk in the course of time

The probabilities in the equations (8) — (10) canchlculated in anytime using the
simulation methods based on Monte Carlo or the dDifgetermined Fully Probabilistic
Method [4] ("DDFPM"), for instance [1] and [2]). €hcalculation is carried out in time
steps where one step typically equals to one yéaheoservice life of the construction.
When the failure probabilityP(F(t)) reaches the designed failure probabilRy, an
inspection should be carried out in order to findt datigue cracks, if any, in the
construction element. The inspection provides mfmion about real conditions of the
construction. Such conditions can be taken intooaet when carrying out further
probabilistic calculations. The inspection in théme may be one of the three events
presented in equations (8) — (10).

Using the inspection results fdy, it is possible to define the probability of the
mentioned phenomena in another timest, . In order to determine the time for the next
inspection, it is necessary to define the condétigumobability:

P(F(M) - P(F(D) - P(XD)OA R/ O ) (12)

P(F(M)/U(Y)) = )
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The probabilities in the equation (12) can be dated in anyT > t, time using the
simulation methods based on Monte Carlo or DDFPM When the failure probability
P(F(t) / U(t)) reaches the designed failure probabikty, an inspection should be carried
out in order to reveal fatigue cracks, if any, lie tonstruction component. The inspection
may result in one of the mentioned phenomena vadthesponding probabilities. The entire
calculation can be repeated in order to ensuretiwmedld inspections in the future.

3. Used probabilistic methods and their comparison

Two probabilistic methods have been used in thecutaion of (8) and (12)
probabilities:

* Monte Carlo method
» Direct Determined Fully Probabilistic Method (DDFPM

The first method has been presented several tidje§¢r purposes of this study it has
been modified and adapted. The second method lessdbe@sen as a brand new method for
this purpose.

The Direct Determined Fully Probabilistic MethodDDFPM") [1] and [2] was
originally developed as a Monte Carlo alternatv&SBRA [8]. DDFPM is an alternative to
Monte Carlo and can be used similarly.

The main benefit of DDPFM in the probabilistic agdhtions is that the results achieved
are more accurate. DDFPM always provides an unamhbig and comparable result (this
differs from the results achieved on the basifefMonte Carlo method). The only error in
this result is given by a numerical error and emesulting from discretization of input
quantities. If Monte Carlo is used for the samewation, the results will be always slightly
different even if a relatively high number of simtibns is used. The reason is the
generation of random numbers, or to be more speecifpseudo-random numbers. This
generation is always limited and slightly differeiot each series of simulations. If the
directly probabilistic calculation is used and santervals are chosen, the result is always
the same.

4, Conclusion

This article provides theoretical backgrounds foopagation of fatigue cracks. A
particular attention is paid to the maximum accelgtarack size. The final fatigue crack
size may contribute to a division made betweerctiteal crack size and acceptable crack
size. The acceptable crack size comprises safatyimsafor the critical crack size that may
occur in consequence of a brittle fracture and enaften in steel structures, in consequence
of a ductile fracture.
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ACCEPTABLE FATIGUE CRACK SIZE - THEORY

Summary

This article provides an introduction to the chégsgstics of the acceptable fatigue crack

size in steel structures and bridges. This craz& plays a key role in degradation of an
element designed for an extreme loading combindbiainin fact is exposed to variable
service loads.



